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Dear colleagues,
Welcome at ISVEE; the 13th international symposium on veterinary epidemiology and economics. 
Welcome to Maastricht.

Decision makers dealing with animal health problems, at the herd, regional or (inter)national 
level are increasingly faced with new challenges. New pathogens like the Schmallenberg virus, 
increasing demand for animal protein in developing countries, climate change, increasing interest 
in the risks of animals for human health, and increasing questions of the society at large about 
the way we keep animals are only a few out of many. Veterinary epidemiology and veterinary 
economics are the scientific disciplines that can help taking the best decision, because they provide 
crucial quantitative information about animal health at the population level.

Nevertheless, veterinary epidemiology and economics cannot do that alone, because we would 
just be providing statistical associations from a black box. Only by crossing the border with 
other disciplines like microbiology, immunology, veterinary and animal sciences, communication 
and others and by focussing on the bridges that connect them with veterinary epidemiology 
and economics we can create the multi-disciplinary approach needed to solve many of today’s 
research questions.

Crossing borders, building bridges is the motto of this symposium and you will encounter this 
motto throughout the conference, in the keynote lectures as well as in many of the oral and poster 
sessions. A variety of topics will be presented to you from sophisticated statistical modelling over 
socio-economic impact of diseases to the application of veterinary epidemiology in daily practice.

Thanks to the many contributions and excellent key note speakers, you will hear state of the 
art presentations and see posters with top of the bill science originating from over 70 different 
countries and covering animal health and diseases from a wide variety of species. Sessions and 
breaks will give you ample opportunities to discuss with your colleagues and, moreover, we are 
convinced that our attractive social programme will help you expand and strengthen your network. 
We encourage you to look, listen and discuss and to build new scientific and personal bridges so 
that veterinary epidemiology and economics can further flourish in a multi-disciplinary scientific 
world.

We thank the scientific committee for their invaluable help in designing a very interesting 
programme. Moreover, we thank our sponsors for making this conference possible. Most of all we 
thank you, participants of ISVEE, for your contributions and your presence at ISVEE 2012. We wish 
you an inspiring conference.

On behalf of the Organizing Committee,

 
Arjan Stegeman Jeroen Dewulf
President Vice-President and Chair of Scientific Committee
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ISVEE 13 Bursary awards
We are proud to announce that a total of 21 bursary awards have been awarded to students from 
developing countries to participate in ISVEE 13. The ISVEE 13 Bursary awards have been sponsored 
by:
•	 Nordic Society for Veterinary Epidemiology (1 bursary award);
•	 Flemish Society for Veterinary Epidemiology and Economics (3 bursary awards);
•	 Dutch Society for Veterinary Epidemiology and Economics (3 bursary awards);
•	 Society for Veterinary Epidemiology and Preventive Medicine (3 bursary awards);
•	 Boerenbond Belgium (2 bursary awards);
•	 Food and Agricultural Organisation (FAO) of the United Nations (4 bursary awards);
•	 Dr. Salman (3 bursary awards);
•	 Instavet (1 bursary award);
•	 Belgian Embassy in South Africa, Pretoria (1 bursary award).

The following persons received a bursary award:

Familyname Initials Firstname Company/Institute City Country

Adesokan H.K. Hezekiah University of Ibadan Nigeria
Baljinnyam Z. Zolzaya Institute of Veterinary Medicine, 

MSUA
Ulaanbaatar Mongolia

Brito Rodriquez B.P. Barbara Patricia Universidad Nacional de Rosario, 
Centre for Animal Disease 
Modelling and Surveil

Davis United States of 
America

Chaka H. Hassen National Animal Health 
Diagnostic and Investigation 
Centre

Sebeta Ethiopia

De Hildebrand E 
Grisi Filho

J.H. Jose Henrique University of Sao Paulo Sao Paolo Brazil

Dorjee S. Sithar AVC, UPEI Charlottetown Canada
Fasina F.O. Folorunso 

Oludayo
University of Pretoria Pretoria South Africa

Gachohi J. J. International Livestock Research 
Institute

Nairobi Kenya

Jemberu W.T. Wudu Temesgen University of Gondar Gondar Ethiopia
Lankaster F. Felix University of Glasgow Arusha Tanzania
Marufu M.C. Munyaradzi 

Christoph
University of Kwazulu-Natal Pietermaritzburg South Africa

Mersinaj K. Kujtim Food Safety and Veterinary 
Institute

Isuv Albania

Nekouei Jahromi O.A. Omid Ali University of Theran Theran Iran
Nicolino R. Rafael Federal University of Minas 

Gerals UFMG
Belo horizonte Brazil

Niedersberg de 
Avila

L. Luciana Agencia Defesa Agropecuaria da Bahia Brazil

Patanasatienkul T. Thitiwan Atlantic Veterinary College, UPEI Charlottetown Canada
Salih H. Huyam Ministry of animal resources & 

fisheries
Khartoum Sudan

Seric-Haracic S. Sabina Veterinary Faculty of the 
University of Sarajevo

Sarajevo Bosnia and 
Herzegovina

Tenzin T. Tenzin Ministry of Agriculture & Forest Wangdue Bhutan
Van Eeden C. Charmaine University of Pretoria Pretoria South Africa
Wera E. Ewaldus Kupang State Agricultural 

Polytechnic
Kupang Indonesia



Keynote speakers

Prof. Derek Smith
Cambridge University, UK
A bridge between molecular research and veterinary epidemiology

Prof. David Rogers
Oxford University, UK
The link between climate change, global warming and animal diseases

Prof.Theresa Bernardo
Michigan State University, USA
The applications of social media and social networks in epidemiology

Prof. Ynte Hein Schukken
Cornell University, USA
Epidemiology in veterinary practice

Dr. Katinka  de Balogh
FAO – selected by the European college on Veterinary Public Health
The link between epidemiology and Food Safety and Food Security from a global perspective
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Session 01. Molecular epidemiology

Date: 20 August 2012; 10:40 - 12:40 hours

Theatre Session 01 no. Page

Genomic epidemiology of zoonotic pathogens 1 1
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Trewby, H., Biek, R., O’hare, A., Wright, D., Mallon, T., Mccormick, C., Orton, R., Mcdowell, S., 
Skuce, R. and Kao, R.
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Sturnus vulgaris (European starling) in Ohio, USA (2007-2009) 3 2
Swirski, A.L., Pearl, D.L., Williams, M.L., Homan, H.J., Linz, G.M., Cernicchiaro, N. and Lejeune, J.T.

Transmission dynamics of Mannheimia haemolytica and Mycoplasma bovis in beef bulls at 
fattening operations 4 2
Timsit, E., Christensen, H., Arcangioli, M.A., Bareille, N., Seegers, H. and Assié, S.

Using strain typing to determine vertical infections of Mycobacterium avium subspecies 
paratuberculosis 5 3
Knupfer, E., Mitchell, R.M., Pradhan, A.K., Kramer, A., Dieguez, J., Fyock, T., Whitlock, R.H. and 
Schukken, Y.H.

The molecular diversity of Mycobacterium avium subsp. paratuberculosis on Alberta dairy 
farms determined using MALDI-TOF mass spectrometry 6 3
Ahlstrom, C., Barkema, H.W. and De Buck, J.

Session 02. Surveillance and biosecurity

Date: 20 August 2012; 10:40 - 12:40 hours

Theatre Session 02 no. Page

Site-specific biosafety and biosecurity risk assessment for the national bio and agro-
defense facility 1 4
Hamilton, A., Szmania, S., Kadavy, D., Isbell, M., Gardner, M., Cassagrande, R., Kazmierczak, M., 
Rush, M., Bieberbach, G., Bieringer, P., Coble, K., Marsh, T., Pendell, D., Bryant, F., Splichal, P. and 
Brewer, J.

A financial cost-benefit analysis of the Norwegian ‘Healthier goats’ sanitation program 
using stochastic simulation to analyse risks 2 4
Nagel-Alne, G.E., Valle, P.S., Asheim, L.J., Hardaker, J.B. and Sølverød, L.S.

The economics of animal health surveillance: translating principles into practice: a case 
study from Switzerland 3 5
Häsler, B.N., Howe, K.S. and Stärk, K.D.C.

Enhancing passive surveillance: an economic evaluation of alternative methods 4 5
Gilbert, W., Häsler, B., Rushton, J., Flood, T., Hoinville, L., Brouwer, A. and Tearne, O.

Biosecurity in pig herds is associated with production- and treatment-characteristics 5 6
Laanen, M., Persoons, D., Maes, D. and Dewulf, J.



XVI ISVEE – Book of Abstracts 2012

Assessment of the biosecurity risks posed by the poultry exhibition sector in Australia 6 6
Hernández-Jover, M., Schemann, K. and Toribio, J.-A.L.M.L.

Session 03. Modelling control measures

Date: 20 August 2012; 10:40 - 12:40 hours

Theatre Session 03 no. Page

Bluetongue in Switzerland: an investigation modeling within-herd population dynamics, 
vaccination strategies and herd immunity 1 7
Bruce, M., Stärk, K.D. and Doherr, M.G.

Developing rules of thumb for between-farm transmission and control of avian influenza, 
classical swine fever, and foot-and-mouth disease 2 7
Hagenaars, T.J. and Boender, G.J.

Rs, a counterpart of the basic reproduction number in a seasonal context 3 8
Charron, M.V.P., Seegers, H., Langlais, M. and Ezanno, P.

The interaction of genetics and epidemiological processes in ovine footrot 4 8
Russell, V.N.L., Green, L.E., Bishop, S.C. and Medley, G.F.

Evaluating vaccination for foot-and-mouth disease control: an international study 5 9
Garner, G., Culver, F., Sanson, R., Stevenson, M., Forde-Folle, K., Roche, S., Birch, C., Rawdon, T., 
Rooney, J., Corso, B., Dube, C. and Owen, K.

An outbreak of highly pathogenic avian influenza in domestic ostriches: The current 
situation in South Africa 6 9
Van Helden, L.S., Grewar, J.D., Dyason, E. and Koen, P.

Session 04. Test evaluation and Bayesian analysis

Date: 20 August 2012; 10:40 - 12:40 hours

Theatre Session 04 no. Page

Evaluating non statutory sampling schemes in red meat chemical residue surveillance in 
Northern Ireland 1 10
Courcier, E.A., Short, H.D., Kennedy, D.G., Price, P., Menzies, F.D. and Abernethy, D.A.

Sensitivity and specificity of ELISA and PCR tests for identifying Coxiella burnetii seropositive 
and shedder cows using Bayesian analysis 2 10
Paul, S., Toft, N., Agger, J.F., Christoffersen, A.B. and Agerholm, J.S.

Serological surveillance for avian influenza infections in poultry: is the gold standard really 
‘golden’? 3 11
Comin, A., Toft, N., Stegeman, A., Klinkenberg, D. and Marangon, S.

Bayesian latent models with random effects to estimate test accuracies of six different 
serological tests for Brucella abortus 4 11
Hartnack, S., Lewis, F.I., Abernethy, D.A., Menzies, F.D. and Greiner, M.

Within herd transmission and evaluation of the performance of clinical and serological 
diagnosis of foot and mouth disease virus during an outbreak in vaccinated cattle 5 12
Gonzales, J.L., Barrientos, M.A., Quiroga, J.L., Orozco, C. and Crowther, J.R.



ISVEE – Book of Abstracts 2012 XVII

False attribution: bias in probabilistic source attribution models for Salmonella infections 6 12
Singer, R.S. and Mason, M.R.

Session 05. Risk assessment for disease introduction

Date: 20 August 2012; 10:40 - 12:40 hours

Theatre Session 05 no. Page

Good practice in conducting and reporting quantitative risk assessments: a problem-
oriented approach 1 13
Greiner, M., Ernert, A., Gross, S. and Müller-Graf, C.

Risk of African swine fever introduction into the European Union through illegal 
importation of pork and products 2 13
Costard, S., Jones, B.A., Martinez-Lopez, B., Mur, L., De La Torre, A., Martinez, M., Sanchez-
Vizcaino, F., Sanchez-Vizcaino, J.M., Pfeiffer, D.U. and Wieland, B.

A comparative assessment of the risks of introduction and spread of foot and mouth 
disease among pig farms in Australia 3 14
Hernández-Jover, M., Schembri, N., Toribio, J.-A.L.M.L., Holyoake, P.K. and Martin, P.A.J.

Quantitative risk assessment of formal pig movements in eastern Indonesia and 
transmission of classical swine fever 4 14
Leslie, E., Cogger, N. and Toribio, J.A.

A qualitative assessment of the risk for Rift Valley fever virus introduction into Spain 5 15
Sánchez-Vizcaíno, F., Martínez-López, B. and Sánchez-Vizcaíno, J.M.

The risk of wild animals exposing domestic pigs to pathogens in Australia 6 15
Pearson, H., Lapidge, S., Hernández-Jover, M. and Toribio, J.-A.

Session 06. Molecular epidemiology

Date: 20 August 2012; 14:00 - 15:40 hours

Theatre Session 06 no. Page

Profiling of MRSA positive dogs arriving at a veterinary teaching hospital 1 16
Van Balen, J., Nava-Hoet, R., Bateman, S., Hillier, A., Dyce, J., Wittum, T. and Hoet, A.E.

Longitudinal study for the presence of livestock-associated MRSA in piglets 2 16
Verhegghe, M., Pletinckx, L.J., Bekaert, M., Crombé, F., Haesebrouck, F., Butaye, P., Heyndrickx, 
M. and Rasschaert, G.

Epidemiological factors associated with FMDV serotype O genetic variability in Pakistan 3 17
Brito, B., Perez, A., Jamal, S., Belsham, G. and Rodriguez, L.

Epidemiological factors associated with variation of the HA, NA, and NS genes of H5N1 
highly pathogenic avian influenza viruses isolated from birds in Romania in 2005-2007 4 17
Alkhamis, A., Perez, A., Yang, X., Howard, W., Brown, I., Batey, N. and Breed, A.

Presence of different-origin Israeli acute paralysis virus not related with Colony collapse 
disorder in Spanish honey bees 5 18
Vicente-Rubiano, M., De Las Heras, A.I., Kukielka, D. and Sánchez-Vizcaíno, J.M.
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Session 07. Epidemiology of avian influenza

Date: 20 August 2012; 14:00 - 15:40 hours

Theatre Session 07 no. Page

Transmission of highly pathogenic H5N1 avian influenza in vaccinated and vaccinated  
poultry 1 18
Van Boven, M., Poetri, O., Koch, G., Stegeman, A. and Bouma, A.

HPAI H5N1 virus from suboptimally vaccinated chickens was not transmitted to 
unvaccinated pen mates and not detected in environmental dust 2 19
Spekreijse, D., Bouma, A., Koch, G. and Stegeman, J.A.

An ecological niche model of highly pathogenic avian influenza virus H5N1 occurrence in 
domestic poultry in Asia 3 19
Stevens, K.B. and Pfeiffer, D.U.

Increase in low pathogenic avian influenza infections on poultry farms in the Netherlands 4 20
Van Der Goot, J., Verhagen, J., Gonzales, J., Backer, J., Bongers, J., Boender, G. and Koch, G.

The role of domestic ducks in the endemicity of highly pathogenic avian influenza H5N1 
virus in Indonesia 5 20
Idris, S., Surya, W.D., Dewi, A.P.M., Azhar, M., Dunkle, S., Brum, E., Angus, S. and Schoonman, L.

Session 08. Minisymposium on experimental epidemiology: modelling and 
measuring transmission

Date: 20 August 2012; 14:00 - 17:50 hours

Theatre Session 08 no. Page

Porcine Reproductive and Respiratory Syndrome virus (PRRSV) transmission rate is not 
constant with time-since infection: a serial transmission experiment 1 21
Charpin, C., Fablet, C., Mahé, S., Keranflec’h, A., Belloc, C., Cariolet, R., Le Potier, M.-F. and 
Rose, N.

Understanding foot-and-mouth disease virus transmission biology: identification of the 
indicators of infectiousness 2 21
Chase-Topping, M.E., Bankowski, B.M., Juleff, N.D., Gibson, D., Cox, S., Windsor, M., Reid, E., 
Howey, R., Barnett, P.V., Woolhouse, M.E.J. and Charleston, B.

The association between transmission rate and disease severity for Actinobacillus 
pleuropneumoniae infection in pigs 3 22
Tobias, T.J., Bouma, A., Daemen, A.J.J.M., Wagenaar, J.A., Stegeman, J.A. and Klinkenberg, D.

A model for introduction & ensuing spread of a duck origin H5N3 low pathogenic avian 
influenza virus in chickens 4 22
Claes, G., Marché, S., Welby, S., Lambrecht, B., Dewulf, J., Van Der Stede, Y. and Van Den Berg, T.

Quantification of the effect of physical separation of pigs on spread of Streptococcus suis 5 23
Dekker, C.N.T., Bouma, A., Daemen, A.J.J.M., Klinkenberg, D., Van Leengoed, L.A.M.G., 
Wagenaar, J.A. and Stegeman, J.A.
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Comparison of transmission rates of Salmonella enteritidis between pair-housed and group-
housed layer hens 6 23
Thomas, M.E., Bouma, A. and Klinkenberg, D.

Session 09. Surveillance of emerging diseases

Date: 20 August 2012; 14:00 - 15:40 hours

Theatre Session 09 no. Page

Use of blood samples of aborting cows for early detection of (emerging) infectious diseases 1 24
Brouwer, H., Bartels, C.J.M., Van Wuijckhuise, L. and Van Schaik, G.

Use of monthly collected milk yields for the detection of vector borne emerging diseases: a 
simulation based approach 2 24
Madouasse, A., Marceau, A., Lehebel, A., Peroz, C. and Fourichon, C.

A national risk assessment tool for emerging and re-emerging zoonoses 3 25
Wang, S., Morris, R.S. and Stevenson, M.

The surveillance paradigm: ‘perceive an epidemiological reality through non reliable data’, 
the case of H5N1 wildfowl outbreaks in Europe 4 25
Pereira, H., Artois, M. and Bicout, D.

The Monitoring and Surveillance System (MoSS): external validation 5 26
Behaeghel, I., Aerts, V., Lebrun, M., Van Der Heyden, S. and Dispas, M.

Session 10. Veterinary Public Helath EHEC/salmonella

Date: 20 August 2012; 14:00 - 15:40 hours

Theatre Session 10 no. Page

Measuring association between location of human cases in a food borne outbreak and 
distribution of food products to identify potential sources of infection 1 26
Norström, M., Görlach, F.S., Kristoffersen, A.B., Nygård, K. and Hopp, P.

Epidemiology of Shiga toxin-producing Escherichia coli (STEC) in finishing swine 2 27
Tseng, M., Fratamico, P., Manzinger, D., Garman, B. and Funk, J.

An on-farm intervention for VTEC 0157 in cattle: the story so far 3 27
Oliva-Abascal, R., Adam, K., Evans, J., Webster, C., Mckendrick, I., Gunn, G. and Tongue, S.

Simulation model of vaccinating cattle against STEC O157 for pre-harvest food safety 4 28
Vogstad, A.R., Moxley, R.A., Erickson, G.E., Klopfenstein, T.J. and Smith, D.R.

Multilevel analysis to evaluate the association between environmental thermal parameters 
and Salmonella shedding in finishing pigs 5 28
Pires, A., Funk, J., Manuzon, R. and Zhao, L.
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Session 11. Epidemiology of equine infectious diseases

Date: 20 August 2012; 16:10 - 17:50 hours

Theatre Session 11 no. Page

Epidemiology and health policy for prevention of nosocomial Salmonella infections in 
hospitalized horses 1 29
Ekiri, A.E., Morton, A.J., Long, M.T., Mackay, R.J. and Hernandez, J.A.

Epidemiology of West Nile virus Lineage 2 as a cause of neurological disease in horses in 
South Africa: lessons for Europe 2 29
Venter, M., Williams, J., Human, S., Van Niekerk, S., Mentoor, J., Jansen Van Vuuren, P., Paweska, 
J., Van Eeden, C. and Swanepoel, R.

Evaluating the effectiveness of strategies for the control of equine influenza virus in the 
New Zealand equine population 3 30
Rosanowski, S.M., Cogger, N., Stevenson, M.A., Rogers, C.W. and O’leary, B.D.

The effect of humidity, air temperature and wind on local spread during the 2007 equine 
influenza outbreak in Australia 4 30
Firestone, S.M., Cogger, N., Ward, M.P., Toribio, J.L.M.L., Moloney, B. and Dhand, N.K.

Evaluation of data sources for modelling of equine infectious disease in Britain 5 31
Robin, C.A., Lo Iacono, G., Gubbins, S., Wood, J.L.N. and Newton, J.R.

Session 12. Epidemiology of avian influenza

Date: 20 August 2012; 16:10 - 17:50 hours

Theatre Session 12 no. Page

Spatiotemporal epidemiology of H5N1 disease and infection in people and poultry: a 
continuing enigma 1 31
Schauer, B., Morris, R.S., Wang, S. and Minh, P.Q.

Determination of HPAI H5N1 spatio-temporal dynamics in Indonesian poultry 2 32
Lockhart, C., Pinto, J. and Farnsworth, M.

Social network analysis of poultry trade movements in Sikasso county, Mali: implications for 
surveillance of avian influenza 3 32
Molia, S., Boly, I., Duboz, R. and Fournié, G.

Assessing the contributions of the various between farm contacts to the spread of highly 
pathogenic avian influenza (H7N7) virus during the 2003 epidemic in the Netherlands 4 33
Ssematimba, A., Elbers, A.R.W., Hagenaars, T.J. and De Jong, M.C.M.

HPAI risk perception of poultry keepers within the traditional poultry sector in Egypt 5 33
Geerlings, E.C.L.
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Session 13. Epidemiology and control of Bovine Tuberculosis

Date: 20 August 2012; 16:10 - 17:50 hours

Theatre Session 13 no. Page

Spatio-temporal analysis of bovine tuberculosis in Spain (2006-2009) 1 34
Garcia-Saenz, A., Saez, M., Casal, J., Napp, S., Perez De Val, B., Alba, A., Saez, J.L., Guta, S. and 
Allepuz, A.

The impact of the national full herd depopulation policy during 2003 to 2005 on the 
recurrence of bovine tuberculosis in Irish herds 2 34
Good, M., Clegg, T.A., Duignan, A. and More, S.J.
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Unravelling the fine-scale transmission of bovine tuberculosis in Northern Ireland
Trewby, H.1, Biek, R.1, O’hare, A.1, Wright, D.2, Mallon, T.2, Mccormick, C.2, Orton, R.1, Mcdowell, S.2, 
Skuce, R.2 and Kao, R.1, 1University of Glasgow, Boyd Orr Centre for Population and Ecosystem Health, 
United Kingdom, 2Agri-Food and Biosciences Institute, Northern Ireland, Veterinary Sciences Division, 
United Kingdom; h.trewby.1@research.gla.ac.uk

Bovine tuberculosis (bTB) poses a major health and economic problem in many areas of the world. Where 
eradication programmes have failed, infection in a wildlife reservoir is often implicated, and in the British 
Isles bTB in cattle has been linked to infection in the Eurasian badger Meles meles. Despite extensive 
research effort involving laboratory studies, ecology, epidemiology and large-scale intervention trials, the 
exact roles of badgers and cattle in maintaining bTB in the British Isles remains not only unclear but also 
mired in controversy. Here we present recent work on Northern Irish data, using whole genome sequences 
of the causal agent of bTB, Mycobacterium bovis, to elucidate transmission dynamics among cattle and 
badgers at the farm scale. Combining these molecular data with detailed information on cattle birth, death 
and movement, we are able to identify with unprecedented resolution the fine spatial and temporal scales at 
which the pathogen is transferred between the two hosts, and thus demonstrate the predominance of local 
processes in bTB persistence. Extending our approach to bTB in the British Isles more widely should enable 
valuable progress to be made in understanding and quantifying the role of badgers as a wildlife reservoir, 
and the risk they pose for the disease in cattle.

Genomic epidemiology of zoonotic pathogens
French, N.1, Biggs, P.1, Cox, M.2, Prangle, D.3 and Fearnhead, P.3, 1Infectious Disease Research Centre, 
IVABS, Massey University, Allan Wilson Centre for Molecular Ecogy and Evolution, New Zealand, 2IMBS, 
Massey University, New Zealand, 3Lancaster University, Department of Mathematics and Statistics, United 
Kingdom; n.p.french@massey.ac.nz

Next generation sequencing has vastly increased the availability of pathogen genome sequence data. By 
developing evolutionary and epidemiological models and applying them to sequence data, new insights 
are gained into how pathogens are evolving, the nature of host association and aspects of between-host 
transmission. Advances in statistical methods have improved model choice and parameter estimation for 
models of evolutionary ancestry, resulting in better reconstructions of pathogen genealogies, and improved 
estimates of evolutionary parameters. These models are valuable: they provide estimates of when and where 
key events occurred, such as the emergence of new variants; they improve our understanding of population 
growth and how it relates to the basic reproduction number; and they enable the contribution of different 
sources and transmission pathways to be determined. New Zealand’s relative isolation and unique patterns 
of colonisation with humans and animals provides a test bed for exploring the evolution of pathogens such 
as Campylobacter. In this study we demonstrate the power of marrying rich data sets with modern statistical 
methods, and how different types of data can be used to learn about evolution. Our datasets include over 
4,000 Campylobacter isolates from a range of hosts with low genome coverage (7 loci) and 59 isolates with 
high coverage (>1000 genes). Our analysis indicates multiple introductions (pre-human and post Polynesian 
and European colonisation) and provides revised estimates of the relative rates of recombination and 
mutation. Further, by informing our understanding of host-association and the relative rates of transmission 
between animals and humans, the melding of statistical genetics and epidemiology, combined with partial 
and full genome sequence data, has informed successful control strategies in New Zealand.
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Transmission dynamics of Mannheimia haemolytica and Mycoplasma bovis in beef bulls at fattening 
operations
Timsit, E.1, Christensen, H.2, Arcangioli, M.A.3, Bareille, N.1, Seegers, H.1 and Assié, S.1, 1Oniris, INRA, 
UMR BioEpAR, France, 2University of Copenhagen, Dep. of Veterinary Disease Biology, Denmark, 3VetAgro 
Sup, UMR Mycoplasmoses des Ruminants, France; e_timsit@yahoo.fr

Mannheimia haemolytica and Mycoplasma bovis are the principal bacteria isolated from cattle suffering from 
bovine respiratory disease (BRD) in fattening operations. Little information is available on their transmission 
dynamics within pens during BRD outbreaks. Such information is nevertheless crucial to adapt control 
measures. The objective of this study was to characterize by molecular typing M. haemolytica and M. bovis 
isolates collected from bulls’ lungs during BRD outbreaks to determine whether a single or multiple clones 
are present within pens. 12 groups of 8 to 12 beef bulls (n=112) were studied during the 40 days following 
their arrival at fattening operations. Bulls were purchased at auction markets and came from different farms. 
As soon as a BRD case was detected in a group, a trans-tracheal aspiration (TTA) was performed on each 
bull of the group to isolate bacteria. TTA were then repeated every 3 days on non-treated bulls until no new 
BRD case was detected in the group. M. haemolytica and M. bovis isolates were characterized by pulsed-
field gel electrophoresis (PFGE). M. haemolytica and M. bovis isolates were collected during 14 and 6 BRD 
outbreaks respectively. The within-pen prevalence of bulls positive for M. haemolytica and M. bovis during 
BRD outbreaks ranged respectively from 11% to 89% (mean=60%) and from 8% to 100% (mean=54%). 
During 10 of the 14 outbreaks, 2 to 4 different clones of M. haemolytica were recovered whereas only 1 
clone was recovered in the 4 remaining outbreaks. Concerning M. bovis, only one clone was recovered 
during 5 of the 6 BRD outbreaks. Molecular typing revealed, for Mannheimia haemolytica  isolates, a high 
within-pen genetic variability during BRD outbreaks indicating a low occurrence of horizontal transmission, 
and a unique clone of M. bovis , indicating a frequent transmission among penmates.

Spatial epidemiology of Escherichia coli O157:H7 in dairy cattle in relation to night roosts of Sturnus 
vulgaris (European starling) in Ohio, USA (2007-2009)
Swirski, A.L.1, Pearl, D.L.1, Williams, M.L.2, Homan, H.J.3, Linz, G.M.3, Cernicchiaro, N.4 and Lejeune, 
J.T.2, 1University of Guelph, Population Medicine, Ontario Veterinary College, Canada, 2The Ohio State 
University, Food and Animal Health Research Program, Ohio Agricultural Research and Development 
Center (OARDC), USA, 3United States Department of Agriculture, Wildlife Services, National Wildlife 
Research Center, USA, 4Kansas State University, Department of Diagnostic Medicine and Pathobiology, 
College of Veterinary Medicine, USA; dpearl@uoguelph.ca

The goal of our study was to determine if the night roosts of European starlings (Sturnus vulgaris) act as foci 
for the dissemination of Escherichia coli O157:H7 among dairy farms. From 2007-2009, we collected bovine 
fecal samples (n=9,000) and starling gastrointestinal contents (n=430) from 150 dairy farms in northeastern 
Ohio. Isolates of E. coli O157:H7 that were recovered from these samples were sub-typed using multi-
locus variable number tandem repeat analysis (MLVA). Generated MLVA-types were used to construct a 
dendrogram based on a categorical multistate coefficient and unweighted pair group method with arithmetic 
mean (UPGMA). Using a focused spatial scan statistic, we identified statistically significant spatial clusters 
around starling night roosts of dairy cattle with an increased prevalence of E. coli O157:H7 positive fecal 
pats, an increased diversity of distinguishable MLVA-types, and a greater number of isolates with MLVA-
types from bovine-starling clades versus bovine-only clades. These results support our hypothesis that 
starlings contribute to the dissemination of this bacterium among dairy farms.
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The molecular diversity of Mycobacterium avium subsp. paratuberculosis on Alberta dairy farms 
determined using MALDI-TOF mass spectrometry
Ahlstrom, C., Barkema, H.W. and De Buck, J., University of Calgary, Production Animal Health, Canada; 
cahlstro@ucalgary.ca

Johne’s disease (JD) is primarily controlled through prevention. However, this requires a thorough 
understanding of the transmission patterns and sources of Mycobacterium avium subspecies paratuberculosis 
(Map). Strain typing of Map isolates can provide valuable insight into the epidemiology of JD that can 
ultimately be used to design and evaluate regional control programs. A number of strain typing techniques 
have been used to discriminate Map isolates, though many have proven too impractical to encourage large 
scale studies. Short sequence repeats (SSR) found in the Map genome were previously determined to be the 
most discriminatory compared with other techniques to investigate Map strain variability between and within 
herds. Unfortunately, accurate sequence analysis of mono- and di-nucleotide repeats is still moderately 
difficult, expensive, and laborious. We used DNA MALDI-TOF analysis as alternative to Sanger sequencing 
for typing Map using multiple SSR loci. We applied this technique to isolates originating from the Alberta 
Johne’s Disease Initiative in which six environmental samples taken at different sites in the cow barn are 
cultured from a projected 80% of all the dairy farms in the province (n=480). Genomic DNA was extracted 
from Map colonies obtained from cultures. Short sequences surrounding the SSR regions were amplified by 
PCR using a biotinylated primer. DNA was purified using streptavidin beads and eluted before processing 
for MALDI-TOF analysis. Differentiating spectra were obtained for the different alleles of the tested SSR 
loci. The provincial distribution of the identified Map genotypes based on the SSR profiles will be presented. 
Typing of SSRs provides valuable information regarding the molecular epidemiology of Map. Resolving 
the genotypes present on 80% of the dairy farms in Alberta will provide unprecedented insight into Map 
diversity, distribution and transmission, a critical step in the prevention of JD in dairy herds.

Using strain typing to determine vertical infections of Mycobacterium avium subspecies paratuberculosis
Knupfer, E.1, Mitchell, R.M.2, Pradhan, A.K.2,3, Kramer, A.1, Dieguez, J.4, Fyock, T.5, Whitlock, R.H.5 and 
Schukken, Y.H.2, 1Utrecht University, Netherlands, 2Cornell University, USA, 3University of Maryland 
College Park, USA, 4Universidade de Santiago de Compostela, Spain, 5University of Pennsylvania, USA; 
e.knupfer@students.uu.nl

Daughters of Mycobacterium avium subspecies paratuberculosis (MAP)-infected dairy cattle are assumed to 
be at high risk of vertical infection. Alternatively, genetics can account for increased susceptibility to MAP, 
therefore dam and daughter can be both infected but not necessarily due to vertical transmission. Analyzing 
strain diversity using multi locus short sequence repeat (MLSSR) typing in longitudinal datasets allows us 
a potential distinction between vertical transmission and genetic susceptibility. In this study we examine 
the strain types of MAP in dam-daughter pairs to evaluate whether these pairs have the same strain. We 
identified 12 MAP-infected dam-daughter pairs from the Regional Dairy Quality Management Alliance 
study herd in NY. All adult animals on the farm were tested for MAP via fecal culture semi-annually for seven 
years and tissue samples were available on a subset of cull animals. Positive cultures were substreaked and 
processed for MLSSR typing. Following genotyping, isolates from each dam-daughter pair were compared 
to determine whether they shared the same MAP genotype. Of the 12 infected dam-daughter pairs, 9 had 
identical strains shared between the dams and daughters. In addition, 2 daughters had the dam’s strain as 
well as another circulating strain. Overall, 8 strains were represented in the daughters that did not come 
from dams. Of the 12 daughters, 5 carried different strains of MAP than their dams, even when concurrently 
infected with the dam’s strain. Even though the majority of transmission was of the dominant on-farm strain 
of MAP, there was still an association between dam status and MAP strain in daughters. It appears that some 
strains of MAP may transmit vertically more commonly than others.
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A financial cost-benefit analysis of the Norwegian ‘Healthier goats’ sanitation program using stochastic 
simulation to analyse risks
Nagel-Alne, G.E.1,2, Valle, P.S.2,3, Asheim, L.J.4, Hardaker, J.B.5 and Sølverød, L.S.1, 1TINE Norwegian 
Dairies, Langbakken 20, 1430 Ås, Norway, 2Norwegian School of Veterinary Science, Ullevålsveien 72, 
0454 Oslo, Production Animal Clinical Science, Norway, 3Molde University College, P.O. Box 2110, 6402 
Molde, Norway, 4Norwegian Agricultural Economics Research Institute, P.O. Box 8024 Dep., 0030 Oslo, 
Norway, 5School of Business, Economics and Public Policy, University of New England, Armidale, NSW 
2351, Australia; gunvor.elise.nagel_alne@nvh.no

In 2001 the Goat Health Services in Norway initiated a program to sanitize for caprine arthritis encephalitis, 
paratuberculosis (Johne´s disease) and caseous lymphadenitis in dairy goat herds (‘Healthier goats’). The 
program is largely financed by the government. A financial cost-benefit analysis (CBA) has been conducted 
by calculating the net present value (NPV) of costs and returns of the program over 5, 10 and 20 years. 
The calculations are based on a study showing average milk yield increase by 21% (from 627 to 756 kg) 
per goat in sanitized herds. Sanitized goats also last longer resulting in lower costs of replacement. The 
costs, gathered via a survey, comprised farmers’ work on sanitation, feed costs, farm building and other 
investments, and temporary production problems. Benefits due to increased milk yield are restricted by a 
milk quota and affected by governmental animal premium payments. A substantial part of farmers’ costs 
were reimbursed by the program. Still the value of NPV for the first 5 year period is negative (-160,000 
NOK) while for the 10 year perspective NPV is 132,000 NOK which shows the program to be beneficial 
at a 4.5% discount rate. The CBA is supported by a risk analysis using @Risk© to examine the effects 
of uncertainty in input variables such as milk yield, milk quality and investment costs. The importance 
of farmers’ investments and risks as well as government participation in relation to preventive veterinary 
medicine and animal disease control are discussed.

Site-specific biosafety and biosecurity risk assessment for the national bio and agro-defense facility
Hamilton, A.1, Szmania, S.1, Kadavy, D.1, Isbell, M.1, Gardner, M.1, Cassagrande, R.2, Kazmierczak, M.2, 
Rush, M.2, Bieberbach, G.3, Bieringer, P.3, Coble, K.4, Marsh, T.5, Pendell, D.6, Bryant, F.7, Splichal, P.7 and 
Brewer, J.8, 1Signature Science, USA, 2Gryphon Scientific, USA, 3Science and Technology in Atmospheric 
Research, USA, 4Mississippi State University, USA, 5Washington State University, USA, 6Colorado State 
University, USA, 7SES, Inc, USA, 8Department of Homeland Security, USA; dustin.pendell@colostate.edu

Foreign animal, emerging, and zoonotic diseases present a significant threat to the United States economy, 
agricultural security, and public health. To address this threat, the Department of Homeland Security is 
designing a state of the art biocontainment facility, the National Bio and Agro-Defense Facility, where 
comprehensive scientific research on the pathogens that may be involved would be performed. As part 
of the facility design and planning process, DHS used a highly integrated multi-disciplinary probabilistic 
risk assessment methodology involving facility engineering design evaluation, source term analysis, site 
specific climatology development and analysis, fate and transport modelling, epidemiological modelling, 
economic impact modelling, and quantitative risk analytics. In this presentation, the research team will detail 
the multifaceted economic approach used. Specifically, a partial equilibrium multi-market model evaluated 
producer and consumer welfare impacts to the agricultural sector resulting from unintentional releases of 
FMDv. Costs and disruptions to the non-agricultural activities were estimated using an Input-Output model 
and costs of response (e.g. surveillance, quarantine, euthanasia, etc.) were calculated. Preliminary results 
(approved for release by DHS) and associated conclusions will be presented.
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Enhancing passive surveillance: an economic evaluation of alternative methods
Gilbert, W.1, Häsler, B.1, Rushton, J.1, Flood, T.2, Hoinville, L.2, Brouwer, A.2 and Tearne, O.2, 1Royal 
Veterinary College, United Kingdom, 2Animal Health and Veterinary Laboratories Agency, United Kingdom; 
wgilbert@rvc.ac.uk

Surveillance for new and re-emerging animal disease in England and Wales is based on post-mortem and 
laboratory investigation of diagnostic submissions to the Animal Health and Veterinary Laboratories Agency 
and the systematic analysis of submission data; the aim, to provide early warning of animal disease events. 
This surveillance system is passive, based on the voluntary submission of carcase and sample material to a 
laboratory network, with submission rates encouraged by partial subsidy. Recent stricture on Government 
spending has driven investigation of methods to provide surveillance on a reduced budget with no loss of 
efficacy. Complementary generic economic and compartmental epidemiological models were developed 
using parameters defined by real-world data to assess the effect of changes in resource allocation. The 
models were applied to a BSE-like syndrome with zoonotic potential, and the national economic impact 
measured relative to a baseline of current surveillance for two scenarios: (1) subsidised carcase collection, (2) 
integration of database entries generated by telephone consultation between state and private veterinarians. 
Stochastic economic models were run as Monte-Carlo simulations with 10000 iterations and sensitivity 
analysis performed to identify key input parameters. Mean undiscounted net values for both scenarios 
were positive, ranging from 4 to 7 million pounds. Mean cost per infected animal saved was £338 and 
£153 respectively, and cost per infected carcass removed from the food chain was £475 and £217. Both 
scenarios therefore provided good value for money. The integrated modelling approach presented facilitates 
understanding of the economic efficiency of passive surveillance and highlights critical factors in the on-farm 
decision making processes which underlie disease reporting. The generic nature of the approach allows its 
application to a wide range of diseases and scenarios.

The economics of animal health surveillance: translating principles into practice: a case study from 
Switzerland
Häsler, B.N.1, Howe, K.S.2 and Stärk, K.D.C.1, 1Royal Veterinary College, London, United Kingdom, 2Centre 
for Rural Policy Research, Exeter, United Kingdom; bhaesler@rvc.ac.uk

To inform their resource allocation decisions, the Swiss federal veterinary service required a practical tool 
for the economic assessment of animal health surveillance. Building on established economic concepts 
and criteria, a generic theoretical framework and practical guide were developed. It was shown that 
disease mitigation must be conceptualized as a three-variable process involving recovery of output losses, 
surveillance and intervention. Moreover, the relative contributions of surveillance and intervention resources 
must be investigated with regard to the substitution possibilities between them. The approach allows optimal 
net benefit accruing to society from allocating scarce mitigation resources to be identified. Applying the 
framework, policy makers have more comprehensive information about the economic efficiency of their 
resource allocation decisions than is possible with conventional cost-benefit or cost-effectiveness analysis. 
Having developed the framework and practical guide, the next step was knowledge transfer to analysts and 
decision-makers. An implementation strategy was proposed to representatives of the Swiss federal veterinary 
service. This included veterinary staff training in economics, the creation of decision frameworks that fully 
integrate economic criteria, communication and collaboration between epidemiologists, economists and 
decision-makers, and utilisation of research results. A training workshop was organised for researchers and 
government officials to explain the economic principles and to illustrate the practical use of the guide. In 
this paper, we report on the implementation process to date. Discussion focuses on impediments to applying 
economic efficiency criteria in practice, and difficulties encountered in communication and collaboration 
across disciplines and between policy makers. In conclusion, we suggest ways to make further progress in 
the light of experience gained.
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Assessment of the biosecurity risks posed by the poultry exhibition sector in Australia
Hernández-Jover, M., Schemann, K. and Toribio, J.-A.L.M.L., The University of Sydney, Australia; 
mhernandez-jover@csu.edu.au

Poultry exhibitors are perceived to pose a risk of disease introduction and spread due to the high frequency 
of movements of birds and the close contact between birds at poultry shows. This cross-sectional study 
assesses the biosecurity risks posed by poultry exhibitors in Australia. Interviews with 46 exhibitors at 
eight poultry shows and a postal survey were used to gather information on poultry exhibitors. Logistic 
regression was used to investigate associations between age, gender, location, number of birds and number 
of shows attended per year, with biosecurity and communication practices. A total of 357 (29.1%) exhibitors 
responded to the postal survey. Over 80% of all exhibitors kept less than 200 birds and did not have 
commercial poultry operations within 5 km of their property; while 68.0% reported having some small 
poultry keepers in their proximity. Despite most exhibitors (90.8%) having knowledge of some biosecurity 
principles; some of their practices could pose a risk for disease introduction and spread. For example 67.0% 
reported contact of wild birds with domestic birds and only 60.0% cleaned transport cages after each use 
and 40.6% isolated birds for over two weeks. Most exhibitors (75.0%) attended more than 5 shows per year, 
travelling long distances (up to 1000 km) to attend a show. Contact with veterinarians was low (23.1%), 
with younger exhibitors and women more likely (P<0.05) to contact a veterinarian than older exhibitors and 
men. Older exhibitors identified other poultry exhibitors and poultry clubs as useful sources of information; 
while, younger exhibitors and women were more likely to use internet and veterinarians to seek information 
on their birds (P<0.01). Findings from this study will be used to quantify the risk of disease introduction 
and spread among poultry exhibitors and identify those practices posing the highest risk. Additionally, 
results could support the development of an effective extension strategy to enhance biosecurity among this 
sector of the industry.

Biosecurity in pig herds is associated with production- and treatment-characteristics
Laanen, M.1, Persoons, D.1,2, Maes, D.1 and Dewulf, J.1, 1Ghent University, Faculty of Veterinary Medicine, 
Belgium, 2Pharma.be, Belgium; maria.laanen@ugent.be

It is generally assumed that biosecurity measures in pig production improve performance and health status 
of the pigs, and may thus decrease the need for antimicrobial treatments. However, limited quantitative 
data is available to support this hypothesis. In the present study, 95 randomly selected closed pig herds 
were visited to quantify the biosecurity status of the herd by means of a risk-based weighted biosecurity 
scoring system. This score ranges from 0 (= total absence of biosecurity measures) to 100 (= perfect 
biosecurity). During the same visit, data concerning herd-, farmer- and production-characteristics and the 
use of antimicrobials (quantified as treatment incidences) were collected. The external biosecurity score 
(measures preventing pathogens from entering the herd) was on average 65/100 (min 45; max 89), whereas 
the internal biosecurity score (measures reducing within-herd spread of pathogens) was on average 52/100 
(min 18; max 87). Herd size was positively associated with the external biosecurity score and a negative 
association was observed between the internal biosecurity score and the age of the buildings as well as the 
experience of the farmer. These results indicate that biosecurity is generally better implemented in larger 
herds, more modern facilities and by younger farmers. The overall, external and internal biosecurity score 
were positively associated with the daily weight gain and feed conversion ratio of fattening pigs (both 
P<0.01), indicating that in herds with higher biosecurity the production is also better. Whereas the internal 
biosecurity was negatively associated with treatment incidence (P<0.05), indicating an improved biosecurity 
is associated with a reduction of antimicrobial drug use. This study demonstrated clear associations between 
the biosecurity and both production and treatment characteristics in pig production.
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Developing rules of thumb for between-farm transmission and control of avian influenza, classical 
swine fever, and foot-and-mouth disease
Hagenaars, T.J. and Boender, G.J., Central Veterinary Institute of Wageningen UR, Lelystad, Epidemiology, 
Crisis organization and Diagnostics, Netherlands; thomas.hagenaars@wur.nl

Large epidemics of highly-pathogenic avian influenza (HPAI), foot-and-mouth disease (FMD) and classical 
swine fever (CSF) have struck livestock farming in a number European countries in the past 10-15 years. 
Analyzing the epidemic data, mathematical models of the between-farm transmission dynamics have been 
constructed that are now being used to assess the impact of control strategies against future epidemics. 
We review between-farm transmission probabilities estimated from recent epidemics in The Netherlands 
of CSF (1997/1998), FMD (2001) and HPAI (2003), and use these to make a comparison of these three 
diseases in terms of their between-farm transmission risks and the options for control by pre-emptive 
culling and emergency vaccination. The main epidemiological quantities determining the differences in 
transmission risk between these diseases are three: (1) the distance-dependent transmission probability; (2) 
the farm density distribution; and (3) the generation time of infection. In order to develop a rule of thumb 
for disease ‘controllability’ based on quantities 1 and 2, we develop a new approach to define and estimate 
critical farm densities. A second rule of thumb, specific for disease control using emergency vaccination, is 
based on comparing quantity 3 to the protection delay determined in vaccination-transmission experiments.

Bluetongue in Switzerland: an investigation modeling within-herd population dynamics, vaccination 
strategies and herd immunity
Bruce, M.1, Stärk, K.D.1 and Doherr, M.G.2, 1Veterinary Epidemiology and Public Health, Royal Veterinary 
College, United Kingdom, 2Veterinary Public Health Institute, Vetsuisse Faculty, University of Bern, 
Switzerland; mbruce@rvc.ac.uk

In 2006 Bluetongue virus serotype 8 (BTV8), a vector-borne disease of ruminants transmitted by Culicoides 
midges, was first reported in north-western Europe and spread rapidly, prompting many countries to 
initiate vaccination programmes. In order to implement an efficient vaccination programme, a thorough 
understanding of the host, the vector and the environment is required. To contribute to the understanding 
of BTV8 control in Switzerland, a stochastic compartmental model was developed to simulate within-
herd population dynamics and examine its effect on immunity levels after vaccination. This model was 
combined with the basic reproduction number to estimate the within-herd effective reproduction number, 
Re, for three Swiss farm-types: a dairy herd, a dairy herd with a suckler calf unit and a sheep flock. The 
results indicated that the high levels of immunity required to control BTV8 within a herd can be difficult 
to achieve. While annual vaccination reduced the Re in the two cattle herd types, it remained above one 
during the vector season at altitudes below 1500 meters. In sheep flocks, where the time of lambing varies 
yearly, Re is dependent upon the interaction of vaccination date, lambing date and vector season. Sensitivity 
analysis determined that the influential parameters for Re were (1) the probability of disease transmission 
from host to vector; and (2) the ratio used to convert midge trap numbers to the density of midges present 
on the farm. This is partly a reflection of the difficulty in determining the true value of these parameters. 
This study demonstrated that herd immunity levels and local climate have major implications for effective 
BTV8 control and suggests regional and farm-type specific strategies would be more appropriate than a 
uniform approach at the national level.
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The interaction of genetics and epidemiological processes in ovine footrot
Russell, V.N.L.1,2, Green, L.E.2, Bishop, S.C.1 and Medley, G.F.2, 1The Roslin Institute and R(D)SVS, 
University of Edinburgh, United Kingdom, 2University of Warwick, School of Life Sciences, United Kingdom; 
vinca.russell@roslin.ed.ac.uk

Footrot (FR) is a bacterial disease of sheep that is detrimental to welfare, adversely affects production, and 
can recur throughout life. Susceptibility is partly under genetic control and heritability estimates have been 
made using pedigree and phenotype data. However, true underlying heritabilities for genetically influenced 
traits are challenging to estimate because phenotypic variation between individuals depends on exposure, 
which itself is dependent on infection. Thus, heritability estimates differ at high and low disease prevalence 
because epidemiological processes interact recursively with genetic effects. To fully understand endemic 
diseases such as FR, and work towards long term solutions for control, genetics and epidemiology must 
be considered simultaneously. A stochastic, individual-based, simulation model of FR in a flock of 200 
ewes was developed that included flock demography, disease processes, bacterial contamination of the 
environment and host genetic variation for traits influencing infection and disease processes. Sensitivity 
analyses were performed using ANOVA to examine the contribution of unknown parameters to outcome 
variation. Infection rate and bacterial death rate were the most significant factors determining the observed 
prevalence of FR, and the estimated heritability of resistance. The dominance of infection parameters in 
determining outcomes implies that observational data cannot be used to accurately assess the strength of 
genetic control of underlying traits describing the infection process, i.e. resistance. Current work involves 
the implementation of epidemiological interventions (pasture rotation, selective culling, antibiotic treatment 
and vaccination) and genetic selection processes, to determine their effects on the incidence and prevalence 
of FR in a sheep flock.

Rs, a counterpart of the basic reproduction number in a seasonal context
Charron, M.V.P.1,2, Seegers, H.2, Langlais, M.1 and Ezanno, P.2, 1Université Bordeaux Segalen, UMR CNRS 
5251, IMB, Bordeaux, France, 2INRA, Oniris, LUNAM, UMR1300 BioEpAR, Nantes, France; 
maud.charron@oniris-nantes.fr

Arboviruses are responsible for vector-borne diseases of major concern in human and animal health. Their 
spread is seasonal in temperate regions, due to variation in host availability, such as for migratory birds, or 
vector availability, arthropod life cycle being governed by temperature and humidity. Virus transmission is 
reduced during the unfavourable season because of a lack of contact between hosts and vectors. However, 
virus persistence is observed during winter despite a dramatic reduction in vector abundance. Therefore, 
the effectiveness of control strategies against these vector-borne diseases should be evaluated in a seasonal 
context. The basic reproduction number, R0, the expected number of secondary cases generated by the 
primary case during its infection period when introduced into a fully susceptible population, enquires about 
the invasion ability of a pathogen in a host population. It is used commonly to evaluate the ability of control 
strategies to prevent disease spread, i.e. their ability to decrease R0 to below one. Nevertheless, numerically 
assessing R0 from models is a difficult task in a seasonal context due to likely large amplitude oscillations 
in vector population sizes transforming any numerical procedure into a ‘stiff’ problem. We propose a 
counterpart (RS) of R0 in a seasonal context. Our numerical calculation of RS is easy to implement and 
has been validated for a vector-borne disease model with a periodic transmission function. In addition, we 
propose to use simultaneously to RS another indicator of the epidemic risk, A*, the largest eigenvalue of the 
seasonal next-generation matrices defined over a period. We advise to use both these indicators to evaluate 
control strategies of the spread of any vector-borne disease for which the vector seasonality plays a major 
role in the disease spread and illustrate it by evaluating vaccination strategies to control bluetongue spread.

Session 03 Theatre 4

Session 03 Theatre 3



ISVEE – Book of Abstracts 2012 9

An outbreak of highly pathogenic avian influenza in domestic ostriches: the current situation in 
South Africa
Van Helden, L.S., Grewar, J.D., Dyason, E. and Koen, P., Veterinary Services: Western Cape, Animal Health, 
South Africa; lesleyvh@elsenburg.com

Avian influenza devastated the ostrich industry of South Africa in 2011, resulting in the cessation of exports 
of fresh ostrich meat to the European Union as well as the stamping-out slaughter of 37,000 ostriches, 
representing approximately 15% of the domestic ostrich population of the country. The outbreak also 
adversely affected 20,000 people who rely directly on the industry for their livelihood. The virus was first 
detected in March 2011, when birds on five relatively unconnected and geographically distant farms in 
the Oudtshoorn valley in the south-western region of the country tested seropositive for the H5 subtype. A 
highly pathogenic strain of avian influenza (HPAI) subtype H5N2 was isolated in April 2011 from one of 
these properties, and surveillance using serological and PCR techniques revealed a further 29 infected farms 
in the following three months, 13 of which were confirmed HPAI H5N2 positive using DNA sequencing 
of the H5 cleavage site. Despite subsequent efforts to contain the disease, using methods such as slaughter, 
movement control and declaration of an infected area, birds with positive H5 serology were still being 
detected on new properties in November 2011. Owing to the unique circumstances of this outbreak, and the 
interaction between several role-players: the National Department of Agriculture, Forestry and Fisheries; 
the Provincial Department of Agriculture; the Ostrich Business Chamber and private and state laboratory 
services, many challenges were encountered in the management of this disease outbreak campaign. This 
presentation will provide a brief overview of the situation to date.

Evaluating vaccination for foot-and-mouth disease control: an international study
Garner, G.1, Culver, F.2, Sanson, R.3, Stevenson, M.4, Forde-Folle, K.5, Roche, S.1, Birch, C.2, Rawdon, 
T.6, Rooney, J.5, Corso, B.5, Dube, C.7 and Owen, K.6, 1DAFF, Australia, 2AHVLA, United Kingdom, 
3AsureQuality, New Zealand, 4Massey University, New Zealand, 5USDA, USA, 6MAF, New Zealand, 7CFIA, 
Canada; Graeme.Garner@daff.gov.au

Vaccination is increasingly being recognised as an important tool for managing foot-and-mouth disease 
(FMD) outbreaks. However, there is considerable uncertainty, which is of particular relevance to previously 
free countries, as to when and how vaccination should be optimally used, and how vaccinated animals 
should be managed. The study is an international collaboration between modellers from Australia, New, 
Zealand, Canada, United States and United Kingdom, and uses a multi-model comparison approach to: 
The study uses four modelling platforms to compare a range of vaccination strategies with a standard 
control (no-vaccination) approach. Data from the 2010 UK FMD exercise, Exercise Silver Birch, is being 
used as the basis for the study. Key factors being investigated include vaccination approach (suppressive 
versus protective vaccination), timing (when vaccination is introduced), species vaccinated, priorities 
for vaccination and deployment methods, and resource issues. The work is strengthening international 
collaboration and providing a better understanding of the key issues and parameters influencing the 
effectiveness of vaccination as a control tool for FMD. The study aims to enhance the credibility of 
simulation modeling in disease control decision making. Findings will be used to: (1) support and develop 
more robust and acceptable policies for FMD control; (2) identify the conditions under which vaccination 
may offer significant benefits in controlling an FMD outbreak; (3) identify the key features and parameters 
that influence effectiveness of vaccination; (4) describe any differences between QUAD member’s models 
relating to policy decision making around vaccination effectiveness.

Session 03 Theatre 6

Session 03 Theatre 5



10 ISVEE – Book of Abstracts 2012

Sensitivity and specificity of ELISA and PCR tests for identifying Coxiella burnetii seropositive and 
shedder cows using Bayesian analysis
Paul, S.1, Toft, N.1, Agger, J.F.1, Christoffersen, A.B.2 and Agerholm, J.S.1, 1University of Copenhagen, 
Dept. of Large Animal Sciences, Denmark, 2Technical University of Denmark, National Veterinary Institute, 
Denmark; suman@life.ku.dk

The objective was to estimate sensitivity (Se) and specificity (Sp) of milk and blood antibody ELISA and 
milk PCR tests to determine Coxiella burnetii status in dairy cows. Milk samples from 454 randomly selected 
cows from 12 dairy herds were included in this study. At the beginning of the study, bulk tank milk (BTM) 
samples from each herd were tested for the level of C. burnetii antibodies using ELISA and the herds were 
stratified according to high and low antibody levels. Among the 454 cows, samples from 230 cows included 
both blood and milk and were tested by all three tests and milk samples from the remaining 224 cows were 
tested by PCR and ELISA. Se and Sp of the tests were estimated in absence of a gold standard using latent 
class modeling in Bayesian analysis assuming conditional dependency between the two ELISAs. Conditional 
covariance (COC) was calculated to validate this assumption. A scenario of combined cut off values for 
the three tests was evaluated. The best set of results was revealed at cut offs at 33 quantification cycles for 
PCR and at antibody level (S/P ratio) 30 for the ELISA tests. Se and Sp values and 95% posterior credibility 
interval (PCI) were: PCR: 0.87 (0.71-0.99) and 0.99 (0.95-1.00); Milk ELISA: 0.57 (0.48-0.67) and 0.88 
(0.84-0.93); Blood ELISA: 0.42 (0.31-0.53) and 0.86 (0.81-0.91). PCR Se and Sp were significantly higher 
than those of both ELISAs, and Se of milk ELISA was significantly higher than Se of blood ELISA, but 
without significant differences between their Sp estimates. Estimate of COC confirmed that the ELISAs were 
conditionally dependent in terms of both Se (COC 0.15; PCI 0.10-0.19) and Sp (COC 0.09; PCI 0.06-0.12). 
PCR quantification cycles ≥33 behaved constant and had higher Se and Sp than both ELISAs. Therefore 
PCR is considered a better test for identifying shedder cows.

Evaluating non statutory sampling schemes in red meat chemical residue surveillance in Northern 
Ireland
Courcier, E.A.1, Short, H.D.2, Kennedy, D.G.2, Price, P.1, Menzies, F.D.1 and Abernethy, D.A.1, 1Department 
of Agriculture and Rural Development, Veterinary Epidemiology Unit, United Kingdom, 2Agri-Food and 
Biosciences Institute, United Kingdom; emily.courcier@dardni.gov.uk

Residues in animal products have implications for consumers and international trade. Statutory testing 
for residues at slaughter is carried out as a result of Directive 96/23/EC (NRCP). This is supplemented in 
Northern Ireland with two non statutory random sampling schemes (Bovine Quality Assurance Scheme-
BQA and Pig Testing Scheme-PTS). PTS was set up to control the abuse of in-feed antimicrobials within 
pig production while BQA is aimed to increase the statistical robustness of statutory testing for cattle, as 
this testing has a underlying assumption that the prevalence is homogeneous throughout the Member State. 
Using 2010 data, we evaluated the performance of these sampling schemes by assessing the current scheme 
usage/results and estimated the effectiveness using two methods: a decision tree analysis and a simulation 
study. We estimated the animal level sampling sensitivity and the surveillance system sampling sensitivity. 
The ‘true’ prevalence of residues in slaughter pigs and cattle was then approximated using a Bayesian 
approach. Results from both schemes showed a low apparent animal prevalence in 2010 with 0.15% in 
PTS and BQA finding no positive animals in 2010. The animal level sampling sensitivity was low for both 
schemes-BQA=0.004/PTS=0.003. The ‘true’ prevalence of residue positive cattle and pigs were 0.3% and 
0.1% respectively. For a given year with a true prevalence of 0.1%, statutory testing would fail to find any 
positive pigs 91% of the time and positive cattle 35% of the time compared to <0.1% of the time for NRCP 
with PTS and 10% of the time for NRCP with BQA. Given the low ‘true’ prevalence, there should be a 
move towards a more cost effective targeted sampling approach for non statutory testing. Also the study 
highlighted the need for testing to match the current drug usage patterns within production.

Session 04 Theatre 2

Session 04 Theatre 1



ISVEE – Book of Abstracts 2012 11

Bayesian latent models with random effects to estimate test accuracies of six different serological 
tests for Brucella abortus
Hartnack, S.1, Lewis, F.I.1, Abernethy, D.A.2, Menzies, F.D.2 and Greiner, M.3,4, 1Section of Epidemiology, 
Vetsuisse Faculty, Switzerland, 2Veterinary Epidemiology Unit, Department of Agriculture and Rural 
Development, United Kingdom, 3University of Veterinary Medicine, Germany, 4Federal Institue of Risk 
Assessment, Germany; sonja.hartnack@access.uzh.ch

For bovine brucellosis, an important zoonotic disease occurring almost worldwide and causing production 
losses and public health concern, a perfect diagnostic test (‘gold standard’) is not available. Latent class 
models provide a potential approach to estimating diagnostic accuracy in the absence of a gold standard. The 
aim of the present study was to estimate test accuracies of six different serological tests for Brucella abortus 
originating from a field study of 19444 bovine samples tested with six different serological tests (SAT cut-off 
31 iu, CFT, RBT, iELISA, cELISA, EDTA cut-off 51 iu) – all of them EU approved – undertaken in Northern 
Ireland. Different combinations of five tests with uninformative prior distributions on key model parameters 
were investigated. Population prevalence was estimated using a hierarchical beta-binomial approach, that 
is the (true but unknown) prevalence on each individual farm was allowed to vary as a farm level random 
effect. Effects of two-way covariances between tests were assessed by formal model selection using DIC as 
the goodness-of-fit criterion. Models were fitted using Markov chain Monte Carlo estimation through JAGS 
software and the output analysed with the package coda within the software R. The ranking order of the 
posterior means of sensitivities remained constant across all models and all combinations tested (SAT>RB
T>EDTA>CFT>iELISA>cELISA). With the exception of SAT with a mean posterior estimate of 98.2, the 
other tests showed specificities of at least 99.9%. The estimated prevalence was 3.7% (95% CI [3.2;4.5]).

Serological surveillance for avian influenza infections in poultry: is the gold standard really ‘golden’?
Comin, A.1, Toft, N.2, Stegeman, A.3, Klinkenberg, D.3 and Marangon, S.1, 1Istituto Zooprofilattico 
Sperimentale delle Venezie, Italy, 2University of Copenhagen, Department of Large Animal Sciences, 
Denmark, 3Utrecht University, Department of Farm Animal Health, Netherlands; acomin@izsvenezie.it

Avian influenza (AI) control in areas at high risk of exposure should be centred on risk-based surveillance 
programs to promptly identify the infection in poultry populations. Diagnostic tests are fundamental to 
surveillance. Serological tests coupled with clinical inspection of poultry holdings are among the methods 
currently applied for low pathogenicity AI (LPAI) surveillance. Serological diagnosis of LPAI can be 
performed using different methods, yet the hemagglutination inhibition (HI) test is considered as the 
‘‘gold standard’’ for AI antibody subtyping. Although alternative diagnostic assays have been developed, 
in most cases their accuracy has been evaluated in comparison to HI test results, whose performance for 
poultry has not been properly evaluated. In this study, we estimated the sensitivity (Se) and specificity 
(Sp) of the HI test and six other diagnostic assays for the detection of AI antibodies in the absence of a 
gold standard. We applied a Bayesian version of Latent Class Analysis to compare the results of multiple 
tests from different study settings reported in the literature. The results showed that the HI test has nearly 
perfect accuracy (i.e. 98.8% Se and 99.5% Sp). It performed well in both chickens and turkeys yet was less 
accurate in experimentally infected poultry, compared to naturally infected. Blocking ELISA and the indirect 
immunofluorescence assay also performed very well. In conclusion, given its very high Se and Sp, the HI 
test may be effectively considered as a gold standard. However, in the framework of LPAI surveillance, 
where large numbers of samples have to be processed, the blocking ELISA could be a valid alternative to 
the HI test, in that it is almost as accurate as the HI test yet quicker and easier to automate.
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False attribution: bias in probabilistic source attribution models for Salmonella infections
Singer, R.S. and Mason, M.R., University of Minnesota, USA; rsinger@umn.edu

The objective of probabilistic food source attribution models is to quantify the relative contribution of 
specific foods to the overall burden of human disease. In 2004, Hald et al. developed a model to estimate the 
number of human salmonellosis cases annually from contaminated animal-food sources. In this model and 
other subsequent models based on the Hald model, the ability to accurately estimate the burden of illness 
associated with specific foods could be dramatically affected by the implicit assumptions of the models. A 
validation of these attribution models is necessary but challenging to perform. The objective of this study 
was therefore to simulate causal datasets of Salmonella infections in people derived from various food 
sources and then run a modified Hald attribution model to determine the accuracy of attribution. Factors 
such as differential Salmonella strain prevalence across food commodities, number of colonies selected for 
analysis from each sample, differences in consumption quantities across food commodities, and potential 
biases of Salmonella cultivation protocols were included in these simulations. The modified model was run 
in WinBUGS 14. In general, the attribution model attributed more cases to a particular source when the 
prevalence of Salmonella in that source increased, regardless of whether the actual number of cases ‘caused’ 
by that source increased. The potential bias of Salmonella cultivation methods had a dramatic effect on the 
accuracy of attribution. Accuracy increased asymptotically with increasing number of colonies analyzed per 
sample. Given these results, it appears that interventions based on attribution models could be misguided 
due to the fact that these models have not been validated and are sensitive to fluctuations in Salmonella 
distributions. Future versions of the models should account for potential biases inherent in the acquisition 
of the data that populate the models.

Within herd transmission and evaluation of the performance of clinical and serological diagnosis of 
foot and mouth disease virus during an outbreak in vaccinated cattle
Gonzales, J.L.1, Barrientos, M.A.2, Quiroga, J.L.3, Orozco, C.4 and Crowther, J.R.5, 1Central Veterinary 
Institute part of WUR and SENASAG (Bolivia), Netherlands, 2SENASAG, Bolivia, 3LIDIVET, Bolivia, 
4APHIS-USDA, Bolivia, 5Retired from FAO/IAEA Joint Division, Austria; pepevet2@hotmail.com

In 2000 Bolivia started a foot and mouth disease FMD eradication programme based on a mass vaccination 
campaign, control movement and clinical and serological surveillance. Guidelines for the implementation 
of such surveillance activities had been established intuitively and although these proved useful, better 
scientific evidence was needed to refine them. The objectives of this study were to evaluate 1) the diagnostic 
performance of clinical inspection and serological tests for detection of FMD virus non-structural proteins 
(NSP), and 2) the possible within-herd transmission of virus in vaccinated cattle. Data came from twenty 
three affected herds monitored during an epidemic of FMD type O in 2007. Clinical inspections were made 
regularly. All cattle from every herd were serum sampled one month after the last animal with clinical signs 
was detected. These samples were tested for the presence of antibodies against NSP of FMDV using the 
PANAFTOSA’s 3ABC-ELISA test and the EITB test. Data from clinical and serological diagnosis were 
analysed using a Bayesian model. Parameters such as the sensitivity Se and specificity Sp of the tests and the 
‘true’ prevalence p of FMD in the affected herds were estimated. The latter parameter was used to estimate 
the within herd reproduction ratio R of the virus. The Se of clinical inspections, the 3ABC-ELISA and the 
EITB tests were estimated to be 0.36, 0.87 and 0.92 respectively. The various estimated Sp’s; were 0.88, 0.93 
and 0.93 respectively. The within-herd prevalence of infected animals ranged from 0.06 to 0.91 and R from 
1.03 to 2.69. The estimates determined in this study can be used to refine current surveillance guidelines and 
inform simulation models for surveillance and control of FMD in vaccinated cattle populations.
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Risk of African swine fever introduction into the European Union through illegal importation of 
pork and products
Costard, S.1, Jones, B.A.1, Martinez-Lopez, B.2, Mur, L.2, De La Torre, A.3, Martinez, M.3, Sanchez-Vizcaino, 
F.2, Sanchez-Vizcaino, J.M.2, Pfeiffer, D.U.1 and Wieland, B.1, 1The Royal Veterinary College, United 
Kingdom, 2Universidad Complutense de Madrid, Facultad de Veterinaria, Spain, 3CISA-INIA, Research 
Centre in Animal Health, Spain; scostard@rvc.ac.uk

Diseases such as African swine fever (ASF), classical swine fever or foot-and-mouth disease have severe 
socio-economic impacts when introduced into new regions. The history of disease incursions in the European 
Union (EU) suggests that initial outbreaks were often due to illegal importation of meat and meat products, 
and that the EU’s surveillance strategy would benefit from decision-support tools for evaluating the risk 
of disease introduction through illegal imports. Due to the difficulty in quantifying illegal movements of 
animal products however, few studies have been conducted on this topic. We present an innovative risk 
assessment framework for disease introduction into the EU through illegal importation of meat products, 
using ASF as an example. The semi-quantitative model considered proxy indicators (PI), i.e. factors likely 
to influence the release of contaminated smuggled pork and pork products, and the exposure of the domestic 
pig population. PIs were weighted using expert opinion so as to reflect their influence on the risk of release or 
exposure. Suitable datasets available in the public domain or information easily obtained for all EU member 
states (MS) were identified for each PI, and their values across MS were categorized into scores from 0 to 
5. Release and exposure risk scores were obtained by weighted linear combination of the PIs’ scores and 
weights, and then converted into qualitative risk categories. The model identified differences in risk levels 
for EU MS with five MS at high or moderate risk of ASF release, two MS at high risk of exposure and 
twelve MS at moderate risk of exposure. The results highlight regions where illegal import is of particular 
concern, and might be useful to inform surveillance systems.

Good practice in conducting and reporting quantitative risk assessments: a problem-oriented 
approach
Greiner, M.1, Ernert, A.2, Gross, S.2 and Müller-Graf, C.2, 1Federal Institute of Risk Assessment, Berlin and 
University of Veterinary Medicine Hannover, Germany, Germany, 2Federal Institute of Risk Assessment, 
Berlin, Germany, Germany; Matthias.greiner@bfr.bund.de

Quantitative risk assessment (QRA) models are required in many risk analysis frameworks such as for 
example international trade with animals, animal products and food. QRA models aim at an evaluation 
of the risk of an adverse consequence (endpoint) associated with a given hazard and risk scenario. The 
use of QRA is governed by international guidelines, which encourage the use of stochastic (probabilistic) 
methods if suitable data are available for model parameterisation. The transparency of the risk model is an 
important pre-requirement for scientific review and mutual acceptability of QRA results by trading partners 
and competent authorities. Both the conduct and the review of QRA models require an interdisciplinary 
approach. A well-structured and comprehensive model documentation is often difficult to achieve in 
practice and a lack of clarity in the reporting of the evidence, the modelling concepts, model assumptions 
and results are not uncommon. Against this background, a tool in R (www.r-project.org) is currently 
developed that (1) guides the modeller through comprehensive and consistent model documentation; 
(2) ensures the identity between definition, implementation and documentation of the model; and (3) 
automatically generates a technical model documentation. The open source licence under which the tool 
is distributed guarantees transparency to the level of source code. The presentation summarises the stage 
of development and illustrates unique functions such as Bayesian domains within the scenario models 
using example applications. The tool is available from the author and information can be obtained from  
http://www.bfr.bund.de/en/rrisk__risk_modelling_and_auto_reporting_in_r-52162.html.
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Quantitative risk assessment of formal pig movements in eastern Indonesia and transmission of 
classical swine fever
Leslie, E.1, Cogger, N.2 and Toribio, J.A.1, 1University of Sydney, Veterinary Science Faculty, Australia, 
2Massey University, EpiCentre, New Zealand; eles2597@uni.sydney.edu.au

A quantitative risk assessment was conducted on formal pig movements across Nusa Tenggara Timur 
Province in eastern Indonesia to assess the likelihood of classical swine fever virus (CSFV) transmission 
between pigs. Pigs in this region have high cultural and economic importance with most held in smallholder 
herds of 1-2 sows. Classical swine fever, a highly contagious viral disease, was first confirmed in the province 
in 1998. Since its introduction, substantial losses have been reported with infection spreading to uninfected 
islands as recently as 2011. This risk assessment sought to identify pathways in the live pig market chain 
with the greatest risk of CSFV transmission and to assess the effect of mitigation measures to reduce CSFV 
transmission. A modular risk model approach was used considering only live pig to pig transmission. Data 
obtained from market and farmer surveys on West Timor, Flores and Sumba islands, published literature and 
expert opinion were utilised. A Monte Carlo simulation was performed with @Risk (Palisade) with 10,000 
iterations. Modules were divided based on market chain movement processes from village to market. Outputs 
included the number of infected and clinical pigs at market and the probability a market was infected with 
CSF. Mitigation strategies assessed were vaccination and pre-entry market inspection. The baseline model 
demonstrated that markets in West Timor and Sumba had the highest number of infected pigs. For market 
inspection to be effective, it needed to be strict with sensitivity >75% required to reduce the probability a 
market was infected. With increased vaccination coverage, there was a reduction in the number of infected 
and clinical pigs arriving at market. However, CSFV was not eliminated from the market environment. This 
work in combination with other analyses such as Social Network Analysis will be used to guide policy on 
CSF control in eastern Indonesia.

A comparative assessment of the risks of introduction and spread of foot and mouth disease among 
pig farms in Australia
Hernández-Jover, M.1, Schembri, N.1, Toribio, J.-A.L.M.L.1, Holyoake, P.K.2 and Martin, P.A.J.3, 1The 
University of Sydney, Australia, 2Department of Primary Industries Victoria, Australia, 3Department of 
Agriculture and Food WA, Australia; mhernandez-jover@csu.edu.au

Small-scale pig producers are believed to pose higher biosecurity risks for the introduction and spread of 
exotic diseases than the mainstream pig industry. This study is a comparative assessment of the risk of 
introduction and spread of foot and mouth disease (FMD) through different sectors of the pig industry: 
(1) large-scale producers (LS); (2) small-scale producers (<100 sows) selling at saleyards and abattoirs 
(SS-C); and (3) small-scale producers selling informally (SS-I). Exposure and consequence assessments 
were conducted using stochastic quantitative simulation modelling and sensitivity analysis, assuming the 
virus was introduced into Australia through illegal importation of infected meat. Input data were obtained 
from data-gathering exercises with pig producers, industry statistics and literature. Our findings suggest 
the likelihood of exposure to FMD is very low and similar for the three sectors of the pig industry; with 
swill feeding being the most likely exposure pathway. Spread of FMD from the index farm is most likely 
to occur through movement of contaminated fomites followed by movement of pigs and ruminants. The 
probability of FMD spread from SS-C (moderate) was higher than that from LS and SS-I (low), due to the 
lower disease knowledge and biosecurity practices, the high proportion of producers keeping ruminants and 
the multiple destinations of pigs off farm, among SS-C. However, trade of pigs through informal pathways 
could jeopardize animal traceability and control strategies. The probability of farmer detection and reporting 
and the presence of ruminants are the most influential input values in the models. This assessment provides 
insight into the relative magnitude of the biosecurity risks among the three sectors of the pig industry, which 
can support decisions on resource allocation for improving biosecurity in the pig industry.
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The risk of wild animals exposing domestic pigs to pathogens in Australia
Pearson, H.1, Lapidge, S.2, Hernández-Jover, M.1 and Toribio, J.-A.1, 1University of Sydney, Faculty of 
Veterinary Science, Australia, 2Invasive Animals Cooperative Research Centre, Australia; 
jenny-ann.toribio@sydney.edu.au

The objective of this project was to quantify the likelihood of pathogen transmission occurring from wild 
animals to domestic pigs in Australian piggeries. Specific pig pathogens of importance to the Australian 
pig industry were detected in European starlings (Sturnus vulgarus), rats (black rat Rattus rattus; brown 
rat Rattus norvegicus) and feral pigs (Sus scrofa) on or in close proximity to piggeries. These pathogens 
were Salmonella spp., Escherichia coli and Campylobacter spp. in European starlings; Brachyspira 
hyodysenteriae, Salmonella spp. and Lawsonia intracellularis in rats; and Leptospira spp., Brucella 
suis, Lawsonia intracellularis and Mycoplasma hyopneumoniae in feral pigs. Prevalence estimates for 
each pathogen were obtained and combined with additional information from a nation-wide survey of all 
commercial pig producing members of Australian Pork Limited, literature and expert opinion to assess the 
risk of exposure of these pathogens to domestic pigs. The exposure risk was quantitatively assessed using 
the OIE framework for import risk analysis and scenario trees, and described the pathways required for 
domestic pigs to become exposed to the relevant pathogens. The exposure assessment identified that rats 
posed the highest probability of pathogen transmission to domestic pigs on Australian piggeries and the 
pathogen most likely to be transmitted was L. intracellularis (median probability of 0.13). The sensitivity 
analysis identified the presence and high number of the wild animals on piggeries, as well as the wild animal 
access to pig environment, food and water as the most influential input parameters affecting the exposure 
risk for all three animal species. This study identifies the risk of disease transmission from wild animals to 
domestic pigs and those areas where mitigations strategies could be applied to reduce the risk.

A qualitative assessment of the risk for Rift Valley fever virus introduction into Spain
Sánchez-Vizcaíno, F., Martínez-López, B. and Sánchez-Vizcaíno, J.M., Complutense University of Madrid, 
VISAVET Centre and Animal Health Department, Spain; fernandosv@sanidadanimal.info

Rift Valley fever (RVF) is a vector-borne disease that may produce an important impact on the public and 
animal health in affected regions. In last decade, it has been considered a re-emerging disease with an 
increase on the number of outbreaks in the African continent, Madagascar, Saudi Arabia and Yemen. This 
situation has increased the concerns regarding the potential introduction in countries of the Mediterranean 
Basin such as Spain, where prevailing favourable climatic conditions may contribute to the spread of the 
disease and may challenge its rapid control. The aim of this study was to assess the risk for RVF virus 
(RVFV) introduction into Spain through different risk pathways and to identify the Spanish areas at highest 
risk for disease introduction. In order to achieve this goal, a qualitative risk assessment model was developed 
with data obtained from scientific literature, governmental and public sources and expert opinion. Pathways 
assessed were legal trade of ruminants and their products, entry of people and mechanical and wind-borne 
transport of RVFV or vectors. Several potential scenarios were evaluated to assess the impact that changes 
on the RVF epidemiological situation might have on the risk of entry into Spain. Model revealed that wind-
borne transport of RVFV-infected vectors is the route that poses the highest risk for RVF introduction into 
Spain. Specifically, there was a moderate risk for RVF introduction into Canary Islands from Mauritania 
by this pathway. Moreover, it has been estimated that, if RVF affects the Maghreb, especially Morocco, 
the risk for RVF introduction into Spain would increase, being particularly high in the Spanish provinces 
of Cadiz and Malaga, which hold high ruminant densities. The methods and results presented here may be 
useful to support the design of risk-based surveillance programs of RVF in Spain and, ultimately, to prevent 
and rapid control potential RVF outbreaks in the country.
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Longitudinal study for the presence of livestock-associated MRSA in piglets
Verhegghe, M.1,2, Pletinckx, L.J.3, Bekaert, M.4, Crombé, F.1,5, Haesebrouck, F.1, Butaye, P.1,5, Heyndrickx, 
M.1,2 and Rasschaert, G.2, 1Ghent University – Faculty of Veterinary Medicine, Department of Pathology, 
Bacteriology and Avian Diseases, Belgium, 2Institute for Agricultural and Fisheries Research (ILVO), 
Technology and Food Science Unit, Belgium, 3Catholic University College South-West-Flanders, Department 
HIVB, Belgium, 4Ghent University – Faculty of Sciences, Department of Applied Mathematics and computer 
science, Belgium, 5Department of Bacteriology and Immunology, Veterinary and Agrochemical Research 
Centre (VAR), Belgium; geertrui.rasschaert@ilvo.vlaanderen.be

On 4 closed pig farms, a longitudinal study was performed to determine the piglet colonization age and the 
effect of the sow status on the piglet status. Molecular typing was performed to detect the colonization origin 
and changes over time. The generated knowledge may help to develop intervention strategies to reduce 
the MRSA colonization in pigs. On farms A and B, MRSA was detected only occasionally in sows. The 
colonization rate in piglets increased remarkably at the end of the stay in the growing unit. On farms C and 
D, the MRSA colonization rate of sows and piglets was high from farrowing on. On all farms, a decrease 
in colonization was observed towards slaughter age. The overall colonization age of the piglets was 17.8 
days [11.5-25.6]. There was a significant effect of the sow MRSA status at farrowing on the piglet MRSA 
status (P<0.001). Molecular typing revealed the presence of one dominant type on farms A and B, whereas 
two or more on farms C and D. Sows did not always carry the same types as their offspring. In conclusion, 
the present study indicates that the sow status is of importance for the colonization of the piglets and should 
be included in remediating measures. However, the observed differences in colonization rates between the 
different farms complicate implementation of remediating measures on the farm. Molecular typing revealed 
that there is a certain dominance of MRSA strains within the animals and within a group of animals over time.

Profiling of MRSA positive dogs arriving at a veterinary teaching hospital
Van Balen, J., Nava-Hoet, R., Bateman, S., Hillier, A., Dyce, J., Wittum, T. and Hoet, A.E., The Ohio State 
University, College of Veterinary Medicine, USA; van-balen.4@osu.edu

Risk factors and the molecular profiles of Methicillin Resistant Staphylococcus aureus (MRSA) strains 
circulating in humans are well known. However, this information in canines is lacking even though MRSA 
has emerged as an important zoonotic and nosocomial pathogen in dogs. The objectives of this study 
were to identify risk factors associated with MRSA carrier dogs on their arrival at a veterinary teaching 
hospital, and to characterize any MRSA isolates recovered to create an epidemiological and molecular 
profile. A total of 435 dogs were enrolled in the MRSA active surveillance program upon arrival at the OSU 
Veterinary Medical Center over one-year period. Each enrolled dog was screened in multiple anatomical 
locations for the presence of MRSA and an epidemiological survey/medical history was obtained to identify 
potential risk factors up to 12 months previous to their admission. All isolates were characterized by 
antimicrobial susceptibility testing, SCCmec typing, PFGE typing and dendrographic analysis. Of 435 
dogs, 25 (5.7%) were MRSA positive, with the nostril the most commonly colonized location (18/25, 72%). 
Little molecular diversity was observed with 80% of the dogs (20/25) carrying MRSA strains classified 
as HA-MRSA (SCCmec type II/USA100). In addition, all MRSA strains were multiclass antimicrobial 
resistant. Dogs owned by veterinary students were 20.5 times more likely to be MRSA carriers (P<0.01). 
No other epidemiological variables related to the medical history, dog’s management, home environment, 
or other potential exposures were associated with MRSA carrier status. Interestingly, 4/25 MRSA carrier 
dogs were classified as clinically healthy. The presence of this pathogen in incoming patients without a 
specific epidemiological profile represents a risk to students, hospital staff, and other patients, and may 
result in contamination of the hospital environment.
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Epidemiological factors associated with variation of the HA, NA, and NS genes of H5N1 highly 
pathogenic avian influenza viruses isolated from birds in Romania in 2005-2007
Alkhamis, A.1, Perez, A.1, Yang, X.2, Howard, W.3, Brown, I.3, Batey, N.3 and Breed, A.3, 1Center for Animal 
Disease Modeling and Surveillance/University of California Davis, School of Veterinary Medicine, USA, 
2University of California Davis, Public health sciences, USA, 3Animal Health and Veterinary Laboratories 
Agency, United Kingdom; maalkamees@ucdavis.edu

Molecular characterization studies of a diverse collection of avian influenza viruses (AIVs) have 
demonstrated that AIVs’ greatest genetic variability lies in the HA, NA and NS1 genes. The objective here 
was to quantify the association between epidemiological factors and pairwise nucleotide variation in the HA, 
NA, and NS1 genes of 70 isolates of highly pathogenic avian influenza (HPAI) H5N1 collected from October 
2005 to December 2007 from birds in Romania. A mixed binomial Bayesian regression model was used to 
quantify the probability of nucleotide variation between isolates and its association with epidemiological 
factors. As expected for the three target genes, a higher probability of nucleotide differences (ORs>1) 
was found between: those viruses sampled from places at greater geographical distances from each other; 
viruses sampled over greater periods of time; and viruses derived from different species. However, a lower 
probability of nucleotide differences (OR<1) was detected in comparison of isolates from birds of different 
orders for the NA gene, compared to the HA and NS1 genes. The study quantifies the dynamics of evolution 
of H5N1 HPAI virus in bird populations, and will be useful in predicting the most likely genetic distance 
for any of the three gene segments of viruses that have not yet been isolated or sequenced based on space, 
time, and host species during the course of an epidemic

Epidemiological factors associated with FMDV serotype O genetic variability in Pakistan
Brito, B.1, Perez, A.1,2, Jamal, S.3,4, Belsham, G.3 and Rodriguez, L.5, 1Center for Animal Diseases Modeling 
and Surveillance, UC Davis, Medicine and Epidemiology, USA, 2CONICET, Argentina, 3National Veterinary 
Institute, Technical University of Denmark, Lindholm, Denmark, 4National Veterinary Laboratory, 
Islamabad, Pakistan, 5USDA/ARS Foreign Animal Disease Research Unit, Plum Island Animal Disease 
Center, USA; bbrito@ucdavis.edu

Most of the foot-and-mouth disease virus (FMDV) antigenic variation occurs within the P1 sequence, 
encoding the four capsid proteins VP1-4. Many of the emergent FMDV strains that caused recent epidemics 
in FMD-free regions emerged from the Indian sub-continent. Here, we quantified the extent to which 
epidemiological factors contributed to accumulated nucleotide (nt) variation of serotype O FMDV in 
Pakistan. We analyzed 82 FMDV O VP1 sequences from samples collected from 2005 through 2011; for 
27/82 samples, the VP2, VP3 and VP4 (VP2-4) sequences were also available. A Pearson’s coefficient 
correlation (r) of the changes in the VP1 and VP2-4 was computed to assess the hypothesis that VP1 
sequencing is sufficiently informative to quantify FMDV nt variation. Genetic (nt) changes in the VP1 
were strongly (r=0.99) associated with changes in the rest of the P1. Consequently, we used the 82 VP1 
sequences to construct a neighbor-joining tree and identify FMDV genetic clusters. A hierarchical linear 
model, using the nt distance to the earliest isolate in the cluster as the independent variable; time difference, 
spatial distance and species as fixed effects; and phylogenetic cluster as hierarchy was fitted to the data. Time 
and distance were significantly (P<0.01) associated with nt variation, whereas no significant association 
was estimated for species of isolation. Results suggest that the genetic variation observed in FMDV O in 
Pakistan is spatially-clustered and time-dependent, but it is not specific for species, which is consistent 
with the frequent multi-species outbreaks observed in Pakistan. These results will have impact on the 
implementation of vaccination campaigns in the region.
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Transmission of highly pathogenic H5N1 avian influenza in vaccinated and vaccinated poultry
Van Boven, M.1, Poetri, O.2, Koch, G.3, Stegeman, A.2 and Bouma, A.2, 1National Institute for Public Health 
and the Environment, Centre for Infectious Disease Control, Netherlands, 2Utrecht University, Faculty of 
Veterinary Sciences, Netherlands, 3Central Veterinary Institute, Netherlands; michiel.van.boven@rivm.nl

Vaccination against H5N1 highly pathogenic avian influenza is a potentially attractive option for prevention 
and control in regions where the disease is endemically present. Unfortunately, the effectiveness of 
vaccination is difficult to assess in the field, while vaccine potency studies have the inherent disadvantage 
that extrapolation of the results to protection against infection is problematic. Here we report results from 
experimental transmission studies with native Indonesian layer and broiler chickens. The analyses are based 
on a Bayesian inferential framework, enabling precise estimation of the parameters of interest (latent period, 
infectious period, transmissibility). Earlier results with the experimental transmission model showed that 
vaccination can effectively halt transmission, and that maternal antibodies may interfere with vaccination 
if chickens are vaccinated early in life. Here we add that seroconversion (determined by a fourfold or more 
increase in log HI titers) occurs frequently upon exposure in vaccinated chickens, but that virus shedding 
is rare or grossly suppressed. We discuss the implications for vaccination strategies in endemically affected 
areas.

Presence of different-origin Israeli acute paralysis virus not related with Colony collapse disorder 
in Spanish honey bees
Vicente-Rubiano, M., De Las Heras, A.I., Kukielka, D. and Sánchez-Vizcaíno, J.M., VISAVET center, Animal 
Health Department, Veterinary Faculty, UCM, Spain; marina@sanidadanimal.info

Depopulation and collapse of honey bee colonies continue being one of the most concerning challenges in 
worldwide apiculture and agriculture, since honey bees are the main pollinator of crops in USA and Europe. 
Since the appearance of this multifactorial phenomenon known as Colony Collapse Disorder (CCD) many 
possible causes have been evaluated, including viruses such as Israeli acute paralysis virus (IAPV). IAPV 
is a Dicistrovirus which was first described in 2004 affecting Israel colonies with heavy losses and whose 
importance derives from its association with CCD in the USA in 2007. However, this association has not 
been confirmed in other countries. The aim of this study is to assess the possible association between 
IAPV presence and CCD and to describe the origin of IAPV in Spain, the first honey producer in the 
EU. We sampled three important Spanish regions due to honey production (Valencia and Andalucía) and 
ecological relevance and situation (Navarra). An epidemiological survey was conducted to collect handling 
and sanitary data. Samples were analyzed for IAPV presence by RT-PCR. Positive IAPV samples were 
sequenced and a phylogenetic analysis was carried out using MEGA4®. In terms of results, absence of CCD 
in IAPV positive colonies dismisses possible associations between IAPV and CCD in Spain. Moreover, 
phylogenetic analysis showed two main lineages which suggest at least two differentiated origins of IAPV 
in this country. Navarra and Andalucía isolates were similar mainly to French isolates, which could be 
explained by proximity between regions, whereas the Valencia isolate was similar mainly to USA isolates, 
which is possibly explained by commercial trades. As conclusions, this study has confirmed the unlikely 
association of IAPV with CCD and the phylogenetic relationships of Spanish IAPV with specimens from 
other countries, which could serve to implement surveillance measures in the future.
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An ecological niche model of highly pathogenic avian influenza virus H5N1 occurrence in domestic 
poultry in Asia
Stevens, K.B. and Pfeiffer, D.U., Royal Veterinary College, Veterinary Clinical Sciences, United Kingdom; 
kstevens@rvc.ac.uk

The control of highly pathogenic avian influenza virus (HPAIV) H5N1 in Asia – a region of widely 
diverse agro-ecological and socio-economic systems – continues to present formidable challenges to health 
practitioners. However, the use of an ecological niche-based spatial modeling method – maximum entropy 
(Maxent) – may help to extend our understanding, and thus control, of the disease. The objective of this study 
was to model the risk of HPAIV H5N1 occurrence in domestic poultry in Asia. Maxent was used to assess 
the correlation between five variables and the occurrence of HPAIV H5N1 outbreak data. The contribution 
of each variable to the model was determined together with the general trend of disease risk across the values 
of each variable. A risk map delineated areas of high and low risk, each of which were in turn characterized 
with respect to the individual variables. The predictive accuracy of the model was excellent (area under 
the curve (AUC) 0.903). Two of the five variables together accounted for just under 85% of the variation 
in HPAIV H5N1 occurrence – densities of domestic waterfowl (50%) and humans (33%) – with proximity 
to areas suitable for rice-growing (7%), proximity to roads (7%) and chicken density (3%) accounting for 
the remainder. Areas with the highest predicted risk included Bangladesh, parts of Vietnam and central 
Thailand and most of Java. High-risk areas were characterized by high densities of domestic waterfowl 
and humans, medium-to-high chicken density and were close to roads and areas suitable for rice-growing. 
Conversely, low risk areas were generally characterized as having no domestic waterfowl, low human and 
chicken densities and were far from areas suitable for rice-growing. By allowing regions of different risk 
to be characterized with respect to predictor variables, Maxent can extend our understanding of HPAIV 
H5N1 and enables the optimization of finite resources in designing risk-based disease surveillance systems.

HPAI H5N1 virus from suboptimally vaccinated chickens was not transmitted to unvaccinated pen 
mates and not detected in environmental dust
Spekreijse, D.1, Bouma, A.1, Koch, G.2 and Stegeman, J.A.1, 1Utrecht University, Faculty of Veterinary 
Medicine, Netherlands, 2Wageningen University and Research Centre, Central Veterinary Institute, 
Netherlands; j.a.stegeman@uu.nl

Suboptimal vaccination is considered a risk for the control of Highly pathogenic Avian Influenza (HPAI), 
because it may result in birds protected against clinical disease that are still able to transmit the virus to birds 
in the same flock, or even to birds in other flocks (e.g. by dust). In this study we examined virus transmission 
among suboptimally vaccinated chickens and determined the amount of virus in dust originating from these 
birds. Groups of 10 chickens were formed and per group 5 chickens were vaccinated with either 1/3, 2/3, 
or none of the recommended dose. Two weeks post vaccination the vaccinated birds were challenged with 
HPAI H5N1 virus, and thereafter placed with the 5 unvaccinated birds. Tracheal and cloacal swabs were 
collected daily to monitor virus transmission, and the amount of virus in dust was determined. None of the 
vaccinated birds showed clinical signs post inoculation, whereas all birds in the non-vaccinated groups did 
and died. Vaccinated birds only shed virus via trachea, as cloacal swabs remained negative. The amount of 
virus detected in tracheal swabs was 104.5, 103.7 and 106.4 EID50 for the 1/3, 2/3 and non-vaccinated group, 
respectively. None of the contact birds in the vaccinated groups became infected, whereas all contacts to 
the non-vaccinated birds did. All dust samples collected in the vaccinated groups appeared negative in 
RT-qPCR; dust samples in the non-vaccinated group showed on average 102.8 EID50 per m2. This study 
showed that birds vaccinated with only 1/3 dose could be infected, but were unable to infect unvaccinated 
cage mates. Moreover, no virus was detected in dust collected around the cages. Possibly, the absence of 
cloacal shedding reduced deposition of viral particles via faeces and therefore reduced the amount of virus 
into the environment and transmission of virus to cage mates.
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The role of domestic ducks in the endemicity of highly pathogenic avian influenza H5N1 virus in 
Indonesia
Idris, S.1, Surya, W.D.2, Dewi, A.P.M.3, Azhar, M.1, Dunkle, S.3, Brum, E.3, Angus, S.3 and Schoonman, L.3, 
1Directorate General of Livestock and Animal Health Services, Indonesia, 2Center for Human Resource 
Development and Applied Technology, Indonesia, 3FAO ECTAD, Indonesia; syafrison.idris@yahoo.com

In some countries domestic ducks play an important role in endemicity of highly pathogenic avian influenza 
(HPAI), however, for Indonesia the role of domestic ducks in HPAI is not yet well understood. A cross-
sectional survey was conducted to determine the prevalence of HPAI H5 in unvaccinated duck flocks in 
two H5N1-endemic provinces in western Java. Samples were obtained from 194 farms and were tested 
using hemagglutination inhibition and PCR. The flock seroprevalence was 31.4% (95% CI 24.9-38.5%). 
Within positive flocks the prevalence was 7% (95% Cl 3.3-23.3%). The overall bird-level seroprevalence 
was 2.2%. Out of 194 farms surveyed, 29 farms (14.9%) tested PCR positive for influenza type A but only 
4 farms (2.1%) tested PCR positive for H5 subtype influenza. The within-farm virus prevalence in positive 
farms was low for both influenza A and H5 PCR. The flock prevalence for influenza A tended to be higher 
in nomadic flocks compared to stationary flocks. Farmers of positive duck flocks did not report any illness 
in the past indicating that apparently healthy ducks do seroconvert and shed virus. The survey shows that 
ducks can be a reservoir for H5 virus but shedding seems to be low. Low prevalence of HPAI in the ducks 
showed by this study was consistent with recent study in other part in Indonesia. Although the role of the 
ducks is not yet clear, it could be that they are rather indicators for the virus pressure in the area than that 
they play an active role in driving the endemicity of the disease in Indonesia.

Increase in low pathogenic avian influenza infections on poultry farms in the Netherlands
Van Der Goot, J.1, Verhagen, J.2, Gonzales, J.1, Backer, J.1, Bongers, J.1, Boender, G.1 and Koch, G.1, 
1Wageningen University and Research, Central Veterinary Institute, Netherlands, 2Nationaal Influenza 
Centrum, Erasmus Medisch Centrum, Netherlands; jeanet.vandergoot@wur.nl

Since Low Pathogenic Avian Influenza (LPAI) viruses have the potential to mutate to Highly Pathogenic 
Avian Influenza (HPAI) viruses, efforts are made to detect LPAI infections in poultry as early as possible. 
For this reason, a serological surveillance is in place in the Netherlands, testing all poultry farms 1-4 times 
a year, depending on farm type. In the last years the number of LPAI detections has dramatically increased: 
2 primary LPAI introductions were detected in 2006, 23 in 2011. Most infections were detected by the 
serological surveillance (56/69), and no obvious causes could be found for this increase: the surveillance 
was not intensified, the number of poultry farms did not change. Because wild birds are considered as the 
main reservoir of LPAI viruses, the number of wild birds and the LPAI virus prevalence in wild birds were 
also taken into account, but both were not increased. A publication based on part of these data shows that 
free range layer farms have a 11x higher change of becoming infected than indoor layer farms. Also turkey 
farms and duck farms have a higher risk of infection. Considering control measures we did a spatial analysis 
and a time analysis. The spatial cluster analysis on the LPAI positive layer farms identified two small 
regions in the Netherlands with a higher risk of LPAI introductions and one large region with a lower risk. 
There is an obvious peak in the detections in May and June (25/69). To make a link between the moment 
of detection and the introduction Monte Carlo simulations were performed using transmission parameters 
from LPAI virus infections in the field and in experiments. In this way it was estimated that an infection is 
detected 7.8-41 (minimal 3; maximal 70) days after introduction.
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Understanding foot-and-mouth disease virus transmission biology: identification of the indicators 
of infectiousness
Chase-Topping, M.E.1, Bankowski, B.M.2, Juleff, N.D.2, Gibson, D.2, Cox, S.2, Windsor, M.2, Reid, E.2, 
Howey, R.1, Barnett, P.V.2, Woolhouse, M.E.J.1 and Charleston, B.2, 1Centre for Immunity Infection and 
Evolution, United Kingdom, 2Institute for Animal Health, United Kingdom; margo.chase@ed.ac.uk

Foot-and-mouth disease virus (FMDV) causes one of the world’s most important infectious vesicular 
diseases of domesticated and wild cloven-hoofed animals. In ruminants, a common route of transmission is 
by direct contact between infected and naïve animals. Using quantitative data on the transmission biology 
of FMDV between cattle we previously reported on the relationship between the onset of clinical signs (any 
visible lesions or body temperature above 39.5 °C) and the transmission of FMDV. Animals are unlikely to 
transmit virus unless they show clinical signs, which is a period of time when virus is readily detectable in 
pharyngeal and nasal secretions and in aerosols. We therefore re-examined the data from our experimental 
transmission study using Nonmetric Multidimensional Scaling and Nonparametric Multiplicative Models 
in an attempt to determine predictors of the onset of clinical signs. Identification of the predictors of the 
onset of clinical signs should enable refinement of epidemiological models/methods to combat outbreaks.

Porcine Reproductive and Respiratory Syndrome virus (PRRSV) transmission rate is not constant 
with time-since infection: a serial transmission experiment
Charpin, C.1, Fablet, C.1, Mahé, S.1, Keranflec’h, A.1, Belloc, C.2, Cariolet, R.1, Le Potier, M.-F.1 and 
Rose, N.1, 1Anses, Laboratoire de Ploufragan-Plouzané, France, 2Oniris, INRA, LUNAM, UMR BioEpAR, 
France; christelle.fablet@anses.fr

The objective of this study was to estimate the time-dependent transmission rate of Porcine Reproductive 
and Respiratory Syndrome Virus (PRRSV) in experimental conditions. Relationships between this time-
dependent infectiousness and the evolution of virological parameters and antibody response were also 
assessed. Seven successive transmission trials involving a total of 77 specific pathogen-free piglets were 
carried out from 7 to 63 days post inoculation (DPI). PRRSV inoculated pigs were mingled successively with 
susceptible pigs at 7, 14, 21, 28, 42, 56 and 63 days post infection. Once mingled, they remained for 2 days 
with the seeders and were then returned to their original room to be monitored for PRRSV infection. The 
transmission rate defined as a function of time-since infection was modelled by maximizing the likelihood 
of the observed number of infections in each contact group. The PRRSV statuses of the inoculated and 
contact pigs were monitored until 63 days post-inoculation (DPI) using an in-house real-time RT-PCR in 
blood or nasal swabs to assess the PRRSV genome load. The infectiousness of inoculated pigs increased 
from 7 to 14 DPI and then decreased slowly until 42 days post infection (3, 7, 2, 1 and 0 pigs infected at 7, 
14, 21, 28 and 42 DPI, respectively). Using those data, the time-dependent infectiousness was modelled by 
a lognormal-like function with a latency period of 1 day and led to an estimated basic reproduction ratio, 
R0 of 2.6 [1.8, 3.3]. Virus genome in blood was detectable in inoculated pigs from 7 to 77 DPI, whereas 
the viral shedding was detectable from nasal swabs from 2 to 48 DPI. Infectiousness was mainly correlated 
with the evolution of the viral genome load in blood and the decrease of infectiousness corresponded to 
seroconversion time.
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A model for introduction & ensuing spread of a duck origin H5N3 low pathogenic avian influenza 
virus in chickens
Claes, G.1, Marché, S.1, Welby, S.2, Lambrecht, B.1, Dewulf, J.3, Van Der Stede, Y.2 and Van Den Berg, T.1, 
1CODA-CERVA, Belgium, 2CODA-CERVA, CVD-ERA, Belgium, 3Ghent University, Belgium; 
gecla@coda-cerva.be

Avian Influenza Virus (AIV) is found in numerous bird species throughout the world. Circulation of the 
virus within a susceptible population may lead to further adaptation to this host species. When different bird 
species come into contact, interspecific transmission of AIV may occur. In this study, a duck-origin H5N3 
LPAIV was used in inter- and intraspecies transmission experiments, performed in isolation units. In a series 
of interspecies transmission experiments, experimentally infected Peking Ducks were brought into contact 
with SPF chickens in either a direct (housed in the same isolator) or indirect (contact with feces or drinking 
water from infected ducks) way. In intraspecies transmission experiments, experimentally infected SPF 
chickens were brought into direct contact with susceptible SPF chickens. In all experiments, virus shedding 
from animals was followed-up by RRT-PCR analysis of oropharyngeal & cloacal swabs and reproduction 
ratios were estimated using serological data. Direct interspecies transmission experiments showed virus 
transmission and following R values: 1.46 [95% CI: 0.55-4.14; infected/susceptible ratio=12/12] and 0.76 
[95% CI: 0.10-5.49; infected/susceptible ratio=3/6]. Interestingly, indirect interspecies virus transmission 
was seen via infectious drinking water as 3 out of 6 SPF chickens were positive in AIV-specific antibodies, 
but was not seen via infectious duck feces. Conversely, intraspecies virus transmission between SPF chickens 
was not observed. This study demonstrates that direct or indirect contact between domestic poultry and 
infected wild birds is sufficient for the introduction of LPAIV in a domestic poultry holding. However, 
since it was not observed in this case, establishment of a wild bird-origin LPAIV that has been introduced 
in a domestic poultry holding may largely depend on the viral strain under consideration.

The association between transmission rate and disease severity for Actinobacillus pleuropneumoniae 
infection in pigs
Tobias, T.J.1, Bouma, A.1, Daemen, A.J.J.M.1, Wagenaar, J.A.2, Stegeman, J.A.1 and Klinkenberg, D.1, 
1Utrecht University / Faculty of Veterinary Medicine, Department of Farm Animal Health, Netherlands, 
2Utrecht University / Faculty of Veterinary Medicine, Department of Infectious Diseases and Immunology, 
Netherlands; T.J.Tobias@uu.nl

Infections can lead to variable course of disease between individuals, with subsequent variable 
consequences for the infectivity. In general, improved understanding of the variation in infectivity 
helps to understand the behaviour of outbreaks of disease and design effective control measures. In pigs 
Actinobacillus pleuropneumoniae causes respiratory disease and infectivity is highly variable. While 
subclinical infections are most prevalent, outbreaks of clinical disease occur occasionally. Knowledge of the 
association between clinical disease severity and infectivity could aid to better means of control. Pairwise 
transmission experiments were performed to investigate the role of disease severity on the transmission of 
A. pleuropneumoniae. Ten Caesarean-derived, colostrum-deprived pigs were inoculated intranasally with 
5×106 cfu of A. pleuropneumoniae strain 1536 and housed together with a contact pig. Clinical disease 
was scored and the course of infection was observed by selective bacterial examination of tonsillar brush 
and nasal swab samples. In 6 of 10 pairs transmission was observed. While variable clinical disease scores 
(CS) was observed in all inoculated pigs, CS in contact exposed piglets were low. CS was significantly 
associated with bacterial load in A. pleuropneumoniae positive pigs. Results showed that transmission rate 
was positively associated with the bacterial quantity in nasal samples, but negatively associated to CS. 
Finally CS in contact pigs was not associated to CS in the inoculated pigs. With respect to the evolution of 
outbreaks of A. pleuropneumoniae, we conclude that clinical outbreaks are not due to increased transmission 
of A. pleuropneumoniae.
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Comparison of transmission rates of Salmonella enteritidis between pair-housed and group-housed 
layer hens
Thomas, M.E.1,2, Bouma, A.1,3 and Klinkenberg, D.3, 1Present affiliation: Ministry of Economics, Agriculture 
and Innovation, Netherlands, 2Institute for Risk Assessment Sciences, Utrecht University, Veterinary 
Public Health, Netherlands, 3Faculty of Veterinary Medicine, Utrecht University, Farm Animal Health, 
Netherlands; d.klinkenberg@uu.nl

A major aim of transmission experiments is to estimate transmission rates, which can be used in mathematical 
models to evaluate surveillance or control programmes. Although animals are usually housed in groups, 
transmission experiments are often performed with pairs. This design increases the number of independent 
observations, but may reduce the accuracy of the estimate: the contact process in pairs or groups may 
be different, resulting in different transmission rates. The aim of this study was to compare results of 
transmission experiments in pairs and groups of laying hens. In 60 experimental groups of 2 hens (pairwise 
experiments), and 3 groups of 200 hens (group experiments), we inoculated 1 and 4 hens with Salmonella 
Enteritidis, respectively. The hens were housed at similar densities. Regular fecal samples were taken to test 
for the presence of S. Enteritidis, indicating excretion and colonization. Transmission parameters estimated 
from the pairwise experiments were used for simulations of the group experiments, which were compared 
to the actual experimental results. Although differences in dynamics (eg, prevalence in time) were observed, 
we can show that these differences were more likely due to differences in properties of diagnostic tests than 
to differences in transmission rates. This finding suggests that the transmission parameter estimates from 
small-scale experiments might indeed be extrapolated to the field situation.

Quantification of the effect of physical separation of pigs on spread of Streptococcus suis
Dekker, C.N.T.1,2, Bouma, A.2, Daemen, A.J.J.M.2, Klinkenberg, D.2, Van Leengoed, L.A.M.G.2, Wagenaar, 
J.A.1 and Stegeman, J.A.2, 1Utrecht University, Faculty of Veterinary Medicine, Department of Infectious 
Diseases and Immunology, Netherlands, 2Utrecht University, Faculty of Veterinary Medicine, Department 
of Farm Animal Health, Netherlands; c.n.t.dekker@uu.nl

Streptococcus suis infections are common in swine herds, resulting in abundant use of antibiotics and 
economic damage. Control of the disease might be achieved by reduction of spread of S. suis by physical 
separation of groups of pigs. The aim of this study was to quantify transmission of S. suis among pigs 
which had either direct or indirect contact with each other. In three replicate experiments, pigs were 
housed in boxes either pair-wise (direct transmission; n=50) or alone (indirect transmission; n=15). Stable 
units contained 2-4 pairs, and 1-3 single housed pigs. The distance between the boxes was ± 1 meter. At 
7 weeks of age, one pig in each pair was inoculated intranasally with S. suis serotype 9. Colonization was 
monitored in all pigs for 4 weeks post inoculation by taking tonsillar brush and saliva swab samples that 
were cultured on selective media. All directly exposed pigs became colonized within 2 days after exposure. 
Thirteen indirectly exposed pigs became positive within 7-25 days after exposure. For direct transmission, 
a standard SIR model was used to estimate the transmission rate βdir (3.58, 95% CI: 2.29-5.60). For indirect 
transmission, a model with linearly increasing infectivity of infectious animals (representing, for instance, 
accumulation of S. suis in the environment) fitted better than the standard model. The results show that 
physical separation of an infectious and a susceptible pig over ±1 meter results in a mean time to infection 
of 39 days (95% CI: 30-51), compared to 0.28 days (95% CI: 0.18-0.44) when housed together. We conclude 
that keeping pigs separated might be an effective intervention measure to reduce horizontal transmission 
of S. suis within stables.
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Use of monthly collected milk yields for the detection of vector borne emerging diseases: a simulation 
based approach
Madouasse, A., Marceau, A., Lehebel, A., Peroz, C. and Fourichon, C., UMR1300 INRA/ONIRIS, Biologie, 
Épidémiologie et Analyse de Risque en santé animale, France; Aurelien.Madouasse@oniris-nantes.fr

Two vector borne diseases, caused by the bluetongue and Schmallenberg viruses, have emerged in the 
European cattle population during the past 10 years resulting in high costs for the industry. The emergence 
of such diseases cannot be predicted, and the mitigation of their impact can rely on an early detection. A 
decrease of milk production is a non specific symptom associated with some diseases that can be incorporated 
in an early detection system. Cow milk yield is routinely collected on a monthly basis as part of the different 
milk recording schemes available throughout Europe. The aim of this project was to evaluate the ability of a 
space-time scan statistic to detect in real time the emergence of a vector borne disease through the simulation 
of its propagation and effects on milk production. Milk recording data collected in France between 2003 and 
2006 were available. The years 2003 to 2005, before the bluetongue virus outbreak, were used to determine 
expected milk productions in the absence of disease. A range of plausible patterns of spread (speed of 
propagation, daily proportion of cows affected within a herd) and effects (rate and duration of decrease in 
milk production) were used to simulate the spatio-temporal propagation of a disease and its effects on the 
milk productions observed in 2006. Disease simulation was performed in R. Clusters of deviations from 
the expected yields were detected at the municipality-week level using SaTScan. The ability and timeliness 
of a space-time scan statistic to detect a disease emergence according to its propagation characteristics and 
impact on milk production will be presented.

Use of blood samples of aborting cows for early detection of (emerging) infectious diseases
Brouwer, H., Bartels, C.J.M., Van Wuijckhuise, L. and Van Schaik, G., GD, Animal Health Service, Research 
and Development, Netherlands; h.brouwer@gddeventer.com

The objective of this study was to evaluate to what extent syndromic surveillance on the number of blood 
samples of aborting cows can contribute to early detection of (emerging) diseases in the Dutch cattle 
population. Elevations in time and/or space of the number of samples that were submitted for brucellosis 
monitoring (2007-2011) were investigated using linear regression and retrospective and prospective space-
time cluster analysis. For the linear regression the number of samples per week was set as the dependent 
variable and seasonal differences in submissions were modelled with a sine/cosine function. The number 
of expected submissions was compared with the number of observed submissions. A threshold for an 
elevation of blood samples was set at 5% weeks with the highest difference between observed and expected 
submissions. In addition, a threshold for follow-up actions to determine the cause of the alert was set when 
two or more elevations occurred within four weeks. A retrospective cluster analysis was carried out to 
detect elevations of blood samples in time and space. Finally, a prospective cluster analysis was carried out 
for each week in 2010 to simulate a situation in which the syndromic surveillance would be operational. 
For the latter two analyses, the space-time permutation scan statistic was used. Data were aggregated per 
week and per 2-digit postal code. A result was considered significant at the 1% level. The sensitivity of the 
methodologies was determined for the bluetongue (2007) and schmallenberg (2011) virus epidemic. All 
methods detected these diseases that increased the number of abortions and thus the number of submitted 
blood samples. However, only prospective space-time analysis could contribute to early detection, relative 
to the other surveillance components that are in place.
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The surveillance paradigm: ‘perceive an epidemiological reality through non reliable data’, the case 
of H5N1 wildfowl outbreaks in Europe
Pereira, H.1,2, Artois, M.1,2 and Bicout, D.2, 1WildTech EU project, WorkPackage epidemiology and risk 
analysis, France, 2VetAgro Sup, Campus Veterinaire de Lyon, France; marc.artois@vetagro-sup.fr

Often, the only quantitative available data on the spread of a pathogen are those from surveillance. These 
data are diverse, sometime incomplete and biased. In this communication we describe a method to overcome 
the heterogeneity of cases of HPAIV H5N1 infection amongst wild bird population in Europe. This approach 
consists of grouping several cases according to a spatio-temporal criterion by smoothing the edges of the 
affected areas, thus forming a ‘case focus’. Using the concept of ‘case focus’, we described the spread of 
outbreak waves of HPAIV H5N1 in Europe between 2005 and 2010 and we studied the performance of the 
passive surveillance in wild birds in 2009 and 2010. Of the 628 reported cases (outbreaks) obtained from 
the World Animal Health Organisation information database (WAHID, OIE), we observed 300 ‘case foci’ 
in a first wave (01/10/2005 to 31/08/2006), 41 in a second wave, (01/09/2006 to 31/08/2007) and 10 ‘case 
foci’ for a third wave (01/09/2007 to 30/06/2010). The largest ‘case focus’ was observed during the second 
wave recorded in Germany, with a total of 101 cases; only sporadic cases were noted in a third wave. We 
discuss the power and representativeness of the data. As well as the descriptive study of the outbreak waves, 
the analysis of the surveillance performance showed distinct patterns for the successive waves and inform 
on the advantage or limitation of the current way of surveying wild bird infection by HPAIVs.

A national risk assessment tool for emerging and re-emerging zoonoses
Wang, S.1, Morris, R.S.2 and Stevenson, M.3, 1World Bank, China, 2MorVet Limited, New Zealand, 3Massey 
University, EpiCentre, New Zealand; roger.morris@morvet.co.nz

The global economic and social impact of spread of emerging and re-emerging zoonoses has been 
enormous, and has not necessarily been closely correlated with the severity of disease effects. Part of 
this is the uncertainty about how severe the disease will be and how far and fast it will spread, which 
leads to widespread concern in the global community and inhibits balanced decision-making. A software 
tool is being developed to allow countries to make frequent assessments of novel disease threats and 
determine appropriate surveillance. The tool is called SARStrend – Surveillance And Response Strategy 
for Emerging Diseases. When a disease of potential concern to a country is identified elsewhere, available 
epidemiological information about the disease is collated and a list of putative risk factors prepared. The 
disease is then categorised into one of a limited number of ‘epitypes’ – diseases which are broadly similar 
in their epidemiological determinants. The list of factors to be used in subsequent steps is then refined. A 
risk map is prepared for the country using remotely sensed data combined with available demographic and 
other data of possible importance for this disease. This risk map is used to formulate potential surveillance 
strategies for the disease, and these strategies are compared for suitability and expected benefit by simulating 
an outbreak of the disease using the spatial model InterSpread-H, assessing the expected effects on human 
and animal health, and measuring the detection efficiency of different surveillance strategies to either 
confirm freedom from the disease, or to support control efforts. InterSpread-H models animal disease in 
a spatially defined population, estimates numbers of human cases, and assesses the economic benefit of 
different response strategies. This information can first be used to guide an initial response and dampen 
community concern, then the assessment can be conducted iteratively as new information becomes available.
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Measuring association between location of human cases in a food borne outbreak and distribution 
of food products to identify potential sources of infection
Norström, M.1, Görlach, F.S.1, Kristoffersen, A.B.1, Nygård, K.2 and Hopp, P.1, 1Norwegian Veterinary 
Institute, Norway, 2Norwegian Institute of Public Health, Norway; madelaine.norstrom@vetinst.no

In 2006, Norway experienced an outbreak of hemolytic uremic syndrome caused by enterohemorrhagic 
Escherichia coli O103. A total of 17 patients from 16 households were identified from January to March. 
The outbreak investigation was complicated and it took 4 weeks from the alert was raised until cured 
sausage was identified as the source of the outbreak. The aim of this study was to develop a tool that analyze 
information on patient distribution and distribution of food products to give a quantitative measure for rating 
the food productsaccording to their probability of being the source of the outbreak. The study used data 
from the HUS outbreak in 2006. A tool for calculating measures of association between the distribution of 
human cases in a food borne outbreak and the distribution pattern of food products being potential sources 
of the outbreak was developed. The tool uses the geographical location and time of the human cases and 
information on when and where the food productswere delivered to retail shops as input data. All analysis 
was performed with municipality as the unit of concern. Two measures for association were applied, the 
first were based on Pearson’s correlation, the second on the amount of product delivered to municipalities 
associated with HUS-cases. Thereafter an index value based on both measures was calculated. The model 
ranked the source product among the 5% most probable products. This type of analyses is useful in order 
to focus the outbreak investigation on the most probable products, and exclude products that are unlikely 
to be the source based on time and geographical distribution.Further work should be done in this area to 
refine the model and test on other outbreaks

The monitoring and surveillance system (MoSS): external validation
Behaeghel, I.1,2, Aerts, V.3, Lebrun, M.4, Van Der Heyden, S.1 and Dispas, M.1, 1CODA-CERVA, Belgium, 
2Ugent, Belgium, 3DGZ, Belgium, 4ARSIA, Belgium; isabelle.behaeghel@coda-cerva.be

Because of the constant threat of emerging diseases, there is an increasing interest in animal surveillance 
systems. After the Bluetongue outbreak in 2006, the Monitoring and Surveillance System MoSS, an online 
multilingual web application for the early detection of (re)-emerging animal diseases, was designed and 
developed. Veterinary practitioners are encouraged to enter a clinical description of any atypical case they 
encounter into the MoSS-webpage. All records are compared with each other and are aggregated through 
a hierarchical clustering process when they show a similarity of at least 55%. As a focal point to share 
information between veterinary practitioners and experts, the MoSS should help to shorten the time between 
the onset of disease and the identification of the causative agent. To assess the functionalities of the MoSS, 
a crisis scenario was designed and simulated whereby two clusters of different diseases were expected to 
appear. Nine veterinarians recorded a total of ten cases of avian pox, ten ‘Schmallenberg’-like cases in 
bovines and eight other atypical cases that served as background ‘noise’. The two expected clusters were 
timely detected. For both clusters, the system selected the most appropriate experts by comparing their 
individual profiles with the information provided in each record of the cluster. This simulation exercise 
was also designed to test additional functionalities of the website: launching expertises with corresponding 
forums, text and electronic file exchange in the forum, management of leadership of expertises, challenging 
the Email procedure and stressing the specific website administrator’s environment. No significant problems 
were reported during the simulation. Only the Email procedure was impeded by ‘spam blockers’. Messages 
were released by whitelisting of the system’s Email server. One can conclude that the MoSS is now fully 
operational and can be used at large scale.
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An on-farm intervention for VTEC 0157 in cattle: the story so far
Oliva-Abascal, R.1, Adam, K.1,2, Evans, J.1, Webster, C.1, Mckendrick, I.3, Gunn, G.1 and Tongue, S.1, 1SAC, 
Epidemiology Research Unit, United Kingdom, 2Royal Veterinary College, United Kingdom, 3BIOSS, United 
Kingdom; sue.tongue@sac.ac.uk

Escherichia coli O157 infection of cattle is of considerable public health concern. Infection in humans, by 
either foodborne or environmental routes, can cause a range of clinical disease from diarrhoea and stomach 
cramps to potentially fatal complications. Children and the elderly are particularly at risk. In Scotland, one 
in five herds of cattle is estimated to be infected and over 200 human cases are reported each year. Hygiene 
measures have been put in place by food producers and suppliers with a subsequent reduction in the number 
of foodborne cases. The focus of attention has, therefore, moved to control of environmental contamination 
and measures that could be applied if a group of animals is identified as infected. A small percentage of 
cattle intermittently shed high levels of the bacteria in their faeces when an area in the rectum is infected by 
E. coli O157. Experimentally it has been shown that the bacteria can be effectively controlled by washing 
out the rectum with a disinfectant solution. Can this technique be practically translated to the field? After 
promising results from a pilot study on two farms in the winter of 2008-2009, a larger scale study is in 
progress. Selected beef finishing units are screened via faecal pat samples to establish the baseline levels 
of E. coli O157. Cattle are individually sampled and allocated to a treatment or control group. Follow-up 
consists of monthly collection of faecal pat samples from the pens until the animals are sold. Eleven farms 
have been involved in the project so far. The third season of sampling is in progress (11/12) with completion 
due in Spring 2012. We present the outcome so far.

Epidemiology of Shiga toxin-producing Escherichia coli (STEC) in finishing swine
Tseng, M.1, Fratamico, P.2, Manzinger, D.2, Garman, B.2 and Funk, J.1, 1Michigan State University, College 
of Veterinary Medicine, East Lansing, MI, USA, 2United States Department of Agriculture, Agricultural 
Research Service, Eastern Reginal Research Center, Wyndmoor, PA, USA; tsengmar@cvm.msu.edu

Every year, approximately 200,000 cases of illness are estimated to be associated with Shiga toxin-producing 
Escherichia coli (STEC) in the United States. STEC strains are one of the leading causes of hemorrhagic 
colitis (HC) and hemolytic uremic syndrome (HUS) in humans. Many STEC outbreaks are attributed to food 
contaminated by animal feces. Notably, some human cases of STEC O157:H7 and non-O157 infections have 
been associated with pork products. To this date, little is known about swine STEC. We have conducted a 
prospective cohort study to achieve our objectives: to provide the first longitudinal descriptive epidemiology 
of STEC shedding in US finishing swine and to characterize swine STEC isolates. Three cohorts of pigs from 
one production company were included. In each cohort, 50 pigs were randomly selected and individually 
identified. Fecal samples were collected from each pig once every two weeks throughout the 16 weeks of the 
finishing period (eight samples/pig). Fecal samples were assayed for STEC by enrichment (10 min in TSB, 
pH 3 followed by incubation for 15 h in TYTP at 41 °C) followed by DNA extraction and the polymerase 
chain reaction (PCR) targeting the Shiga toxin genes (stx) and the intimin protein gene (eae). Shiga toxin 
gene-positive enrichments were plated onto ChromAgar STEC. Presumptive STEC isolates were recovered, 
confirmed by PCR, and serotyped. At the time of submission, STEC isolates were recovered at least one time 
from 90% (45 out of 50) of the pigs in cohort one, 98% (48 out of 50) in cohort 2, and 86% (43 out of 50) 
in cohort 3. STEC were isolated from swine in this study at relatively high incidence rates with variability 
of shedding over time and between cohorts. These data will be critical to fill in current gaps in swine STEC 
epidemiology and determine the association between STEC in swine, pork, and humans.
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Multilevel analysis to evaluate the association between environmental thermal parameters and 
Salmonella shedding in finishing pigs
Pires, A.1, Funk, J.1, Manuzon, R.2 and Zhao, L.2, 1College of Veterinary Medicine, Michigan State University, 
Large Animal Clinical Sciences, USA, 2The Ohio State University, Department of Food, Agricultural and 
Biological Engineering, USA; piresald@cvm.msu.edu

The objectives of this study were to evaluate the association between the thermal environment at the barn 
and Salmonella status in finishing pigs and estimate the proportion of total model variance attributable 
to cohort, pig and individual sample level effects. For these purposes, individual fecal samples from 800 
finishing pigs (8 collections per pig) were collected from 16 cohorts (50 pigs per cohort) in 3 sites of a 
multi-site farrow-to-finish production system in a longitudinal study. Pen temperature and humidity were 
measured every 2 minutes during the study period. The thermal parameters of interest were: hourly average, 
highest lagged, hourly variation and lowest lagged temperatures at the pen level prior the sampling for 6 
time periods (12 h, 24 h, 48 h,72 h, 1 week and 1 month). Additional potential risk factors at the individual 
(e.g. gender, health events, mortality), cohort (e.g. production) and pen level were also evaluated. Multilevel 
logistic models using generalized linear models, with random intercepts at pig and cohort levels to account 
for clustering (individual samples nested within pigs, pigs nested within cohorts) were constructed. The 
outcome variable was Salmonella status of the individual sample. Salmonella was isolated from 431 (7.12%) 
of 6054 individual fecal samples. Overall incidence of Salmonella was 22% (176/800). Hourly average, 
high lagged and lowest lagged temperatures prior the sampling period, pig health status, pen category and 
age were associated with Salmonella pig status in the univariable analysis (P<0.25). The largest proportion 
of variance was associated with individual fecal sample (45.43%) followed by cohort (28.8%) and pig 
level (25.77%). Multivariable analyses are being conducted at this time. These preliminary results suggest 
thermal environment is associated with Salmonella shedding in finishing pigs.

Simulation model of vaccinating cattle against STEC O157 for pre-harvest food safety
Vogstad, A.R.1, Moxley, R.A.1, Erickson, G.E.2, Klopfenstein, T.J.2 and Smith, D.R.1, 1University of Nebraska-
Lincoln, School of Veterinary Medicine and Biomedical Sciences, USA, 2University of Nebraska-Lincoln, 
Department of Animal Science, USA; dsmith8@unl.edu

Pens of cattle with high Escherichia coli O157:H7 (STEC O157) prevalence at harvest may present greater 
risk to food safety than pens of lower prevalence. Vaccination against STEC O157 reduces STEC O157 
prevalence in live cattle. Our objective was to create a stochastic simulation model (@Risk, V 5.7.1), to 
compare STEC O157 prevalence distributions for summer- and winter-fed cattle to summer-fed cattle 
immunized with a 3-dose regimen of Type III secreted protein (TTSP) vaccine. Model inputs were an 
estimate of vaccine efficacy, observed frequency distributions for number of animals within a pen, and pen-
level fecal shedding prevalence for summer and winter. Uncertainty about vaccine efficacy was simulated 
using a log binomial distribution from a previous performed meta-analysis of four randomized controlled 
3-dose regimen TTSP vaccine trials. The outcome was post-vaccination STEC O157 fecal pen prevalence. 
The simulation was performed 5,000 times. Summer fecal prevalence ranged from 0-80% and averaged 30% 
(std dev±0.24). Forty-one percent of summer-fed pens had STEC O157 prevalence greater than 30%. Winter 
fecal prevalence ranged from 0% to 60% and averaged 10% (std dev±0.13). Seven percent of winter-fed 
pens had STEC O157 prevalence greater than 30%. Fecal prevalence for vaccinated pens of summer-fed 
cattle ranged from 0-53% and averaged 16% (std dev±0.13). Sixteen percent of vaccinated pens had STEC 
O157 prevalence greater than 30%. The simulation outcome was most sensitive to shedding prevalence of 
control pens of cattle. In this simulation vaccination mitigated the risk STEC O157 fecal shedding to levels 
comparable to winter, with the major effect being reduced variability in shedding prevalence. Food safety 
decision-makers may find this model helpful for evaluating the usefulness of pre-harvest interventions.
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Epidemiology of West Nile virus Lineage 2 as a cause of neurological disease in horses in South Africa: 
lessons for Europe
Venter, M.1,2, Williams, J.2,3, Human, S.2, Van Niekerk, S.2, Mentoor, J.2, Jansen Van Vuuren, P.4, Paweska, 
J.4, Van Eeden, C.2 and Swanepoel, R.2, 1National Institute for Communicable Diseases, Respiratory 
Diseases and Meningites, South Africa, 2University of Pretoria, Zoonosis Research Unit, Department 
Medical Virology, South Africa, 3University of Pretoria, Paraclinical Studies, Faculty of Veterinary 
Sciences, South Africa, 4National Institute for Communicable Diseases, Centre for Zoonosis, South Africa; 
marietjiev@nicd.ac.za

West Nile virus (WNV), a mosquito-born flavivirus is an important emerging neuropathogen in horses in 
Europe, the USA and Africa. Two major genetic lineages exist: lineage 1, associated with encephalitis in 
humans and horses in the Americas and Europe, while lineage 2 is endemic in southern Africa, Madagascar, 
and has recently been associated with encephalitis in humans and horses in South Africa, central Europe, 
Greece and Italy. To define the epidemiology and significance in South Africa, a 3-year surveillance project 
for neurological disease in horses was used to identify cases and define the molecular epidemiology of 
WNV, and a lineage 1 vaccine currently licenced in the USA and Europe was evaluated for cross lineage 
protection in mice and horses. Screening of 300 horses with neurological disease identified WNV in 15% 
of cases with an estimated mortality rate of 42%. Cases occurred in late summer and autumn across the 
country. All strains identified by isolation and RTPCR were lineage 2 with the exception of a single lineage 
1 strain identified in 2010. Mice were 100% protected by the inactivated vaccine Duvaxyn WNV following 
challenge with a highly neurovirulent lineage 2 strain. Horses vaccinated according to the same schedule 
had similar cross lineage neutralising antibodies. Conclusion: lineage 2 WNV is an important cause of 
neurological disease in horses in South Africa. Epidemiological data collected in this study will be used to 
inform vaccination policies for the South Africa and could be translated to regions in Europe where lineage 
2 has recently emerged.

Epidemiology and health policy for prevention of nosocomial Salmonella infections in hospitalized 
horses
Ekiri, A.E., Morton, A.J., Long, M.T., Mackay, R.J. and Hernandez, J.A., University of Florida, College of 
Veterinary Medicine, USA; hernandezja@ufl.edu

Despite implementation of biosecurity standard operating procedures, veterinary hospitals have experienced 
outbreaks of salmonellosis causing high mortality in equine inpatients and substantial financial losses. In 
the USA, surveillance systems in most hospitals target horses with colic or diarrhea for early detection 
of Salmonella shedding in feces during hospitalization. At the University of Florida: Large Animal 
Hospital, one issue of concern is the early detection of Salmonella shedding in horses without diarrhea. An 
examination of hospital surveillance data over the last five years showed that almost 8 of every 10 adult 
equine inpatients that tested positive to Salmonella shedding did not have diarrhea at admission or during 
hospitalization. Furthermore, Salmonella positive culture results of 7 of every 10 horses without diarrhea 
were completed and reported after discharge. This subpopulation of horses presents a threat because there 
is no opportunity to implement infection control measures during hospitalization and because other horses 
or humans in the communty can become infected when the equine inpatient returns home. We are currently 
investigating exposure factors (ie, clinical signs, hematological and plasma chemical parameters) associated 
with Salmonella shedding in 46 case horses without diarrhea and 73 control horses. In addition, we are 
investigating the diagnostic performance of a RT-PCR test for early diagnosis of Salmonella in 70 horses 
that were sampled and tested 3 to 7 times during hospitalization. Preliminary results show that among horses 
without diarrhea, high plasma triglycerides at admission, abdominal surgery, and season can be predisposing 
factors for Salmonella shedding. Final research results (including diagnostic performance of RT-PCR and 
bacteriologic culture) and discussion of recommended health policies associated with this study will be 
presented at the Symposium.
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The effect of humidity, air temperature and wind on local spread during the 2007 equine influenza 
outbreak in Australia
Firestone, S.M.1, Cogger, N.2, Ward, M.P.1, Toribio, J.L.M.L.1, Moloney, B.3 and Dhand, N.K.1, 1Faculty of 
Veterinary Science, The University of Sydney, Australia, 2The EpiCentre, Massey University, New Zealand, 
3New South Wales Department of Primary Industries, Australia; simon.firestone@sydney.edu.au

The influence of humidity and air temperature on aerosol transmission of influenza A viruses has recently 
been defined under laboratory conditions. Limited research has been conducted on how meteorological 
factors influence outbreaks in the field. We applied geostatistics and survival analysis to data from the 2007 
outbreak of equine influenza in Australia to quantify the association between hazard of infection and air 
temperature, relative humidity, rainfall and wind velocity, whilst controlling for premises-level covariates. 
The pattern of disease spread in space and time was described using extraction mapping and instantaneous 
hazard curves. Meteorological conditions at 3,557 premises were estimated by kriging daily meteorological 
data, and included in Cox regression models as time-lagged time-varying covariates. Meteorological 
covariates time-lagged by 3 days were strongly associated with hazard of infection, corresponding to the 
incubation period of equine influenza. Hazard was higher when winds from the direction of nearby infected 
premises were >40 km/h (hazard ratio=2.10; 95% CI: 1.54, 2.86) whereas high relative humidity (>60%) 
was protective (hazard ratio=0.29; 95% CI: 0.17, 0.50). A highly nonlinear relationship was observed with 
air temperature that was consistent with laboratory-based research into aerosol and contact transmission of 
influenza A viruses. Our findings support and extend those of studies into influenza A transmission conducted 
under controlled conditions. The relationships described will directly inform the modelling and management 
of disease risk during future equine influenza outbreaks and advance our understanding of the transmission 
of influenza A viruses under field conditions. This research was funded by the RIRDC and the ABCRC.

Evaluating the effectiveness of strategies for the control of equine influenza virus in the New Zealand 
equine population
Rosanowski, S.M., Cogger, N., Stevenson, M.A., Rogers, C.W. and O’leary, B.D., Massey University, Institute 
of Veterinary, Animal and Biomedical Sciences, New Zealand; s.rosanowski@massey.ac.nz

The New Zealand equine population has never experienced an equine influence (EI) outbreak and, 
consequently, is naive to the EI virus. Due to the speed at which EI would spread in New Zealand, strategies 
for control and eradication will need to be implemented rapidly. A spatially explicit stochastic simulation 
model, InterSpread Plus, was used to evaluate EI control strategies for the New Zealand situation. The 
control strategies considered were movement restriction on the day the virus was detected and movement 
restriction in combination with vaccination that began on day 14. The vaccination strategies were protective, 
suppressive or targeted. A protective strategy involves vaccination in a radius around infected properties, 
while a suppressive strategy involves vaccination in a ring around infected properties. Targeted vaccination 
involves the vaccination of all breeding and racing properties within 20 kilometres of an infected property. 
Sensitivity analysis was conducted to determine the impact of timing of vaccination and earlier detection 
on the size of and duration of the outbreak and the number of vaccinated properties. All three vaccination 
strategies implemented at day 14 resulted, on average, in 62% fewer infected properties (P<0.001) and an 
epidemic that was 70 days shorter (P<0.001), compared to movement restriction alone. Any vaccination 
strategy implemented on day seven resulted fewer properties infected with EI and the epidemic had 
a shorter duration, compared to vaccination implemented on days 14 or 21. Overall, the suppressive 
vaccination strategy resulted in fewer infected properties and fewer vaccinated properties than the other 
two vaccination strategies. The findings suggest that any vaccination strategy, if combined with complete 
movement restriction, could be effective for the control and possible eradication of EI if an outbreak was 
to occur in New Zealand.
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Spatiotemporal epidemiology of H5N1 disease and infection in people and poultry: a continuing 
enigma
Schauer, B.1, Morris, R.S.1, Wang, S.2 and Minh, P.Q.3, 1EpiCentre, Massey University, New Zealand, 2World 
Bank, China, 3Department of Animal Health, Viet Nam; bschauer1@gmail.com

Despite the large investment which has gone into investigating avian influenza H5N1, a number of aspects 
of the relationship between infection and disease remain enigmatic. Comparison of experience in Vietnam 
and China demonstrates the epidemiological conundrum posed by findings since the detection of H5N1 in 
Vietnam in 2003 and its progenitor viruses in China in 1996. The disease has shown marked seasonality, 
with epidemics occurring principally between December and March. This is the cool season when influenza 
viruses typically spread more readily, but is also the time of peak rice harvesting and major national festivals, 
resulting in increased poultry movements and production. In Vietnam smaller epidemics have also occurred 
in mid-year. Poultry and human cases have shown strong spatial and temporal association in Vietnam, but 
not in China. In Vietnam, infection has been tightly clustered in the two major river deltas, with differences 
in spatio-temporal patterns between the deltas which provide insights into spread mechanisms. Studies in 
the Mekong River delta have shown that at the smaller scale there is marked heterogeneity in frequency 
of disease outbreaks between spatial units, which cannot be fully explained by prevalence of H5N1 virus 
distribution. Studies have also shown that infection can be detected during periods when there is no 
evidence of disease. In China, it has similarly been found that infection with H5N1 is widespread, but there 
are few outbreaks of poultry disease reported, and when human cases occur they have typically not been 
associated with poultry disease outbreaks in the immediate vicinity. Both countries use mass vaccination 
but vaccination has not prevented persistence of infection in vaccinated populations. In this paper potential 
explanations for these apparently inconsistent epidemiological features will be discussed, and unanswered 
questions will be identified.

Evaluation of data sources for modelling of equine infectious disease in Britain
Robin, C.A.1, Lo Iacono, G.2, Gubbins, S.3, Wood, J.L.N.2 and Newton, J.R.1, 1Animal Health Trust, Centre 
for Preventive Medicine, United Kingdom, 2University of Cambridge, Disease Dynamics Unit, United 
Kingdom, 3Institute for Animal Health, United Kingdom; charlotte.robin@aht.org.uk

There are currently no accurate data for the size and distribution of the British horse population that could 
assist with surveillance or planning for disease outbreaks. The National Equine Database (NED) may 
provide such data, but there has been no evaluation of its accuracy or utility. Objectives were to assess the 
extent of obsolete and missing data in NED, to evaluate the degree of spatial separation between owner 
and horse locations and to apply these data to developing a credible national distribution of horses suitable 
for use in future risk modelling of equine disease incursions. Separate questionnaires were used to assess 
the amount of data missing from NED using data collated from Local Authorities (LA’s) and the amount of 
obsolete data retained in NED using a survey of 11,000 horse owners. A national distribution of horses was 
developed adjusting for overall population size, owner-horse spatial separation and land usage. According 
to LA data, 595 (3.5%) of passports inspected were missing. Of 1,400 owner questionnaires completed, 
380 passports were obsolete (27.5%). Responses showed 53% of owners kept their horse at home, and 92% 
resided within 10 km. Inaccuracies exist in NED with both missing data and retention of obsolete records. 
Although missing and obsolete data act to cancel each other out to some extent, they would affect NED’s 
efficiency to locate horses and horse owners rapidly in the event of a major disease outbreak. Taking these 
data into account, the UK horse population was calculated to be 1.1016 million (95% confidence limits: 
1.0776-1.1256 million) horses. Appropriate adjustment for population size, owner-horse spatial separation 
and land usage would facilitate meaningful use of the national horse population derived from NED for risk 
modelling purposes.
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Social network analysis of poultry trade movements in Sikasso county, Mali: implications for 
surveillance of avian influenza
Molia, S.1, Boly, I.1, Duboz, R.1 and Fournié, G.2, 1CIRAD, France, 2RVC, United Kingdom; 
sophie.molia@cirad.fr

Social network analysis (SNA) is a set of tools increasingly used in veterinary epidemiology. It enables 
to better understand the structure of animal movements and its impact on disease spread. It also helps 
predicting the most efficient outbreak surveillance and mitigation measures, which is especially useful for 
developing countries with limited resources and for emerging diseases such as avian influenza (AI). Here 
we apply SNA to quantify and decipher the web of poultry movements in the Sikasso county, the main 
supplier for 43% of all live bird markets in Mali. A cross-sectional survey was conducted in May-July 
2010 in all markets (n=21) of Sikasso county and in 6 markets of adjacent counties. 180 poultry traders 
(PT) were interviewed with tested questionnaires and led to identifying 604 PT working in 186 locations. 
A directed weighted network was built with locations (villages, farms, markets) as nodes, sale of poultry 
as link, and number of poultry sold/mo as weight. The network was highly hierarchical with overdispersed 
distributions of centrality measures which led to identifying 4 hubs. The main targets for AI surveillance 
were the markets of Medine and Wayerma, (which accounted for 59% of all in-degrees). Targets for AI 
control were the markets of Medine, Wayerma, Farakala and Lobougoula whose removal from the network 
decreased the size of the giant weak component by 57%. 70% of poultry traded in the Sikasso county was 
sold to markets in Bamako and Ivory Coast, representing respectively 32 081 and 3600 poultry/mo. Building 
networks can be challenging in developing countries with no compulsory recording of animal movements 
as in the North. Our network was probably not complete but influential nodes can nevertheless be identified 
by degree centrality measures without requiring assessment of entire networks. Further work will analyse 
the network with PT as nodes and will assess the relationship between the geographical distance and the 
proportion of linked nodes and the number of poultry traded.

Determination of HPAI H5N1 spatio-temporal dynamics in Indonesian poultry
Lockhart, C.1, Pinto, J.1 and Farnsworth, M.2, 1, Food and Agriculture Organization of the United Nations 
(FAO), Animal Production and Health Division, Italy, 2USDA-APHIS-VS, Centers for Epidemiology and 
Animal Health, Italy; caryl.lockhart@fao.org

Data collected by the Disease Surveillance and Response Programme (PDSR) programme between April 
2008 and September 2010 for Java, Bali and Lampung Province of Sumatra were used to examine the spatial-
temporal dynamics of HPAI H5N1 outbreaks in Indonesia. Ecological approaches were used to identify 
potential drivers of outbreak maintenance and spread. The study set out to determine: (1) the probability of 
a district becoming infected after a period of freedom (90 days), referred to as the ‘colonization probability’; 
(2) the probability of an outbreak persisting in a district, referred to as the ‘persistence probability’; (3) 
how a district’s HPAI status in a previous period influenced the occurrence of outbreaks (colonization and 
persistence) in that district; and iv) the effect of risk factors such as human and poultry population densities 
on the probability of outbreaks (colonization and persistence) at a district. The analysis was conducted at 
the district level for nine 90-day rolling period. The analyses suggested that there were strong temporal and 
spatial differences in outbreak probabilities across the areas examined. The analyses also showed that the 
occurrence of outbreaks in each study district was affected by poultry and human densities and the number 
of villages in the district assigned to controlled status during a previous period. These findings provide an 
opportunity to guide future surveillance efforts in the Indonesian poultry sector.
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HPAI risk perception of poultry keepers within the traditional poultry sector in Egypt
Geerlings, E.C.L., School of Agriculture, Policy and Development, University of Reading, Livestock 
Development Group, United Kingdom; ellengeerlings@hotmail.com

Egypt has experienced one of the worst outbreaks of highly pathogenic avian influenza (HPAI) outside 
Asia. Since the first outbreak of HPAI in 2006, the government has adopted several mechanisms to limit the 
spread of HPAI and the risk of human infection. This study used a mixed method approach in investigating 
levels of risk perceptions and underlying believes and rationales. For this study 140 female poultry keepers 
within the traditional poultry sector in Egypt were interviewed. Levels of risk perceptions were collected by 
means of a three point Likert-scale. Scores for perceived likelihood of human infection, likelihood of flock 
infection, severity of flock infection and level of fear for flock infection were collected. Risk perception 
scores were tested against the following variables: flock size, number of household member, location, 
education and the number of self reported outbreaks during 2006-2010. Correlation tests were performed 
using SPSS version 18. The results showed no associations between perceived risk and flock size, number 
of household members, education and location. However, there was a correlation between high-risk scores 
and the number of outbreaks already experienced by the household. This is in line with current risk theory, 
which predicts a positive association between the memorability of an event and perceived risk scores. 
Further, qualitative data analyses revealed some interesting underlying believes. High-risk perceptions were 
associated among others with a believe that HPAI can be transmitted through air. Low-risk perceptions 
were associated with no previous human infections in the village and skepticism about human susceptibility 
to HPAI among others. Understanding and targeting these underlying believes and norms might be more 
effective in supporting behavior change than simply dictating behavior changes.

Assessing the contributions of the various between farm contacts to the spread of highly pathogenic 
avian influenza (H7N7) virus during the 2003 epidemic in the Netherlands
Ssematimba, A.1,2, Elbers, A.R.W.2, Hagenaars, T.J.2 and De Jong, M.C.M.1, 1Wageningen University, 
Department of Animal Sciences, Quantitative Veterinary Epidemiology, Netherlands, 2Central Veterinary 
Institute (CVI) part of Wageningen UR, Department of Epidemiology, Crisis organization and Diagnostics, 
Netherlands; amos.ssematimba@wur.nl

Estimates of the per-contact probability of transmission between farms of Highly Pathogenic Avian Influenza 
virus of H7N7 subtype during the 2003 epidemic in the Netherlands are important for the design of better 
control and biosecurity strategies. We used standardized data collected during the epidemic and a model 
to extract data for untraced contacts based on the daily number of infectious farms within a given distance 
of a susceptible farm. With these data, we used a maximum likelihood estimation approach to estimate 
the transmission probabilities by the individual contact types, both traced and untraced. We found that egg 
delivery contacts had the highest per contact chance of spreading infection while majority (93% of the 
new cases) where potentially caused by unknown contacts. Importantly, all the identified contacts made 
a substantial contribution to the risk of virus transmission between farms. Therefore, any measures to 
reduce on their frequency and to improve biosecurity during all these contacts are potentially worthwhile. 
The fact that the ‘unknown’ contacts contributed the most emphasizes the need for a better understanding 
of the mechanisms underlying virus transmission. These estimates can be used to inform further studies 
on the role that improved biosecurity between contacts and/or contact frequency reduction can play in 
eliminating between-farm spread of the virus during future epidemics. The findings also highlight the need 
to: (1) understand the routes underlying the infections without traced contacts; and (2) to review whether 
the contact-tracing protocol is exhaustive in relation to all the farm’s day-to-day activities and practices.
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The impact of the national full herd depopulation policy during 2003 to 2005 on the recurrence of 
bovine tuberculosis in Irish herds
Good, M.1, Clegg, T.A.2, Duignan, A.1 and More, S.J.2, 1Department of Agriculture, Food and the Marine, 
Ireland, 2UCD School of Agriculture, Food Science and Veterinary Medicine,, Centre for Veterinary 
Epidemiology and Risk Analysis, Ireland; margaret.good@agriculture.gov.ie

This study evaluated the impact of the Irish herd bovine tuberculosis (bTB) depopulation policy 
(depopulation, disinfection, contiguous testing and local badger removal where implicated) on the recurrence 
of bTB infection, by comparing the future risk in restocked herds following depopulation for either bTB or 
bovine spongiform encephalopathy (BSE) during 2003 to 2005. Each herd was assigned a ‘previous bTB 
risk’, based on bTB history during the 5 years before depopulation. Future bTB risk was estimated, using 
a multivariable Cox proportional hazard model for time-to-breakdown for each study herd, to identify risk 
factors associated with bTB. Future bTB risk varied significantly by reason for depopulation and previous 
bTB risk. Herds depopulated for bTB (by definition, at high bTB risk) were not significantly different from 
BSE herds with no or a low previous bTB risk. BSE herds with a high previous bTB risk were found to be 
at significantly greater future bTB risk. Herd bTB depopulation measures, as currently applied in Ireland, 
are shown to be effective in enabling herds to attain and retain bTB freedom following restocking. Based on 
the data presented, and consistent with current knowledge of the bTB epidemiology, local badger removal 
contributes to efforts to limit recurrence of bTB in Ireland.

Spatio-temporal analysis of bovine tuberculosis in Spain (2006-2009)
Garcia-Saenz, A.1, Saez, M.2, Casal, J.1,3, Napp, S.1, Perez De Val, B.1, Alba, A.1, Saez, J.L.4, Guta, S.1,5 
and Allepuz, A.1,3, 1Centre de Recerca en Sanitat Animal (CReSA), Spain, 2Research Group on Statistics, 
Applied Economics and Health (GRECS), University of Girona, Spain, 3UAB, Departament de Sanitat i 
Anatomia Animals, Spain, 4Subdirección General de Sanidad de la Producción Primaria, Dirección General 
de Recursos Agrícol, Spain, 5National animal health diagnostic and investigation center (NAHDIC), 
Ethiopia; quiro3@msn.com

A Bayesian spatio-temporal Poisson model was applied to Bovine tuberculosis (bTB) data aggregated at 
county level, in order to analyze the space-time evolution of the bTB eradication campaign in Spain between 
2006 and 2009. The results of the model showed that the risk of a herd being infected or new infected was 
higher in counties located in central and southern Spain. There were no significant changes in the risk of 
infection between years in Spain as a whole, indicating that there were no significant improvements in 
the bTB eradication campaign between 2006 and 2009. Even though, significant variations of the risk to 
become infected or new infected were detected at county level suggesting that, at this level, the evolution 
of bTB was more heterogeneous: some counties presented a significant improvement in the eradication 
process and in other counties the campaign not only failed to decrease the risk, but even ended up with a 
significant increase of the risk. The model enabled to assess the bTB evolution at a finer spatial scale i.e. 
at county level, which is more useful for disease management than the global temporal effect. In order to 
elucidate the cause of the differences between counties, the model will be extended to include covariates 
like density of potential wildlife reservoirs, mixed herds with other domestic ruminants, diagnostic protocols 
or animal movement network.

Session 13 Theatre 2

Session 13 Theatre 1



ISVEE – Book of Abstracts 2012 35

Influence of the distance on the testing for bovine tuberculosis and brucellosis in Brazil
Todeschini, B.1, Costa, E.2, Hein, H.2, Miranda, I.2, Rocha, K.2, Corbellini, L.2 and Gustavo Corbellini, 
L.2, 1Ministry of Agriculture, Livestock and Supply-MAPA, Brazil, 2Federal University of Rio Grande do 
Sul-UFRGS, Brazil; lgcorbellini@hotmail.com

The aim of this study is to evaluate the distance between Private Veterinarians (PV) and farms as a 
determinant of the adhesion to a voluntary, privately funded national governmental program for control of 
bovine Tuberculosis and Brucellosis. All tests performed in 2008 in the state of Rio Grande do Sul were 
considered to calculate the total round-trip distance (km) traveled by the PV for perform diagnostic tests 
for the aforementioned diseases. The data comprised 5,012 tested farms (TF) located on 332 counties out 
of the existing 496. The starting point was the registered professional domicile of the Veterinarian (PDV). 
Since TF were not georreferenced the distance between the PDV and TF was estimated in a two steps 
process: the county-to-county distance (A), considering the shortest road linking their headquarters; and the 
intra-county distance (B), estimating the distance from the TF to its jurisdictional county headquarter. The 
calculation of (B) was the average straight line from the center to the perimeter of the half of the county 
area, considering three different shapes: square, circle and equilateral triangle. Finally, the total travelled 
distance per TF (TD) was estimated as TD=(A+B)*2. In the case the test was performed in the same 
county of PDV it was considered that TD=B*2. The data analysis showed that 49.66% of the TF (n=2,489) 
were performed in a TD up to 50 km, and 82.2% (n=4,120) were executed in a TD up to 100 km. It also 
demonstrated that 48.26% of the TF (n=2,429) were performed within the same county of PVD. Lastly, 
tested counties presented odds ratio 65 times higher of having a PDV. The presented analysis proposes a 
tool for decision makers on identifying areas where the allocation of PV should be stimulated, as well as 
where more effective public awareness campaigns should be developed in order to promote a more even 
development of the animal health status.

Bovine tuberculosis in badgers in France: prevalence and risk of transmission between cattle and 
badgers
Payne, A.1,2, Boschiroli, M.L.3, Millet, L.4, Gueneau, E.5, Moyen, J.L.6, Rambaud, T.7, Gilot-Fromont, 
E.1, Dufour, B.8 and Hars, J.2, 1Lyon University, CNRS, UMR 5558 LBBE, France, 2ONCFS, Research 
Department, Wildlife disease Unit, France, 3ANSES, Animal health laboratory, bacterial zoonosis Unit, 
France, 4Dijon University, UFR des sciences et de l’environnement, France, 5Laboratoire départemental 
de Côte d’Or, France, 6Laboratoire Départemental d’Analyse et de Recherche de Dordogne, France, 
7Laboratoire Agro-Vétérinaire Départemental de Seine Maritime, France, 8ENVA, EPIMAI epidemiology 
Unit, France; ariane.payne@oncfs.gouv.fr

In France, surveillance programs were carried out to monitor the presence of bovine tuberculosis (bTB) in 
badgers in three areas where cattle or wildlife displayed high bTB prevalence (Seine-Maritime, Côte d’Or, 
Dordogne/Charente). Diagnostic methods included post-mortem examination, PCR and/or culture. M. bovis 
was detected by culture in 1 badger out of 103 (0.97%) in Seine-Maritime and in 49/878 (5.6%) in Côte 
d’Or. In Dordogne/Charente, the PCR prevalence reached 29/230 (12.6%). Spoligotyping and multiple 
locus variable number tandem repeat analysis showed that all M. bovis strains isolated from badgers were 
of the same genotype as those isolated from cattle in the vicinity, demonstrating an epidemiological link 
between the two species. To investigate how this transmission can occur between cattle and badgers, a 
specific study was undertaken in Côte d’Or. Ten badgers were fitted with GPS collars and tracked during 3 
to 6 months. The contact rate between cattle and badgers was determined from the selection of cattle habitat, 
i.e. pastures and farm buildings, within the home range of each badger. The first results show that contact 
may occur in pastures and farm buildings, which are used in a variety of ways, depending on the landscape 
and season. These results, in addition to video surveillance data on selected places in cattle zones, should 
provide elements for the risk assessment of bTB transmission between the two species.
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Farm animal contact is a risk factor for salmonellosis caused by bovine-associated subtypes
Cummings, K.J.1,2, Warnick, L.D.1, Davis, M.A.3, Eckmann, K.4, Gröhn, Y.T.1, Hoelzer, K.1, Macdonald, K.4, 
Root, T.P.5, Siler, J.D.1, Mcguire, S.M.5, Wiedmann, M.1, Wright, E.M.1, Zansky, S.M.5 and Besser, T.E.3, 
1Cornell University, USA, 2Texas A&M University, USA, 3Washington State University, USA, 4Washington 
State Department of Health, USA, 5New York State Department of Health, USA; kcummings@cvm.tamu.edu

Nontyphoidal salmonellosis remains a formidable public health challenge, causing approximately 93.8 
million illnesses and 155,000 deaths annually throughout the world. It was recently estimated that 94% 
of Salmonella infections in the United States are foodborne. The objective of this study was to identify 
risk factors for salmonellosis caused by bovine-associated subtypes, using data collected in New York and 
Washington between March 1, 2008 and March 1, 2010. Exposures of case-patients infected with bovine-
associated Salmonella subtypes (isolates that matched contemporary bovine isolates from the respective 
state by serovar and pulsed-field gel electrophoresis [PFGE] pattern) were compared to those of control-
patients infected with non-bovine-associated Salmonella subtypes. Farm animal contact during the five days 
prior to illness was significantly associated with being a case (OR=3.1, P=0.0007), after accounting for 
the consumption of undercooked ground beef and unpasteurized milk. A specific history of bovine contact 
was also significantly associated with being a case (OR=5.7, P=0.0005), while controlling for those food 
exposures. This has important public health implications, particularly for dairy farm workers and their 
families, veterinarians and veterinary staff, and those who visit open farms, petting zoos, and animal exhibits 
at fairs. More human Salmonella infections originating from bovine sources may result from direct contact 
with cattle (vs. foods of bovine origin) than previously recognized. Thus, it is imperative that efforts to 
control salmonellosis include a focus on transmission routes other than foodborne.

Patterns of cattle farm visitation by white-tailed deer in relation to bovine tuberculosis transmission 
risk in Minnesota, US
Ribeiro Lima, J.1, Carstensen, M.2, Cornicelli, L.2, Grund, M.2, Forester, J.D.3 and Wells, S.J.1, 1University 
of Minnesota, Veterinary Population Medicine, USA, 2Minnesota Department of Natural Resources, USA, 
3University of Minnesota, Fisheries, Wildlife, and Conservation Biology, USA; jlima@umn.edu

The objective of this study was to characterize spatial patterns of white-tailed deer movement related to 
bovine tuberculosis (BTb) transmission risk to cattle in northwestern Minnesota. Sixteen adult deer (12 
females and 4 males) were captured in January 2011 and fitted with GPS collars just outside the BTb 
Management Zone in a 140 mi2 study site that represented transitional deer habitat interspersed with cattle 
operations (n≈30). This area was similar in habitat composition to the Minnesota BTb Core area, in that free-
ranging deer could move east into the forest zone, west into the farmland zone, or remain in the transition 
zone. GPS collars were programmed to collect location information every 90 minutes. Ground-truthing was 
performed seasonally to assess the locations of fenced cattle, cattle feeding areas, and feed storage areas 
potentially visited by deer. Due to unexpected high winter mortality (38% between January and March 2011), 
mostly due to wolf predation (83%), a second capture was performed in March 2011 which added 5 deer (4 
females and 1 male) to the study. The current analysis included ≈30% of data collected until January 2012 
from all deer remaining in the study (n=9) and the complete data of deer removed from the study (n=10). 
Results show that 94% of deer visitations occurred on two cattle farms and 73% of deer visits occurred in 
areas with both cattle and feed. Five deer visited cattle and feed locations on farms, with four visiting only 
one farm and one visiting two farms. The months of October (29%) and May (27%) had the most deer 
farm visitations. A higher proportion of visits occurred from 12 am to 6 am (61%), followed from 6 pm to 
12 am (26%). These study results provide baseline information regarding cattle-deer interactions critical 
to transmission of BTb in this region.
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Estimation of the rate of egg contamination from Salmonella infected chickens
Arnold, M.E.1, Martelli, F.2, Mclaren, I.2 and Davies, R.H.2, 1AHVLA, Biomathematics, United Kingdom, 
2AHVLA, Bacteriology, United Kingdom; mark.arnold@ahvla.defra.gsi.gov.uk

Salmonella enterica serovar Enteritidis is one of the most prevalent causes of human gastroenteritis, and 
is by far the predominant Salmonella serovar among people, followed by S. Typhimurium. Contaminated 
eggs produced by infected laying hens are thought to be the main source of human infection with S. enterica 
throughout the world. Although previous studies have looked at the proportion of infected eggs from 
infected flocks, there is still uncertainty over the rate at which infected birds produce contaminated eggs. 
The aim of this study was to estimate the rate at which infected birds produce contaminated egg shells and 
egg contents. Faecal and environmental sampling and testing of ovaries/caeca from spent hens was carried 
out in parallel with testing 4,000 eggs in pools of 6, with shells and contents tested separately, in a series of 
20 flocks of commercial laying hens. Bayesian methods were used to estimate the within-flock prevalence 
of infection from the faecal and spent hen data, and this was related to the proportion of positive eggs. 
Results indicated a linear relationship between the rate of contamination of egg contents and the prevalence 
of infected chickens, but a non-linear (quadratic) relationship between infection prevalence and the rate 
of egg shell contamination, with egg shell contamination occurring at a much higher rate than that of egg 
contents. There was also a significant difference in the rate of egg contamination between serovars, with S. 
enterica causing a higher rate of contamination of egg contents and a lower rate of contamination of egg 
shells compared to non-S. enterica serovars. These results will be useful for risk assessments of human 
exposure to Salmonella-contaminated eggs.

Attributing human salmonellosis: a German approach towards source attribution
Sharp, H., Valentin, L., Appel, B. and Kaesbohrer, A., Federal Institute for Risk Assessment, Biological 
Safety, Germany; Hannah.Sharp@bfr.bund.de

Salmonellosis in humans is one of the major zoonotic diseases in Germany. Although a decrease in reported 
salmonellosis cases could be observed during the last years, still 24,500 human cases have been reported 
in Germany in 2011. To reduce the exposure for the consumer it is important to identify and quantify the 
contribution of the different zoonotic sources to human infections. Source attribution methods attribute cases 
of foodborne disease to the food vehicle or an other source responsible for illness. One of these methods 
is the microbial subtyping approach, whose principle is to compare the subtypes of isolates from different 
sources (e.g. animals, food) with the same subtypes isolated from humans. Following this approach a source 
attribution model based on a model described by Hald et al. was developed and adapted to Salmonella 
surveillance data from Germany. The German model allows for handling data sets with many subtypes that 
are unique for a specific source which was not possible with the original model by Hald et al.. Furthermore, 
the proposed framework analyzes the impact of each data component on the model outcome and so gives 
insight into the requirements regarding the quality of data necessary for microbiologic source attribution. 
For identifying important sources for Salmonella in Germany, two different data sets are considered: one 
aggregated set with national data from the baseline surveys for the years 2004-2007 and one set with data 
from the control programs and monitoring programs for 2010. The identified and quantified contribution 
of each source is compared and discussed for the different years. Additionally, the model outcomes will be 
put in context with source attribution outcomes in other European countries.
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Evaluation of the impact of Salmonella control programmes in fowl (Gallus gallus) on public health 
in the EU
Boelaert, F.J.H.1, Rizzi, V.1, Mäkelä, P.1, Lahuerta-Marin, A.2 and Takkinen, J.2, 1European Food Safety 
Authority, Risk Assessment and Scientific Assistance Directorate, Italy, 2European Centre for Disease 
Prevention and Control, Sweden; frank.boelaert@efsa.europa.eu

The European Union Directive 2003/99/EC obligates the European Union (EU) Member States to collect 
data on zoonoses and zoonotic agents every year, and requests the European Food Safety Authority to analyse 
these data and publish an annual European Union Summary Report. Human data is collected and analysed 
by the European Centre for Disease Prevention and Control. Based on Salmonella data collected annually 
according to the EU monitoring programmes, eggs are considered to be the most important source of human 
salmonellosis cases in the EU, particularly of those caused by Salmonella Enteritidis. In order to evaluate the 
impact of Salmonella control programmes in fowl (Gallus gallus) on public health in the EU, the reported 
human S. Enteritidis-cases per 100 000 population, the numbers of Salmonella food-borne outbreaks caused 
by eggs, the prevalence of S. Enteritidis in laying hen flocks and the proportion of table eggs positive for 
Salmonella spp. were examined. In EU, during 2007-2010, a 54.3% drop in the notification rate of human 
S. Enteritidis cases per 100,000 population was observed (from 21.0 to 9.6). In parallel, a 39.9% reduction 
in outbreaks caused by eggs and egg products was reported from 2007 to 2010 (248 to 149 outbreaks). The 
proportion of productive laying hens flocks infected with S. Enteritidis decreased from 3.9% (23,994 tested 
flocks) in 2007 to 1.6% (29,506 tested flocks) in 2010. During the same period the proportion of table eggs 
positive for Salmonella spp. decreased from 0.8% (16,626 sampling units tested) in 2007 to 0.3% (19,142 
sampling units tested) in 2010. The results indicate that the reduction of S. Enteritidis in productive laying 
hen flocks is likely to have contributed to the decline of S. Enteritidis cases in humans.

Case study of Salmonella contamination in a category 3 fat rendering facility
Kennedy, T.G., VPHIS, Department of Agriculture, Food and the Marine, Ireland; tomvet@eircom.net

Producing safe food and feed is the constant objective of pet food manufacturers. Pet foods and treats are 
often found in the home kitchen, in food preparation areas and are often handled by children, the elderly and 
others with immune system deficiencies. Food safety issues involving direct human contact with processed 
pet foods and animal feeds is becoming a major regulatory focus. This case study focuses on a Category 
3 animal fat rendering facility that produces tallow for the oleochemical industry and greaves for pet-food 
manufacture via a HACCP system. The facility is overseen by the Competent Authority. Over a protracted 
period 10.8% (n=305) of official greaves samples intermittently revealed the presence of Salmonella anatum, 
S. newington and S. kentucky. Audit of CCPs did not reveal loss of control. The source of contamination 
was believed to be post rendering contamination. Salmonella was not isolated from the environment. 
Analysis of pre-requisites showed deficiencies in door management, sanitation, zoning, operator practices 
and structure fabrication. Deep cleaning and corrections to operational pre-requsites resulted in temporary 
improvement. The establishment closed for 10 months. Prior to re-opening, facility fabrication was improved 
by laying a smooth floor, removing roughened welded seams on equipment, smooth plastering the walls and 
properly sealing and ducting cables and hoses. Post improvement, none of the 120 official samples indicated 
Salmonella presence. We conclude that the source of contamination was from intermittent shedding from 
nidi located in the deep recesses of blemishes in the fabric. The case demonstrates the key role of sound 
pre-requisites that cannot be compensated for by maintaining control at CCPs.
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Findings from a case control study of equine laminitis in Great Britain, 2009-2011
Newton, R.1, Wylie, C.1, Collins, S.2 and Verheyen, K.3, 1Animal Health Trust, United Kingdom, 2University 
of Queensland, Australia, 3Royal Veterinary College, United Kingdom; richard.newton@aht.org.uk

There are few high quality studies investigating risk factors for equine laminitis, with most including only 
a limited number of risk factors and invariably not involving information on management practices. This 
study aimed to identify risk factors for veterinary-diagnosed active laminitis in British horses and ponies 
attended by practitioners 2009-2011. A prospective case control study of equine laminitis was conducted 
nested within a cohort of British equine veterinary practices. Laminitis cases were practitioner-diagnosed 
and controls were non-affected animals attended by the same practices. Owner-derived questionnaire data on 
signalment, management and health status during the preceding week. Multivariable mixed-effects logistic 
regression methods were used to assess risk factors associated with laminitis. A final multivariable model for 
equine laminitis was derived with odds ratios adjusted for other variables and random clustering of cases and 
controls within veterinary practices. Factors associated with an increased risk of laminitis were increasing 
bodyweight in the previous 3 months, summer and winter season compared to spring, new access to grass 
in the previous 4 weeks, box rest in the previous week, owner-reported history of laminitis, lameness or 
soreness after farriery, existing endocrinopathic disease and increasing time since last anthelmintic treatment. 
Factors associated with a decreased risk of laminitis were increasing animal height and feeding of additional 
supplements and transportation, both in the previous week. This study identified novel factors associated 
with laminitis among veterinary-attended horses and ponies in Great Britain between 2009 and 2011. With 
further targeted studies, these findings may improve knowledge on the aetio-pathophysiological mechanisms 
underlying laminitis and thereby provide opportunities for improving prevention and control of the disease.

A cross-sectional study of horse-owners approaches to the management and prevention of colic
Scantlebury, C., Christley, R., Pinchbeck, G. and Perkins, E., Institute of infection and global health, 
University of Liverpool, United Kingdom; claire.scantlebury@liverpool.ac.uk

Equine colic is reported as a high priority health concern among horse owners and occurs frequently. A postal 
questionnaire was distributed to 1000 randomly selected horse owners from Northern UK. The questionnaire 
design was based upon hypotheses emerging from in-depth interviews with horse-owners analysed using 
Grounded Theory methodology. The questionnaire aimed to explore horse-owners’ knowledge and 
approaches to the management and prevention of colic, whether owners could be categorised by type 
dependent on the human-horse relationship and the role of the horse and, to collect socio-demographic 
data. A total of 722 questionnaires were received with a useable response rate of 70.8%. Cluster analysis 
based on Euclidean distance and Ward’s agglomeration method was used to explore owner typologies based 
upon their relationship with horses. The associations between; owner typology and management of colic 
and, owner experience of colic and attitudes to colic prevention were examined using chi-square statistics. 
Owners’ perceptions of equine health priorities were also examined. Our analysis found 5 meaningful groups 
of horse owners representing 2 professional and 3 amateur typologies. The top three health priorities were 
laminitis, colic and weight gain. The owner groups differed with regard to their management of colic and 
health conditions they had experience of and attempted to prevent. Colic experience had a significant effect 
on attitudes towards prevention strategies used by horse-owners. This is the first study to quantify owner 
management and prevention strategies for colic among a large population. Owners understanding of the 
causes of colic and their experience appears to play a role in promoting prevention activities and seeking 
veterinary advice, and these are moderated by owner typology. These findings should be considered when 
designing appropriately targeted colic prevention advice aimed at reducing colic incidence.
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Horse demography and movements within mainland Great Britain (GB)
Boden, L.A., Parkin, T.D.H., Yates, J., Mellor, D. and Kao, R.R., University of Glasgow, College of Medical, 
Veterinary & Life Sciences, United Kingdom; Lisa.Boden@glasgow.ac.uk

Recent outbreaks of diseases such as Equine Infectious Anaemia & Dourine in the EU & the threat of African 
Horse Sickness, mandate the need for data to improve horse disease preparedness within GB. At a national 
level, this depends on knowledge of the risk of disease introduction & disease spread (through population 
demographics & movements). The objective of this study was to obtain data on the geographical distribution 
& patterns of movements of horses within mainland GB (which are not routinely recorded). These data were 
obtained from horse owners via an online questionnaire. After exclusions, there were 4481 respondents 
included in the study. All data obtained were anonymous & summarized at the resolution of postcode area 
& geographical region within GB. On average, respondents owned 4 horses (range 1-150, median 2). The 
majority of owners kept horses on their own premises, although owners in London tended to keep their horses 
between 10-50 miles away. The South West, South East & the Midlands (England) appeared to have higher 
numbers of horses than other regions. The recorded destination for imports of foreign horses was highest for 
the South of England & East Anglia. Wales & the South of England reported approximately twice as much 
international travel as other regions. There were also regional differences in the maximum number of road 
hours for the purpose of horse care as well as for local & national events. Horse owners were more likely 
to travel for competition than for leisure activities such as hacking & spent on average, a maximum of 4 
nights/year away from the home premise. These data provide valuable insights into previously unknown 
attributes of the horse population of GB. These data will parameterize mathematical models that will be 
used to predict the impact of disease incursion into different regions of GB. Acknowledgements: Defra & 
the Institute for Animal Health for funding this study.

Health care and disease prevalence in British horses, 2009-2011
Ireland, J.1, Wylie, C.1, Collins, S.2, Verheyen, K.3 and Newton, R.1, 1Animal Health Trust, United Kingdom, 
2School of Veterinary Science, Queensland, Australia, 3Royal Veterinary College, United Kingdom; 
jo.ireland@aht.org.uk

Equine preventive health care is intended to reduce disease and improve welfare but owners may fail to 
employ adequate preventive measures. Knowledge of common diseases in the general equine population is 
important in evaluation of risk factors for these diseases. This study aimed to describe preventive health care 
and owner-reported disease prevalence in British horses and ponies. A cross-sectional survey collected data 
via postal questionnaire from a random sample of veterinary-registered horse owners in Britain (n=797). 
The majority of animals received regular preventive health care: 96% received farrier visits at regular 
intervals; median time since last anthelmintic administration was 8.7 weeks and only 8% were unvaccinated, 
although fewer ponies were vaccinated compared to horses (P=0.008). Animals >25 years old received less 
frequent hoof care and lower proportions of retired animals were shod or vaccinated. Thirty-one percent 
of animals were overweight; a greater proportion of ponies were overweight compared to horses. In the 
previous 7 days, lameness affected 11% of animals and 7% developed a new health problem, of which 
59% were veterinary-diagnosed. The most prevalent conditions were musculoskeletal (2%), skin (2%) and 
respiratory disorders (1%). Thirty-one percent had a long-term/recurrent condition, of which osteoarthritis 
(14%), sweet itch (8%) and recurrent airway obstruction (6%) were the most prevalent. Fifteen percent had 
a history of laminitis, of which 46% had suffered more than one episode. Greater proportions of animals 
with a history of laminitis and of recurrent cases were ponies (P<0.001). There was evidence of reduced 
provision health care in retired animals and in ponies compared to horses. Description of the most prevalent 
conditions affecting British veterinary-registered horses/ponies will aid improvements in their health care 
and inform future research to identify risk factors for disease.
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Who should take the blame: multi-level modelling and horse racing injuries in National Hunt racing 
in GB
Parkin, T.D.H.1, Stirk, A.J.2 and Reardon, R.J.M.1, 1University of Glasgow, School of Veterinary Medicine, 
United Kingdom, 2British Horseracing Authority, Equine Science and Welfare Department, United Kingdom; 
tim.parkin@glasgow.ac.uk

Over the past 20 years many studies have investigated risk factors for a number of injuries in horse racing. 
However, the incidence of injury has not reduced significantly over the same period. The aim of this work 
was to identify which sectors of the racing industry should be the focus of renewed efforts to minimise the 
risk of equine injury. The structure of the data associated with racing is complex and highly clustered. For 
example, several horses are trained by the same trainer and races are clustered within course. We created 
multi-level multivariable logistic regression models for a number of injury outcomes. For each outcome 
several models were produced that accounted for different hierarchies. Known risk factors were included 
in models where there was a significant degree of higher-level of clustering to identify how much of that 
variance can already be explained. Variance was estimated at the level of the horse, sire, dam, trainer, 
jockey, course, race and race day. More than 200,000 race starts were inclulded in the data set representing 
all National Hunt starts in GB between 2001 and 2009. The largest unexplained variance estimates were 
associated with the horse (56% when modelling hind-limb fracture in steeplechasing; 42% – epistaxis in 
hurdling; 33% – tendon injury in steeplechasing). Higher variance estimates were calculated at the level 
of the race than race day. For example, when modelling hind-limb fracture in steeplechasing: at the level 
of the race there was 24% unexplained variance compared to <0.1% at the level of the race day. No single 
hierarchical level was significant across all outcomes but race and horse were significant in most models. 
These analyses enable prioritisation of future research funding to target the sectors of the racing industry 
that are most likely to produce significant reductions in the incidence of injury in the Thoroughbred.

Risk factors for hind limb and pelvis fractures in Thoroughbred horses undertaking jump racing 
in the UK
Reardon, R.J.M.1, Boden, L.1, Stirk, A.J.2 and Parkin, T.D.H.1, 1University of Glasgow, School of Veterinary 
Medicine, United Kingdom, 2British Horseracing Authority, United Kingdom; 
richard.reardon@glasgow.ac.uk

There have been multiple studies examining risk factors for the more common fracture types affecting the 
forelimbs of Thoroughbred horses. There have been fewer studies focussing on fractures affecting the hind 
limbs or the pelvis. The aim of this study was to identify risk factors associated with sustaining a hind limb 
fracture (HLF) or a pelvic fracture (PF) and to evaluate differences in these risk factors. A retrospective 
analysis of records from horses running in all National Hunt (NH) races in the U.K. between 2001 and 2009 
identified cases diagnosed with a HLF or PF whilst still at the racecourse. Because a significant difference 
in risk of HLF was identified between hurdle and steeplechase racing, these were considered separately. 
Univariable and multivariable logistic regression were used to identify risk factors at any one start. There 
were 99 HLF case starts and 169,569 control starts in hurdle; 90 HLF case starts and 102,804 control starts 
in steeplechase; and 86 PF case starts and 298,209 control starts in NH. In the final multivariable models 
several significant risk factors were identified. Risk factors associated with HLF included: weight carried 
and age in hurdle racing; and season, number of runners and first race type in steeplechase racing. Risk 
factors associated with PF included: season, going, race distance, jockey and trainer success and previous 
racing history. The only risk factor shared between injury and discipline types was previous flat racing 
history. There is variation in the risk factors for similar injuries between racing disciplines. The results of 
this study will direct future research and shape the development of interventions to minimise the risk of 
hind limb fractures in NH starts in the future.
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Working towards a risk-based surveillance system for Culicoides-borne diseases in Southern Alberta 
(Canada) and Montana (USA)
Zuliani, A.1, Lysyk, T.2, Johnson, G.3, Massolo, A.1, Waeckerlin, R.1, Cully, A.4 and Cork, S.1, 1Faculty of 
Veterinary Medicine, University of Calgary, Ecosystem and Public Health, Canada, 2Agriculture and Agri-
Food Canada, Research Centre, Lethbridge, Canada, 3College of Agriculture, Montana State University, 
Bozeman, Animal and Range Science, USA, 4Faculty of Earth Science, University of Calgary, Geography, 
Canada; azuliani@ucalgary.ca

Bluetongue (BT) and Epizootic Hemorrhagic Disease (EDH) are vector-borne diseases that affect wild 
and domestic ruminants. The main arthropod vector for these diseases in North America is considered to 
be Culicoides sonorensis. BT and EHD have important trade and socio-economic implications, especially 
when they occur in immunologically naive populations. Both diseases are endemic in the United States 
and have occasionally reached Canada. An effective surveillance system is therefore needed to ensure early 
detection and response to disease incursions. The purpose of this study is to develop probability distribution 
maps for C. sonorensis to help inform Canadian risk assessment. Culicoides spp. were trapped in 82 
locations throughout Southern Alberta and Montana over a ten year period (2002-2011). Remotely sensed 
variables and Digital Elevation Models attributes were obtained and derived for the whole study area. A 
species distribution model was then developed combining trap sites where C. sonorensis was detected and 
environmental layers using a maximum entropy algorithm (MaxEnt) which has been shown to be robust in 
modelling species distribution from presence-only data. The C. sonorensis probability map generated can 
be used to develop a risk-based surveillance program for the region.

Framework for risk assessment of vector-borne infections
De Vos, C.1, Bremmer, J.2, Fischer, E.1, Hoek, M.1 and De Koeijer, A.1, 1CVI Lelystad, part of Wageningen 
UR, ECD, Netherlands, 2LEI, part of Wageningen UR, Netherlands; aline.dekoeijer@wur.nl

Since the epidemic of bluetongue virus serotype 8 (BTV-8) in Northwestern Europe, the awareness of 
emerging vector-borne infections in livestock has increased. As a result, risk assessments of these exotic 
infections became a frequent request from policymakers. While risk assessments of directly transmitted 
infectious diseases are a commonly applied tool, vector-borne diseases have specific characteristics which 
make risk assessment more complicated. To solve this, we developed a framework which guides the user 
through the process of a risk assessment of vector-borne diseases. It uses a stepwise approach which is 
guided by a questionnaire and a checklist enabling a risk assessor to include all relevant steps into the 
assessment. The framework can be completed as a whole, or in separate modules, depending on the specific 
risk question being addressed. The modules comprise (1) entry of the pathogen; (2) transmission dynamics 
(transmission, establishment, spread, and persistence); and (3) impact of disease. The framework can also 
be applied at various levels of detail, and is specifically useful for a first quick evaluation of the overall risk.. 
The framework will speed up and increase the completeness of both qualitative and (semi-)quantitative 
assessments by guiding and structuring the process. Finally, the framework is also useful to complete an 
existing risk assessment. We tested the tool on Rift valley fever (RVF) because RVF incorporates many of 
the complexities of vector-borne infections in one infection. It affects multiple host species, is transmitted 
by multiple vector species and is a zoonosis. The framework was tested in a workshop with an international 
group of experts where the completeness of the framework was proven. It also showed to be practical for 
both quick and more detailed assessments.
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Simulating Salmonella dublin epidemiology within Danish dairy herds in the Dublin-Simherd model
Kudahl, A.B.1, Nielsen, L.R.2 and Østergaard, S.1, 1Aarhus University, Animal Science, Denmark, 2 
University of Copenhagen, Large animal sciences, Denmark; anneb.kudahl@agrsci.dk

An age-structured dynamic, stochastic and mechanistic Monte-Carlo simulation model of S. Dublin (‘Dublin-
Simherd’) was developed based on an existing model that incorporates complex feedback mechanisms 
between reproduction and culling in addition to the main effects of S. Dublin in dairy herds. The aim was 
to use this model to investigate the effect of hygiene, management and herd size on the population and 
infection dynamics of S. Dublin in neonatal calves, pre-weaned calves, weaned calves, growing heifers, 
breeding heifers and adult cows. Five infection states were simulated: susceptible, acutely infected, carrier, 
super shedder and resistant. The model simulated population and infection dynamics in each of the six 
age groups over a period of 10 years in weekly time steps. The effects of introducing one infectious heifer 
on the probability of spread of S. Dublin within the herd, duration of infection and epidemic size were 
estimated through 1000 iterations for 48 scenarios covering all combinations of three herd sizes (70, 200 
and 400 cows), four hygiene levels and four management levels. Poor hygiene increased the probability 
that the infection spread within the herd, duration of infection and epidemic size. Low herd susceptibility 
was influential, but not sufficient to control infection on its own. Probability of spread of infection upon 
exposure was independent of herd size. With increasing herd size good management and hygiene became 
more and more important to shorten durations of infection and increase the probability of extinction in the 
herd. In general, disease and mortality patterns followed epidemic waves in the herds. Sensitivity analyses 
of 24 alternative scenarios showed that a persistent carrier state was required in the model to mimic real 
life S. Dublin infections, while a super shedder state was not necessary.

The dynamics of livestock ownership, asset ownership and human health in rural households and 
the role of animal based product consumption: a cross sectional study in Western Province Kenya
Okell, C.N.1, Rushton, J.2, De Glanville, W.A.1 and Fevre, E.M.2, 1University of London, Royal Veterinary 
College, United Kingdom, 2University of Edinburgh, Centre for Immunity, Infection and Evolution, Institute 
for Immunology and Infection Research, United Kingdom; cokell@rvc.ac.uk

Ascertaining relative socio-economic position of households has become of recent focus in an attempt to 
identify those at greatest risk to adverse health or to guide allocation of resources in interventions. Asset 
ownership has become a proxy measure of the gold standard of the measurement of wealth, expenditure. 
However, due to the intricacy of livelihood strategies in rural areas, recent methods have been criticised 
for their urban bias. Frameworks by Carney (1998) and Dorward (2001) describe the complexity of rural 
livelihoods and demonstrate how the role of livestock, non – productive assets, and human wellbeing are 
interlinked. Whilst it is commonly stated that there is a collinear accumulation of multiple asset types and 
improved wellbeing there is little statistical evidence to support this theory. Indices of asset wealth, as a 
proxy measure of purchasing power, were created using principal component analysis and mixed effect 
linear regression models were used to assess the association with livestock ownership of homesteads – as 
measured by total livestock value. Univariate and multivariate methods analysed the association of both 
primary exposures with the nutritional health of household members and the role of animal based product 
consumption. The evidence suggests that livestock and expenditure are closely linked but that livestock 
ownership plays a neutral role in the provision of foodstuffs and health to individuals. However, more 
information is needed to explore the influence of non-livestock agricultural activities and alternative income 
sources. Livestock are likely to be more important at a community level demonstrating the social importance 
of livestock species and dependency upon them in a wider setting.
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Epidemiologic and economic simulation model for BVDV eradication scenarios in dairy herds
Santman, I., Van Schaik, G. and Mars, M., GD Animal Health Service, Netherlands; 
i.berends@gddeventer.com

Bovine Viral Diarrhoea Virus (BVDV) is highly prevalent worldwide and has a detrimental effect on the 
performance of dairy herds. The goal of this study was to determine what the costs and benefits are of 
reducing the BVDV prevalence in the Netherlands. An S (susceptible) I (infected) R (recovered) model 
on herd level was built. In this model BVDV prevalence and economic consequences were modelled from 
2010 up to 2020 (10 years). In total, eight potential eradication scenarios were simulated to evaluate the 
effects on prevalence of BVDV and the economic consequences, given either the presence or absence of 
the risk of BVDV from other types of cattle herds. The three most effective scenarios were: (1) All dairy 
herds will trace and cull BVDV carriers and their BVDV status will be monitored for 10 years. In addition, 
in the first three years all herds will be vaccinated. (2) Throughout the study period, an ear notch sample is 
taken from each newborn dairy calf, tested for BVDV, and culled if the calf appears to be a carrier. (3) All 
dairy herds will be screened for BVDV in the first year based on individual serum and bulk milk samples. 
In herds were BVDV is detected, an ear notch sample is taken from each newborn calf, carriers are culled 
and their dams are tested and culled if carrier as well. Herds without BVDV are monitored. After three 
years, all herds will enter the monitoring scheme and when BVDV is re-introduced carriers are traced and 
culled. Scenario 3 showed the largest decrease in the BVDV prevalence against the lowest costs. Scenario 
1 and 2 were slightly more expensive but were also very effective in decreasing the prevalence. However, 
when non-dairy herds will not control BVDV at the same time, BVDV may not completely be eradicated 
from the Netherlands in these three scenarios. Vaccination scenarios are very effective in eradicating BVDV, 
even if the non-dairy herds do not control BVDV, but are costly.

Modeling the economic consequences of indicator based treatment strategies against subclinical and 
clinical mastitis
Ostergaard, S., Bennedsgaard, T.W., Kudahl, A.B. and Jørgensen, C., Aarhus University, Department of 
Animal Sciences, Denmark; carina.jorgensen@agrsci.dk

Mastitis is costly for the dairy herd. Dairy farmers are adopting new technologies for dynamic monitoring of 
the mastitis status of the individual cow. As these systems provide routinely and more detailed information 
about subclinical infections it becomes a management issue, how to optimize mastitis treatment strategies 
accordingly. The aim of the study was to develop a model for simulating the economic consequences 
of indicator based treatment strategies against subclinical and clinical mastitis. Recent contributions in 
simulation of mastitis in a dairy herd include differentiation of pathogens, modeling the pathogen specific 
transmission dynamics, differentiation of clinical and subclinical mastitis, differentiation of the infection 
and the treatment and differentiation of types of treatment. The contribution of this study was to combine 
these characteristics in one model and to model detailed treatment criteria according to cow characteristics 
and alarms for infections. The model was implemented in the mechanistic, dynamic and stochastic SimHerd 
model. The treatments criteria included clinical signs, result from bacteriology or PCR, somatic cell count 
in the milk, lactation stage and the milk yield level of the cow. The different types of treatment included 
intramammary and intramuscular antibiotics and no treatment. The model was parameterized according 
to the literature and new experiments. A recent Danish study showed penicillin treatment of subclinical S. 
aureus mastitis had a beneficial effect on infection load (bacteriological cure), inflammatory status (somatic 
cell count and lactate dehydrogenase) and milk yield (MSc thesis of Duse and Albrechtsen, 2011). The new 
mastitis model was implemented in the SimHerd model and scenarios were simulated for combinations 
of treatment criteria and treatment types. Results for the technical and economic consequences of these 
scenarios in different dairy herds will be presented.
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Evaluation of alternative testing strategies for estimating likelihood of infection with Johne’s disease 
in Irish cattle herds
More, S.J.1, Sergeant, E.S.G.2, Strain, S.3, Kenny, K.4, Cashman, W.5 and Graham, D.6, 1University College 
Dublin, Centre for Veterinary Epidemiology and Risk Analysis, UCD School of Veterinary Medicine, Ireland, 
2AusVet Animal Health Services, Australia, 3Agri-Food and Biosciences Institute, Belfast, Veterinary 
Sciences Division, United Kingdom, 4Central Veterinary Research Laboratory, Ireland, 5Riverstown Cross, 
Ireland, 6Animal Health Ireland, Ireland; evan@ausvet.com.au

Animal Health Ireland is facilitating national discussion and action on a range of non-regulatory animal 
health issues in Ireland, including Johne’s disease (JD). A technical working group is developing the 
framework for a voluntary national JD control programme, which will involve herd classification. A 
simulation model was developed in the programming language R, to allow evaluation of testing strategies 
for initial herd screening and subsequent testing for JD in suckler and dairy herds in Ireland. Key model 
inputs included sensitivity and specificity estimates for the individual serum ELISA, the individual milk 
ELISA and the faecal culture, the design prevalence and testing options. Key model outputs include SeH 
(the probability that infection will be detected, if present at the design prevalence or greater) and ProbF 
the probability that infection in the herd is either absent or at very low prevalence (less than the design 
prevalence)). ProbF can be updated periodically as additional herd testing is undertaken and will form the 
basis for herd classification. Testing strategies evaluated include whole-herd testing, compared to testing 
of half the herd, for design prevalence values of both a single animal and 5% of the herd and using serum 
or milk ELISA with faecal culture follow-up, or faecal culture alone. Whole herd individual faecal culture 
provided the highest SeH and ProbF but was nearly four times the cost of serum ELISA plus faecal culture 
follow-up. ProbF declines over time unless producers significantly change their purchasing patterns to 
maintain closed herds or purchase only low-risk cattle.

Helminth infections: do they affect the productive efficiency of specialised dairy farms?
Van Der Voort, M.1,2,3, Van Meensel, J.1, Lauwers, L.1,3, Vercruysse, J.2, Van Huylenbroeck, G.3 and 
Charlier, J.2, 1Institute for Agricultural and Fisheries Research (ILVO), Social Sciences Unit, Belgium, 
2Ghent University, Faculty of Veterinary Medicine, Department of Virology, Parasitology and Immunology, 
Belgium, 3Ghent University, Faculty of Bio-Engineering, Department of Agricultural Economics, Belgium; 
mariska.vandervoort@ilvo.vlaanderen.be

Subclinical infections with gastrointestinal (GI) nematodes and liver fluke are an important cause of 
production losses in grazing dairy cattle. Attempts to evaluate the economic impact of these production 
losses were mainly based on partial analysis techniques, and few studies have looked more integrally at the 
impact on productive efficiency at farm level. The objective of this research is to analyse the effect of GI 
nematode and liver fluke infections on the technical efficiency in dairy farms. Farm-specific results from 
a parasitic monitoring campaign, expressed as an optical density ratio (ODR), are linked with individual 
farm data from the Belgian Farm Accountancy Data Network (FADN). As a result, a dataset of about 70 
specialised dairy farms is obtained, combining economic and epidemiologic information. Their technical 
efficiency (TE) is calculated with non-parametric data envelopment (DEA) analysis. Multiple variants of 
the DEA approach are used, differing in the way they incorporate infection in the production model. Rank 
correlation, regression models, and cluster analysis are used to analyse the relationship between TE and 
the level of helminth infection. Preliminary data analysis shows an ODR mean and standard deviation of 
0.82±0.21 and 0.79±0.34, for GI nematode and liver fluke infections, respectively. More than 80% of the 
farms have an ODR above 0.5, suggestive for a negative effect of helminth infections on milk production. 
The TE scores, which range between 0 (totally inefficient) and 1 (fully efficient), show a mean technical 
efficiency of 0.708. More than 90% of the farms are shown to produce at an inefficient level.
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Detection of Schmallenberg virus in the Dutch surveillance system
Van Schaik, G., Vellema, P. and Kock, P., GD Animal Health Service, Netherlands; 
g.v.schaik@gddeventer.com

In the Netherlands, a surveillance system is in place for detection of (emerging) infectious diseases at the 
Animal Health Service. This system consists, amongst others, of a telephone service that provides advice 
to veterinarians and farmers about animal health related problems that they encounter. The signals that are 
obtained from the field are discussed weekly in a multidisciplinary team of veterinarians, epidemiologists 
and pathologists. At the end of August 2011, several reports were made of a severe drop in milk production, 
watery diarrhea and sometimes fever in dairy cattle. Initially, the reports seemed to be clustered in the 
eastern part of the Netherlands. After two weeks reports were also received from other regions, including 
some adjacent regions in Germany reporting similar clinical problems in dairy cattle, except for diarrhea. 
The reports ceased in October. Blood and manure samples of clinical cases were obtained and tested, but 
no definite causal agent was found. On November 18th,FLI reported the isolation of Schmallenberg virus 
(SBV). In the last week of November, an increased number of congenital malformations in newborn lambs 
on sheep farms throughout the country were reported. In this case many flocks and many lambs were affected 
throughout the country. A real-time PCR for SBV was carried out on brain tissue of 54 deformed lambs, 
on 50 serum samples of dairy cows, which had shown clinical signs in August, and on 115 healthy cows 
sampled in November. In 22 lambs and 18 cows the virus was detected. The healthy cows all tested negative. 
In December, the first clinical cases in calves were reported and on January 23rd the first two calves were 
tested SBV positive. Based on the initial reports of clinical signs in dairy cows, the following case reports 
of lambs and calves, and census data on production, fertility and mortality of Dutch cattle and sheep herds, 
the sensitivity of the surveillance system for SBV and emerging diseases in general is discussed.

Modelling the net benefits of alternative management strategies for bacterial kidney disease in Scottish 
salmonid aquaculture
Soje, J.S., Hall, M., Maguire, S. and Kilburn, R., Scottish Government, Marine Scotland, United Kingdom; 
john.soje@scotland.gsi.gov.uk

Bacterial kidney disease (BKD) of farmed salmonid fish is caused by the pathogen Renibacterium 
salmoninarum which is often sub-clinical and might go undetected if diagnostic methods have low 
sensitivity. The observed prevalence of infected farms is low for salmon production relative to trout. 
Management measures such as movement controls constitute a regulatory burden, in financial terms, for both 
the Industry and Government. The awareness of the potential cost of disease in fish farming is increasing, 
but there has been little economic assessment of the costs of disease and benefits of intervention. This 
presentation describes a decision analysis model of the impact of BKD under different policy options. It 
uses event trees to assess the risks and then evaluate the net benefits of changing statutory controls, either 
strengthening or weakening them. In the tree, decision nodes depict policy options for which subsequent 
events have a probability of being uninfected or infected; this splits into diseased or sub clinically infected 
which in turn divides between those known or unknown to the authorities. These are states determined by 
a separate Susceptible-Infected (SI) model. These outcomes lead to consequent costs associated with on 
the one hand disease and on the other surveillance and movement restrictions. Total probabilities and costs 
can then be established at the end of each node; this however assumes that events are dependent. For each 
node the expected impact in any year as a result of changes in surveillance and intervention is the sum of 
the change in value from disease-related losses and the change in disease management costs to both business 
and the regulator. The model has helped the team to collectively structure the analysis and identify data 
sources from inspectorate, laboratory, and questionnaire, etc. The approach can be used for other diseases.
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Transmission of FMDV within and between species: quantification and comparisons
De Jong, M.C.M.1, Hagenaars, T.J.2 and Eble, P.3, 1Wageningen University, Quantitative Veterinary 
Epidemiology, Netherlands, 2Central Veterinary Institute of Wageningen UR, Quantitative Veterinary 
Epidemiology & risk assesment, Netherlands, 3Central Veterinary Institute of Wageningen UR, Virology, 
Netherlands; mart.dejong@wur.nl

Data on experimental transmission of FMDV between animals have been collected for a long time. In the 
previous century several countries have built special facilities to study transmission and other aspects of 
FMDV infection. The latter experiments sometimes also allowed observation of transmission events. More 
recently techniques have been developed for statistical inference on experimental data on transmission in 
small groups of animals. Therefore, we have undertaken to collect and statistically analyse existing data on 
transmission of FMDV. We focussed first of all the transmission of the virus in unvaccinated animals and 
on both within species and between species transmission. As far as this was in the same datasets we also 
looked at the consequences of vaccination on transmission. The species that were studied were cattle, pigs 
and sheep as these are the major livestock species. The results of our data collection can be summarised in 
a 3×3 matrix where either transmission rate parameters or transmission ratios are the matrix elements. Not 
all different combinations are studied equally well but by assuming separability between infectivity and 
susceptibility of each of the species we could for example infer that transmission from cattle to pigs has a 
low transmission rate whereas it was observed that transmission from pigs to cattle has a high transmission 
rate. The data apply to transmission between individual animals but for the control of FMDV quantitative 
data for the transmission rates between farms with the same or different species is even more important. 
We will discuss possibility of extrapolating from the between individual rates to those between farm rates. 
In addition we will discuss the data gaps and how we could attempt to fill them.

Culling of livestock: not for vector-borne infections!
Fischer, E.A.J., Central Veterinary Institute, part of Wageningen UR, Epidemiology, Crisis organisation 
and Diagnostics, Netherlands; egil.fischer@wur.nl

Removal of selected livestock (i.e. culling) is an important measure in the control of an infectious disease 
outbreak. However, the impact of culling for a vector-borne disease is not straightforward. Culling reduces 
the infectious period of hosts, but due to an increase in vector-host rate the speed of spread within a host 
population can increase. Furthermore, increased migration of vector, due to a local lack of hosts, might 
increase the spread between host populations. The reproduction number, the magnitude of a local outbreak 
and the spread between host populations of a vector-borne disease are investigated with a mathematical 
model. Several culling strategies were assessed on the effect on the development of the outbreak, number 
of livestock lost, and spread to other populations for different culling rates, values of R0 and time until 
detection of the infection. Preventive culling of susceptible hosts is counter-productive, unless all possible 
susceptible hosts are removed from the target area. Culling of susceptible and seropostive hosts during an 
outbreak increases the size and duration of an outbreak, and the number of lost livestock for a large range 
of R0 and culling rates. In contrast, culling of viremic hosts is a strategy that reduces the size and duration 
of an outbreak and minimizes its damage in livestock lost. The spread of vector-borne infection between 
host populations might be prevented by culling. However, if started too late culling decreases the time until 
spread to another host population, and increases the number of infectious bites in other host populations. 
Important factors, such as R0 and the time since introduction, are unknown during an outbreak of a new 
non-endemic vector-borne disease. If these factors are judged incorrectly culling might worsen the outbreak. 
Hence, culling is a dangerous policy in the control of a new vector-borne disease.
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Using mixed treatment comparison meta-analysis to compare antibiotic treatments for bovine 
respiratory disease
O’connor, A., Coetzee, J. and Wang, C., Iowa State University, Veterinary Diagnostic and Production Animal 
Medicine, USA; oconnor@iastate.edu

The principle behind mixed treatment comparison meta-analysis (MTC) is to use evidence from the full 
network of trials to make inferences about comparative efficacy. Mixed treatment comparison meta-
analysis combines direct and indirect estimates of efficacy using a network of information from trials, 
while accounting for lack of randomization at the study level. The rationale for conducting MCT meta-
analysis have been summarized as follows: to quantify differences between interventions where no direct 
comparisons exist, to rank treatments when multiple options exist, to borrow evidence from indirect 
comparison when few direct comparisons exist and to assess sources of bias in a network of trials. We use 
treatment for bovine respiratory disease to illustrate the application of MTC to therapeutic interventions in 
veterinary science. The network of evidence contained 13 active therapy arms and a non-active control arm. 
The analysis used data from 88 trials from 36 manuscripts and FDA reports. 36 trials were identified in the 
peer-reviewed literature and the remaining trials were identified in the FDA drug summaries. The model was 
a random effects model to accommodate multi-arm trials. This approach incorporates a covariance structure 
that accounts for multiple non-independent study arms, a factor that cannot be accommodated in standard 
meta-analysis. The model was fitted by calling WinBUGS through R using the R2WinBUGS package. The 
output of the model were estimates of the log odds of failure in the treatment arm, the odds ratio/risk ratio 
for all possible pairwise comparisons, a distribution of the ranking for each arm and an estimate of the 
‘worst’ treatment arm. The output from the MTC analysis for BRD antibiotics treatments provide examples 
of all four uses of MTC analysis including a ranking of best and worst treatments.

Association of antimicrobial use and resistance in bovine mastitis coliforms
Saini, V.1, Mcclure, J.2, Scholl, D.3 and Barkema, H.1, 1University of Calgary, Canada, 2Atlantic Veterinary 
College, Canada, 3South Dakota Agricultural Experiment Station, USA; vsaini@ucalgary.ca

Concurrent data on antimicrobial use (AMU) and resistance are needed to contain antimicrobial resistance 
(AMR) in bacteria. The present study examined the association between herd-level AMU and AMR in 
Escherichia coli (n=394) and Klebsiella species (n=139) isolated from (sub)clinical mastitis cases on 89 dairy 
farms in 6 Canadian provinces. Antimicrobial use data were collected using inventory of empty antimicrobial 
containers and antimicrobial drug use rate was calculated to quantify herd-level AMU. MIC were determined 
using Sensititre NARMS Gram-negative MIC plate containing antimicrobials commonly used in a clinical 
setting. Multivariable logistic regression models were built to determine an association between herd-level 
AMU and AMR in bovine mastitis coliforms. Herd-level use of systemically administered tetracycline 
was associated with tetracycline resistance in Klebsiella species isolates (Odds ratio [OR]: 2.59). The use 
of systemically administered tetracycline was associated with tetracycline resistance in E. coli isolates 
on dairy farms using tetracycline and penicillin (OR: 3.61). Herds with tie-stall barns had higher odds of 
ceftiofur, ampicillin and kanamycin resistance in E. coli and sulfisoxazole resistance in Klebsiella species 
isolates than herds with free-stall barns (OR: 10.06, 14.15, 3.41, 3.96, respectively). Alberta dairy herds had 
lower odds of having ceftiofur-resistant E. coli isolates than dairy herds in Ontario (OR: 0.13); however, 
dairy herds in Alberta had higher odds of TMPS, tetracycline, kanamycin, ampicillin, and chloramphenicol 
resistance in E. coli isolates than dairy herds in Québec (OR: 1.89, 2.54, 4.94 5.48, 20.27, respectively). In 
conclusion, herd-level use of certain antimicrobials was positively associated with AMR in bovine mastitis 
coliforms. Barn type was positively associated with AMR for many antimicrobials. Geographical variation 
in AMR was also observed.
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The effect of cephalosporin usage on the occurrence of ESCs producing E. coli in pig herds
Andersen, V.D., Jensen, V.F., Agersø, Y. and Vigre, H., DTU Food, Denmark; vdan@food.dtu.dk

An increased occurrence of bacterial strains producing extended-spectrum cephalosporinases (ESCs) 
has been observed and it is now the fastest emerging antimicrobial resistance problems worldwide. The 
usage of 3rd- and 4th-generation cephalosporins (ceph.) in livestock is believed to be significant for the 
development and spread of ESCs resistance. Generic antimicrobials usage is assumed to have an impact 
on the spread of ESCs resistance as well. The objective of this study was to assess the effect of prescribed 
ceph. in pig herds on the occurrence of ESCs producing Escherichia  coli. The study was conducted in 19 
pig herds which have had five to fourteen prescriptions of ceph. and 20 pig herds without prescribed ceph. 
in a previous 12 month period. The 39 herds were all integrated and represent typical Danish pig farms. 
The occurrence of ESCs producing E. coli in the herds were tested in a total of 9 pooled samples per herd. 
A pig herd was considered positive if one or more of the nine samples contained ESCs producing E. coli. 
Initially, the association between usages of ceph. and occurrence of ESCs producing E. coli in the pig herds 
was analyzed using logistic regression, and the effect was adjusted for potential confounding effect due to 
purchase of pigs, number of sows, and use of disinfectant. The change of OR for ceph. usages, when the 
potential confounders were added were less than 20%, which indicated no confounding effect of these risk 
factors. Therefore, the effect of ceph. usage on occurrence of ESCs producing E. coli was estimated as risk 
ratio(RR). The results showed that consumption of ceph. increased the risk of occurrence of ESCs producing 
E. coli significantly with a RR of 5 (95% CI: 2-11). This demonstrates that ceph. usage significant affect the 
occurrence of ESCs resistance, and in order to limit further emerging and spread, considerations of ceph. 
use in livestock should be taken into account. The next phase will be to consider occurence of ESCs due to 
co-selection from generic antimicrobial usage.

Modeling within-host and on-farm dynamics of plasmid-mediated resistance to cephalosporin 
ceftiofur in commensal Escherichia coli in cattle
Volkova, V.1, Lanzas, C.2, Lu, Z.1 and Grohn, Y.T.1, 1College of Veterinary Medicine, Cornell University, 
Department of Population Medicine and Diagnostic Sciences, USA, 2College of Veterinary Medicine, The 
University of Tennessee, Department of Biomedical and Diagnostic Sciences, USA; vv87@cornell.edu

Enteric bacteria of food animals are a reservoir of antimicrobial-resistance genes. Antimicrobial pressure 
on these bacteria from enteric drug metabolites is poorly understood. Ceftiofur resistance in Escherichia 
coli in cattle is primarily mediated by a plasmidic blaCMY-2 gene. We built deterministic compartmental 
mathematical models to evaluate how the parameters of pharmacodynamics of ceftiofur enteric metabolites 
against E. coli, and the bacterial ecology impact on the frequency of resistance in enteric E. coli, and overall 
in the meta-population of commensal E. coli on a beef farm. The models showed that a low fraction of 
resistant enteric E. coli could persist without ceftiofur pressure, being influenced by ecological parameters: 
frequency of blaCMY-2 horizontal transfer, rate of replacement of enteric E. coli by ingested E. coli, and 
frequency of resistance in the latter. During therapy, irrespective of whether drug formulation was sustained-
release or not, resistant E. coli expanded in absolute number and relative frequency; this was determined by 
pharmacodynamics (e.g. MIC values). However 4 weeks after therapy and beyond, the ecological parameters 
were again most important. There was a substantial uncertainty in the outcome during and post therapy. 
On-farm dynamics of ceftiofur resistance in commensal E. coli depended on housing system (feedlot vs 
pasture), and other factors.
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A deterministic mathematical model for the within-herd transmission of Q fever in Dutch dairy goats 
to evaluate control measures
Bontje, D.1, Hogerwerf, L.2, Klinkenberg, D.2, De Koeijer, A.A.1, Nielen, M.2, Roest, H.I.J.1 and Van 
Roermund, H.J.W.1, 1Wageningen University and Research, Central Veterinary Institute, Netherlands, 
2Utrecht University, Faculty of Veterinary Medicine, Netherlands; daniel.bontje@wur.nl

In the Netherlands in the period 2007-2011 Coxiella burnetii led to four thousand detected human infections 
with Q fever and 24 confirmed deaths. The magnitude of the disease incidence was unprecedented. This 
public health problem is thought to be associated mainly with infected goat herds by exposure via air to 
dust particles formed from dung and birth products. The human case incidence declined substantially after 
vaccination of goat herds followed by culling of pregnant goats in positive tested herds. We developed a 
within-herd transmission model for Q fever in commercial Dutch dairy goat herds to evaluate the effect of 
control measures. Using knowledge from literature and from (yet) unpublished experiments, we developed 
and parameterised a flow-chart of a suitable transmission model, which optimally represents current 
knowledge on the biology, transmission and pathogenicity of C. burnetii. Based on this model, we calculate 
the expected C. burnetii emission of a randomly infected goat during its full infectious period, including the 
effect of persistent infection in the reproductive organs. Subsequently, we formulated the basic reproduction 
ratio of the infection, using the information regarding excretion. We found basic management methods can 
influence transmission and reproduction ratio of the infection, e.g. the birthing cycle frequency strongly 
affects transmission. Applied at the right age and moment vaccination as a control measure is effective, 
while dung treatment has little impact on within-herd transmission but does affect risks for public health and 
neighbouring farms. Measures to control within-herd transmission were ranked based on the reproduction 
ratio. Transmission to humans and other farms was ranked via total herd excretion of infectious material.

Dairy goat demography and Q fever infection dynamics in the Netherlands
Hogerwerf, L.1, Courcoul, A.2,3, Klinkenberg, D.1, Beaudeau, F.2,3, Vergu, E.4 and Nielen, M.1, 1Utrecht 
University, Faculty of Veterinary Medicine, Netherlands, 2LUNAM Université, Oniris, France, 3INRA, 
UMR1300 Bio-agression, Epidémiologie et Analyse de Risque, France, 4INRA, UR341 Mathématiques et 
Informatique Appliquées, France; L.Hogerwerf@uu.nl

Between 2007 and 2009, the largest human Q fever epidemic ever described occurred in the Netherlands. 
One of the putative causes was the intensified goat production system with associated abortion waves on 
infected farms. In the Netherlands, dairy goats are commonly kept in larger herds (600-1000 animals) than 
elsewhere in the world. However, the influence of herd size and other demographic characteristics typical 
for goat herds such as seasonality of kidding on the within-herd infection dynamics of Q fever were never 
studied. We adapted an existing, fully parameterized model for Q fever transmission in French dairy cattle 
herds, to represent dairy goat herds in the Netherlands. The original model represents the infection dynamics 
in a herd of 50 dairy cows after introduction of a single infected animal; the adapted model has 770 dairy 
goats. For a full comparison, also herds of 770 cows and 50 goats were modeled. The effects of herd size and 
demographic (goat versus cattle) characteristics on the probability of and time to extinction of the infection, 
environmental bacterial load and abortion rate were studied. Extinction after introduction of infection into 
the herd was more common in small herds versus large herds and in goat herds versus cattle herds. In the 
non-extinct simulations, a steady-state environmental bacterial load was reached faster in small herds than 
in large herds. In goat herds seasonal peaks of abortions and environmental contamination were observed. 
Abortion waves in goat herds behaved differently in the model than observed in the sparse field data.
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Reduction of Coxiella burnetii load in bulk tank milk using vaccination in Q fever affected dairy 
cattle herds
Taurel, A.F., Guatteo, R., Lehebel, A., Joly, A. and Beaudeau, F., Joint Research Group Oniris-INRA 
BioEpAR, Nantes, France; francois.beaudeau@oniris-nantes.fr

Coxiella burnetii is the infectious agent responsible for Q fever, a world wide spread zoonosis. Infection 
mainly occurs after inhalation of contaminated aerosols generated in the environment by domestic ruminants. 
Vaccination using a phase 1 vaccine has been shown as an effective tool to prevent shedding in ruminants 
at the animal level especially when applied on dairy heifers. Antibiotics (mainly tetracycline) are also used 
by practitioners as a medical measure to limit shedding especially around parturition, but their effectiveness 
has not been quantified yet. The aim of this study was to assess the impact of medical strategies applied 
on dairy cows, combining vaccination using a phase 1 vaccine and/or antibiotics at drying off on the 
evolution over time of the C. burnetii load that may be released by cows in the environment. As milk was 
reported as the main shedding route in cattle, the Cb load in Bulk Tank Milk (BTM) was here the criterion 
under study. In 74 Q fever clinically affected dairy cattle herds, BTM was sampled 3 months apart over 
one year. In each herd, all dairy cows were assigned to one of the 4 following strategies: (1) vaccination; 
(2) tetracycline; (3) vaccination and tetracycline; or (4) no intervention. The C. burnetii load in each 
BTM sample was quantified using qPCR (LSI, Lissieu, France). The likelihood for a given herd to show a 
reduction in C. burnetii load was quantified function of the implemented strategy using logistic regression. 
Herds implementing vaccination had a significantly higher probability to exhibit a reduction in C. burnetii 
load over time (OR=6.25; CI: 1.4-33.3) than herds with no vaccination. The reduction was the highest when 
at least the vaccinal coverage was >80% of dairy cows. Implementation of antibiotics had no significant 
effect on reducing the C. burnetii load in BTM. These findings confirm the effectiveness of vaccination on 
limiting C. burnetii shedding and provide some evidence for a rational use of antibiotics.

Vaccination of small ruminants to prevent Q fever in humans: what is the evidence?
Hogerwerf, L.1, Bouma, A.1,2, Roest, H.I.J.3, Vellema, P.4 and Nielen, M.1, 1Utrecht University, Faculty of 
Veterinary Medicine, Netherlands, 2Ministry of Economic Affairs, Agriculture and Innovation, Netherlands, 
3Central Veterinary Institute of Wageningen UR, Netherlands, 4Animal Health Service, Netherlands; 
L.Hogerwerf@uu.nl

A major Q fever epidemic started to occur in the general population in 2007 in the southern part of the 
Netherlands. An explanation was found in dairy goats farms, where abortion storms due to Coxiella burnetii 
had been observed since 2005. In Australia, persons at risk are vaccinated against Q fever. In contrast, in 
the Netherlands, dairy goats and dairy sheep were vaccinated in a specific geographic area with the aim 
to reduce abortions and bacterial shedding levels, thereby reducing the exposure of humans. We did an 
observational study to quantify the effect of vaccination on bacterial load in excreta of pregnant animals, and 
thereby indirectly on human exposure. At the time of the epidemic, only limited data on the vaccine efficacy 
was available. When despite control measures the number of human cases kept rising, politicians applied 
the precautionary principle and decided at the end of 2009 to cull all pregnant dairy goats and dairy sheep. 
On the day of culling, 957 dairy goats and dairy sheep from 7 vaccinated and 6 unvaccinated herds were 
sampled. Vaginal swabs, milk samples and uterine fluid were collected. In vaccinated animals, prevalence 
and bacterial load were reduced compared with unvaccinated animals. This indicates that vaccination may 
reduce bacterial load in the environment and probably human exposure to C. burnetii. The number of human 
cases was low in 2010 (~504) compared to 2009 (~2000), and was even lower in 2011 without additional 
culling (~82), suggesting a beneficial effect of the (combined) intervention measures. However, dose-effect 
relation for human disease and the role of environmental contamination or wildlife are still unknown. In 
conclusion, observational evidence suggests that vaccination of small ruminants helped to reduce the 
incidence of human Q fever to low levels.
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Risk factors for porcine reproductive and respiratory syndrome virus (PRRSV) infection on pig 
farms in England
Velasova, M.1, Alarcon, P.1, Williamson, S.2 and Wieland, B.1, 1Royal Veterinary College, United Kingdom, 
2Animal Health and Veterinary Laboratories Agency, United Kingdom; mvelasova@rvc.ac.uk

The objectives of this study were to: (1) evaluate the prevalence of porcine reproductive and respiratory 
syndrome (PRRS) infection in English pig herds; (2) identify the risk factors for active PRRS infection at 
herd level; (3) estimate the probability that an infected PRRS farm would be detected through passive disease 
surveillance. Data came from a cross-sectional study carried out in England in 2008/2009. Information on 
farm characteristics was collected through interview with farmers. Twelve blood samples from pigs aged 
>10 weeks were collected from each herd and tested for antibodies against PRRSV and, on farms where 
sows/gilts were vaccinated, also for virus using PRRSV specific RT-PCR. Risk factors for active infection 
were identified in multivariable logistic regression. The probability of detection of PRRS infected farm 
through passive disease surveillance was estimated using stochastic scenario tree model. Thirty percent of 
farms showed evidence of active PRRS infection. Live vaccine was more likely used on those farms. They 
were located in high pig density areas or had dead pigs collected. Weaning piglets at the age ≥28 days was 
found to be a protective factor compared to weaning slightly earlier. The overall probability of detecting 
an infected farm through passive disease surveillance was 1.21%. The lowest probabilities obtained were 
for infected farms located in high pig density areas and using live PRRS vaccine. This study indicates high 
prevalence of active PRRSV infection amongst English pig farms often in the face of vaccination to control 
the disease. The absence of significant clinical signs in endemically infected herds or vaccination may 
explain the low probability of passive disease surveillance detecting infected herds. The results support a 
combined approach of strengthened surveillance, vaccination and improved biosecurity to control PRRSv 
infection in a region.

The efficacy and effectiveness of Q fever vaccines in small ruminants: a systematic review and meta-
analysis
Oneill, T.J.1, Sargeant, J.M.1, Poljak, Z.1 and Schelling, E.2, 1University of Guelph, Centre for Public Health 
& Zoonoses, and Population Medicine, Canada, 2Swiss Tropical & Public Health Institute, University of 
Basel, Public Health and Epidemiology, Switzerland; toneill@uoguelph.ca

The European Food Safety Authority Scientific Opinion on Q fever (Coxiella burnetii) recommends 
vaccination of sheep and goats to prevent zoonotic transmission and reduce livestock production losses. 
To assess the quality of evidence and derive a pooled estimate of vaccine efficacy/effectiveness (VE), a 
comprehensive and replicable scoping study, systematic review and meta-analysis was undertaken. Primary 
research criteria of VE of inactivated whole-cell phase I vaccines to prevent Q fever shedding in small 
ruminants were identified, appraised, summarized or synthesized when appropriate. Sixteen electronic 
databases and grey literature were searched for potentially relevant publications. Abstract-level initial 
classification relevance screening, full-paper primary and secondary review, data extraction and assessment 
of study methodological risk of bias (RoB), were performed by two independent reviewers on included 
control trials (CT) and cohort studies (CS). From thirteen potentially relevant publications, four were 
excluded for non-relevant vaccine strains (n=1), lack of comparison group (n=1) and non-relevant (antibody 
assay) outcomes were reported (n=2). Extracted data of C. burnetii shedding in CT (n=5) and CS (n=4) 
contained sheep (n=8) and goat (n=8) data sets. Risk ratios (RR) were calculated from published raw data. 
A meta-analysis will be performed for studies reporting phase I vaccines to observe visual trends, assess 
heterogeneity for meta-regression, and present pooled estimates of VE. RoB of studies revealed unclear to 
high risk of bias across most design categories. Available evidence of Q fever VE in small ruminants needs 
to be interpreted with caution due to the low number of studies and observations, and limited methodological 
reporting that could potentially bias the outcome.

Session 22 Theatre 1

Session 21 Theatre 5



ISVEE – Book of Abstracts 2012 53

Modelling changes to the delivery of early warning surveillance
Floyd, T.1, Arnold, M.1, Hoinville, L.1, Rushton, J.2, Tearne, O.1, Haesler, B.2, Watson, E.1, Goddard, A.1, 
Gilbert, W.2, Brouwer, A.1, Nicholson, R.1, Milnes, A.1, Edwards, J.1 and Cook, A.1, 1Animal Health and 
Veterinary Laboratories Agency, Addlestone, Surrey, KT15 3NB, United Kingdom, 2Veterinary Epidemiology 
and Public Health, The Royal Veterinary College,North Mymms, AL9 7TA, United Kingdom; 
mark.arnold@ahvla.defra.gsi.gov.uk

Early warning surveillance has successfully identified several new, re-emerging and exotic diseases in 
the British cattle population in recent years, including Bluetongue, Bovine Neonatal Pancytopaenia and 
Psoroptic mange. It is expected that the benefits provided by early warning surveillance greatly outweigh 
the costs of implementation but there is a need to understand better the economic value of surveillance. 
Crucial to this is understanding the impact of alternative approaches to the delivery of surveillance on the 
time to detection of emerging disease. The aim of this project was to develop a simulation model to explore 
alternative allocations of resources for early warning surveillance in England and Wales, and to provide 
inputs into an economic assessment model. An individual animal-level model was built incorporating disease 
transmission, surveillance and control systems. A hypothetical disease with BSE-like characteristics was 
used and surveillance systems were represented by approximating the key decision making processes of 
farmers and vets, including factors such as farm history and distance from regional laboratory. Multiple 
streams of simulated surveillance data were used to trigger surveillance alerts. A baseline surveillance 
scenario was compared to scenarios incorporating free carcase collection and a dedicated telephone advice 
service. From the model output, the telephone advice service shifted the detection mechanism from post-
mortem to telephone data but had little effect on mean epidemic size or time to detection; whereas the 
carcase collection scheme was more costly to implement but resulted in quicker detection and fewer 
affected holdings.

A simulation method to reconstruct the longitudinal animal and herd level infection status based on 
repeated screening tests with no gold standard: application to paratuberculosis modeling
Zagmutt, F.J.1, Espejo, L.A.2, Groenendaal, H.1, Lima, J.R.2, Patton, E.3 and Wells, S.2, 1EpiX Analytics, 
USA, 2U. of Minnesota, USA, 3WI DATCP, USA; fzagmutt@epixanalytics.com

As gold-standard tests are not always available, evaluating the performance of imperfect tests is important 
to determine the infection status of animals regularly screened for disease. Although methods to evaluate 
performance of tests with binary outcomes exist, no methods are available to determine multiple infection 
states from longitudinal data such as fecal culture and ELISA tests for Mycobacterium avium subsp. 
paratuberculosis (MAP). The parameters from infectious disease models (IDM) are often estimated from 
such test results. Yet, the joint uncertainty in the test results is rarely considered. The objective of this 
study was to develop a method to estimate the confidence on the animal level infection progression using 
longitudinal screening test results, and use the results to estimate IDM parameters. Test results from a 
paratuberculosis control program were used to demonstrate the method. The results of 12,957 parallel 
fecal culture (HEY media) and serum ELISA (IDEXX) from 8 Minnesota dairy herds over 9 years, and 
970 fecal culture (TREK) from 3 Wisconsin dairy herds for 4 years were used to build a stochastic Markov 
Chain model for the within-herd spread of MAP and estimate its parameters. The infection/disease states 
were Susceptible, Latent, Low Shedder, Heavy Shedder and Clinical. Test parameters estimated with a 
latent-class Bayesian model were used to simulate a longitudinal disease trajectory for each tested animal. 
The uncertainty distributions of the IDM parameters were estimated iteratively using the animal-level 
trajectories. The parameter means were similar to those obtained using traditional MLE methods (at 95% 
confidence level) but the new method also produced joint uncertainty distributions unavailable elsewhere. 
Functional box-plots were used to validate the predicted animal trajectories via simulation studies.
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Assessing the sensitivity of serial testing for equine influenza in quarantined horses
Roche, S.E., Happold, J., Garner, M.G. and Chubb, G., Department of Agriculture, Fisheries, and Forestry, 
Australia; sharon.roche@daff.gov.au

In 2007 equine influenza (EI) was diagnosed in Australia’s horse population following its introduction 
with imported horses. The outbreak was eradicated following the single largest animal disease emergency 
response in Australia’s history. Subsequently, additional risk management measures for EI were introduced 
for horses in quarantine, including collection of nasopharyngeal swabs and testing by PCR, prior to release. 
A review of the effectiveness of the testing regimes for detecting EI in the absence of clinical signs was 
undertaken. This study examined the value of multiple tests for EI in horses during pre-border and post-
arrival quarantine, and in particular looked at the sensitivity of testing when the number and timing of tests 
is varied. A stochastic simulation model was developed to represent EI transmission within consignments 
of vaccinated horses in quarantine using a susceptible-exposed-infectious-recovered (SEIR) approach. The 
model was used to examine the effectiveness of multiple rounds of testing to detect EI virus in consignments 
over a 21 day period, taking into account that sample collection and test procedures are imperfect. The model 
uses conditional probabilities and parallel testing to determine the likelihood of failing to detect at least one 
infected horse following each test round and a cumulative probability that a consignment containing infected 
horses is not detected at the end of the quarantine period. This study provides a decision support tool for 
animal health authorities to assess testing protocols for detecting disease in animals whilst in quarantine. 
Key findings from the study show that transmission rates and the timing of testing influence the likelihood 
of detecting EI. The outcomes of this study will be useful to policy makers to reduce disease risks associated 
with international movement of horses.

An introduction of African Horse Sickness in the Netherlands; what to expect?
Mourits, M.C.M., Wageningen University, Business Economics, Netherlands; Monique.Mourits@wur.nl

African horse sickness (AHS) is a non-contagious, vector-borne disease of equines. The effects of the 
disease can be devastating and mortality rates may exceed 90%. AHS is endemic in sub-Saharan territories 
and East Africa. As a consequence of its severity and its ability to expand rapidly out of its endemic 
areas AHS is an OIE listed and regulated disease. Intervention measures are mainly based on the use of 
emergency vaccination and the installation of movement restriction zones. AHS virus is closely related to 
the Bluetongue (BT) virus and is spread principally by midges of the same species that transmit BT virus in 
ruminants. Following the expansion in 2006 of BT virus infection to the more temperate regions of Europe, 
concerns regarding the risk of AHS outbreaks transmitted by these midges into Europe are increased. With 
an estimated number of 450,000 horses (or 11 horses/km2), the Netherlands is one of the most densly horse-
populated countries in Europe. Main motivation for keeping horses is a passion for equestrianism as the 
majority of the Dutch horse population is kept for non-profit, recreational purposes. Only a minority (10%) 
of the horse premises is commercially managed, housing more than 60% of the horses. An outbreak of AHS 
is expected to result in large financial impacts and substantial social disruptions within the Dutch society. 
The aim of this research is to assess the potential socio-economic impact of an AHS epidemic and its control 
by quantifying the financial consequences of the primary stakeholders. Depending on the severity of the 
outbreak (0.5-2% of premises infected) and time needed to regain the AHS free status (27-38 months), total 
direct control costs ranged from €101 million till €232 million. Consequential losses exceeded the direct 
costs (ranging from €171 million to €284 million) and were mainly a consequence of applied movement 
restrictions, affecting primarily commercial stables. Training/sports stables were affected most, facing losses 
of more than €76,000 per stable.

Session 22 Theatre 5

Session 22 Theatre 4



ISVEE – Book of Abstracts 2012 55

Characterisation of the size, origin and fate of un-owned pets in the United Kingdom: results of a 
2010 census
Stavisky, J., Brennan, M.L., Downes, M. and Dean, R.S., School of Veterinary Medicine & Science, University 
of Nottingham, Centre for Evidence-based Veterinary Medicine, United Kingdom; 
jenny.stavisky@nottingham.ac.uk

The pet population is in a constant state of flux, with estimates suggesting that 14-25% of pets are removed 
from their home every year, and only one third remain in their original home throughout their lives. Many 
of these animals are either abandoned or relinquished to the care of charitable organisations. Little data 
exists regarding these animals. The aim of this study was to characterise this population, and to document 
its origin and fate. A sampling frame was formed by searching the databases of registered charities for 
England, Scotland and Wales, registers of breed rescues and internet searches of animal welfare websites. 
Overall, 2,556 contacts for 1,420 organisations were identified. All were sent a questionnaire asking for 
data on the number of dogs and cats housed, their origins and fates, and details of husbandry during 2010. 
For those which were registered charities (582), their financial records for this period were also obtained. 
A total of 739 questionnaire responses were obtained, representing 502/1,420 (35.4%) of the organisations 
identified. These respondents cared for a total of 89,516 dogs in 2010. Most dogs (39%) were relinquished 
by their owner, or found straying (27.4%). Data were available for the eventual fate of 83404 dogs (93.2% 
of the total). The majority were rehomed (74.5%) or reunited with their owner (7.2%); however, 10.5% 
(8,864) dogs were euthanased. Respondents cared for a total of 157,163 cats, of which a similar proportion 
(9.4%, 14,800), were euthanased. Financial records were available for 525/582 (90.2%) of the registered 
charities. Their total expenditure in 2010 was £205,877,158. This study shows the scale of the un-owned 
pet problem, with considerable implications for the welfare of this population. The substantial numbers 
euthanased, despite the resources expended, suggests that further understanding of how and why pets 
become un-owned is essential.

Risk factors and control of FIV and FeLV infections in Danish cats
Agger, J.F. and Thomsen, R.L., Dept. Large Animal Sciences, Faculty of Health and Medical Sciences, 
University of Copenhagen, Denmark; jfa@life.ku.dk

The objective was to identify risk factors and trends in prevalences as related to control of infections with 
Feline Immunodeficiency Virus (FIV) and Feline Leukemia Virus (FeLV) in Danish cats from 1994 to 
2010. Three datasets were used for the study: Set I: inclusion of 2890 unowned free-roaming cats from 
Society for the Protection of Cats tested during 2000-2010 in a catch-neuter-release program with focus 
on FIV/FeLV testing, neutering, ear tattooing and release into the same area where they were caught. Set 
II: inclusion of 968 mainly unowned free-roaming cats from Inges Cat Home tested during 1994-2008 in 
a similar catch-neuter-release program. Set III: inclusion of 7,255 stray cats or client-owned cats found in 
distress partly tested by The Danish Animal Welfare Society at 16 animal homes during 2006-2009. The 
first two datasets were analysed separately in logistic regression and trends in prevalences were compared 
to the third dataset which was only available in tabulated form. The average prevalences of FIV in the three 
sets were 7.5%, 15.4% and 0.3-1.7%, and the average prevalences of FeLV were 0.8%, 3.6% and 0-0.9% 
respectively. The prevalence in Set II increased from 1994 to 2002 followed by a general decrease for both 
diseases. Prevalences in Set I also showed a general decrease for both diseases from 2002. Significant FIV 
risk factors included male gender, increasing age, solitary lifestyle and being tested during the breeding 
season February-August. Significant FeLV risk factors included male gender and certain geographical 
regions. The reduced prevalences during the period 2002-2010 are possibly an effect of the voluntary control 
program for both diseases. The low prevalence of FeLV may be an effect of vaccination against this disease. 
Differences in FIV and FeLV prevalences between the three animal welfare organizations are presumably 
due to different criteria and consistency in testing cats. Thus, such data shall be used with caution.
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Preliminary epidemiological and spatial investigations into an emerging seasonal canine illness in 
Great Britain
Robin, C., Cruz, F., Ireland, J. and Newton, R., Animal Health Trust, United Kingdom; 
charlotte.robin@aht.org.uk

Seasonal canine illness (SCI) is a recently emerged disorder of unknown aetiology in Great Britain that 
manifests with gastrointestinal signs in dogs, occasionally fatally, soon after walking in woodland areas 
in late summer and autumn. SCI was investigated using a case control study based at one affected site 
in Norfolk. Questions were based on routine health and management of the dog and management and 
behaviour of the dog during the visit to the site and included a detailed map for owners to indicate routes of 
walks taken. Cases were dogs that walked at the site and developed two or more clinical signs of vomiting, 
diarrhoea, abdominal pain, fever, lethargy, anorexia and muscular tremors. Control dogs were walked at 
the site but did not become ill. Data from 2010 and 2011 were collated on 80 cases and 192 controls and 
analysed using logistic regression and spatial analyses. Controlling for year of study, multivariable analysis 
revealed distance travelled was a significant risk factor, with dogs travelling further than 100 km being 
more than 3 times more likely to become affected with SCI compared to those travelling from less than 10 
km away (OR=3.24, P=0.013) and dogs were at a decreased risk if walking more than one route (OR=0.51, 
P=0.042) whilst at the site. Spatial analysis of 2010 data highlighted areas of the site with a higher ratio 
of cases compared to controls and these areas, deemed at higher risk for SCI, were indeed where cases 
subsequently occurred in 2011 when they were investigated during site visits by a naturalist. Although the 
specific aetiology of SCI remains unknown, the study provided insights into specific features of populations 
at risk and geographical sites worthy of further investigation. Site visits conducted soon after cases recurred 
in September 2011 strongly suggested that toxins from blue-green algae, poisonous plants and fungi were 
unlikely to be causes of SCI. Investigations into alternative theories and pathogenic mechanisms for the 
disease are continuing.

Using metrics in animal shelters in the US
Scarlett, J. and Greenberg, M., Cornell University, Population Medicine and Diagnostic Sciences, USA; 
jms15@cornell.edu

The new veterinary discipline, ‘Shelter Medicine’, has grown tremendously during the past 13 years. As 
shelter software evolves to enable the collection and retrieval of health-related data, shelter veterinarians 
have the growing capability of using metrics in their shelter health programs. While similarities to livestock 
population health metrics are apparent, differences also exist. We have been working to identify the metrics 
most pivotal to achieving and maintaining population health in animal shelters. These include capacity 
measures (e.g. physical and staffing), monitoring daily census and length of stay estimates, as well as 
traditional incidence measures of disease frequency. Shelters not using these metrics are limited in their 
ability to monitor the status of the health of their populations and assess the effectiveness of new protocols 
aimed at continuously improving the health and welfare of their animals. Most staff and many veterinarians 
are unfamiliar with using metrics to manage the health of dog and cat populations. Veterinarians have been 
exposed to herd health concepts during their training, but many companion animal-oriented practitioners 
have never needed to utilize these concepts in the care of individual patients. Teaching staff and veterinarians 
how to calculate and interpret basic metrics to assist them in the management of their health programs has 
been an important goal of the Maddie’s Shelter Medicine Program at Cornell. We have been identifying 
and working with pivotal management measures (e.g. length of stay) and evaluating their impact on disease 
rates to help train shelter personnel. Not surprisingly, exceeding shelter capacity and increasing length of 
residence in the shelter are two highly influential metrics. Demonstrating these relationships, graphing 
disease rates and demonstrating how personnel can evaluate the effectiveness of changes in protocols is 
beginning to make metrics monitoring a routine tool for shelter veterinarians.
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Disease surveillance in dogs and cats: a practitioner-based system
Ward, M.P.1 and Kelman, M.2, 1The University of Sydney, Faculty of Veterinary Science, Australia, 2Virbac 
Australia, Australia; michael.ward@sydney.edu.au

In 2010, a prospective national disease surveillance project was launched in Australia to capture data on 
diseases in dogs and cats. This system – called Disease Watchdog – is based on the reporting of disease cases 
by veterinary practitioners. Since its launch, approximately 40% of Australian practitioners have registered 
and participated in Disease Watchdog, attracted by the information generated from this system (including 
real-time disease mapping). Practitioners can report a range of diseases, including canine parvovirus, 
distemper and hepatitis; feline calicivirus, herpesvirus, infectious peritonitis and leukaemia virus; and 
tick paralysis. Ancillary data recorded include practitioner information, case occurrence date and location, 
species, breed, age, gender, neuter status, disease, case diagnosis method, case outcome, vaccination status, 
vaccine given and vaccination date. In addition, there is an optional field to record litters infected. During 
2010 and 2011, 8,443 disease reports were submitted to Disease Watchdog. The conditions most commonly 
reported were tick paralysis (n=4,499, 53.3%) and canine parvovirus (n=3,372, 39.9%). Estimated case 
fatality rates were 58% (canine hepatitis), 23% (canine parvovirus), 7.4% (tick paralysis), 1.6% (feline 
calicivirus), 1.3% (feline herpevirus). To date, information generated by Disease Watchdog has been used 
to investigate risk factors for canine parvovirus mortality and disease clustering. The risk of death was 
significantly associated with season of diagnosis (summer) and pedigree type (hounds and non-sporting 
dogs). Clusters were found to occur in postcode areas with a greater level of relative socioeconomic 
disadvantage and a lower rank in education and occupation (P<0.05). Although the project is still in its 
infancy, already new information on the distribution and risk factors for diseases of dogs and cats has been 
produced. This system is continuing to evolve to include new diseases and additional information.

Exploring the epidemiology of canine and feline overweight/obesity in United Kingdom using a 
national database of veterinary practices
Courcier, E.A.1, Mellor, D.J.1, Pendlebury, E.2, Evans, C.2 and Yam, P.S.1, 1University of Glasgow, United 
Kingdom, 2PDSA, United Kingdom; e.courcier@vet.gla.ac.uk

Most studies investigating companion animal obesity have been restricted to small geographical areas, 
which is a major constraint to understanding the epidemiology of companion animal obesity. The aim of 
this study was to describe canine and feline obesity prevalence, geographical distribution and demographic 
risk factors from a UK wide first opinion veterinary practice database. Body condition scores were available 
for 7,821 dogs and 3,227 cats from 46 practices collected between 2008 and 2010. The prevalence of 
overweight/obesity was 11.5% in cats and 25% in dogs. Using both SatScan and GLMMs, we found a higher 
prevalence of overweight/obesity in dogs within Scotland compared to England & Wales. No significant 
spatial differences in overweight/obesity were found in the cat population. The canine GLMM (with 
random effects being practices nested within regions) showed that males were less likely than females to 
be overweight, neutering increased the likelihood of being overweight and animals were more likely to be 
overweight with middle age. Certain breeds appeared at greater risk. A fixed effects-only model provided 
a better fit to the feline data. Sex, neutering and age remained in the final model with the main difference 
being that male cats were at increased risk. No breed effects were evident from the feline dataset. Further 
exploration between the relationship of canine age and breed was carried out using GAMs. This study has 
confirmed that neutering, age and sex are important risk factors associated with overweight/obesity for both 
species. There were important differences in the epidemiology of canine and feline obesity: namely the 
spatial distribution and impact of breed. Understanding these differences may help to unravel the complex 
pathogenesis of obesity in cats and dogs.

Session 23 Theatre 6

Session 23 Theatre 5



58 ISVEE – Book of Abstracts 2012

Extracting the evidence: veterinary practice-based research
Jones-Diette, J.S.1, Brennan, M.1, Cobb, M.1, Parkin, T.2 and Dean, R.1, 1The University of Nottingham, 
School of Veterinary Medicine and Science, United Kingdom, 2University of Glasgow, School of Veterinary 
Medicine, United Kingdom; stxjj2@nottingham.ac.uk

The principle of Evidence-based Veterinary Medicine (EVM) is to employ high quality research from 
population samples to enhance clinical decision making for the optimal treatment of individual patients. In 
order to identify areas in which research is needed, it is necessary to understand which conditions present 
most commonly, and determine perceived gaps in information. The aim of this pilot study was to investigate 
the feasibility of extracting data, from a practice management software (PMS) system used in a first opinion 
veterinary practice, and to assess the value of the data extracted. The Centre for Evidence-based Veterinary 
Medicine (CEVM) in collaboration with Vet-One and the Vet XML Consortium, designed a PMS extraction 
method to access information from the Electronic Patient Records (EPRs) of one first opinion veterinary 
practice. An XML schema was used to select and extract data of interest. Over a three week period all 
practice based consultations were extracted. A veterinary database of small animal EPRs containing case 
histories and consultation details was created. Three hundred and fifty eight animal records were extracted 
and downloaded to the database. The predominant species examined were dogs (57.3%), cats (26.8%) and 
rabbits (2.2%). A total of 862 records were extracted including animal demographic fields (e.g. species, age, 
breed), consultation information (e.g. condition history, examination findings, and consultation outcome) 
and any treatments given. Validation confirmed 100% accuracy for extraction. The results of this pilot study 
suggest the extraction of clinical data from veterinary PMS systems is a viable method for the capture and 
analysis of small animal health data, and for practice-based research. The aggregation of patient data and 
analysis of this type can provide information that is suitable for longitudinal and observational studies, and 
offers a unique method for practice-based research.

Mining free-text companion animal medical records for surveillance
Anholt, M.1, Stephen, C.1,2, Jamal, I.3 and Berezowski, J.4, 1University of Calgary, Canada, 2Centre for 
Coastal Health, Canada, 3AQL Management Consulting, Canada, 4Ross University School of Veterinary 
Medicine, Saint Kitts and Nevis; rmanholt@ucalgary.ca

The lack of an efficient systematic and standardized means for collecting and analyzing pet animal data is a 
significant obstacle to evidence-based companion animal medicine, the appropriate assessment of the role of 
pets in the epidemic of antimicrobial resistance and the application of pets as sentinels of emerging public 
health risks. Approximately 30% of the pet practices in the city and the surrounding rural areas of Calgary, 
Canada used electronic medical records in 2009. A data extraction program was developed and installed 
on the computers at 12 sentinel companion animal practices. Data were collected from January 1, 2007 
to December 31, 2010. The extracted data were integrated and stored in a data warehouse for subsequent 
analyses. Infectious enteric diseases of pets were used as the case study. As there were a limited number of 
confirmed diagnoses, we used syndromic surveillance of ‘diarrhea’ to classify the patients. The data were 
in a free-text format without any structure such as pick lists, codes or fixed vocabulary. A linguistics-based 
text mining program was used to automatically encode and extract cases of diarrhea. The data extraction, 
text-mining and space-time epidemiology software were applied to a one year simulated prospective 
surveillance system and they were evaluated for their ability to provide an early warning with effective and 
efficient surveillance. The ability of the text-miner to accurately identify cases was determined by comparing 
its results to a manual review of the records. The sources of false positive and false negative cases will be 
presented and an assessment of the capacity for the electronic medical record and informatics to assess for 
spatial and temporal clusters will be discussed.
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Differences between samples of vet-registered and vet-visiting cats
Murray, J.K.1, Habacher, G.2 and Gruffydd-Jones, T.J.1, 1University of Bristol, Veterinary Sciences, United 
Kingdom, 2Raddenstiles Veterinary Centre, United Kingdom; jane.murray@bris.ac.uk

Case-control studies of companion animals often recruit controls from veterinary practices. Animals 
attending for veterinary appointments (‘vet-visiting’ (VV) animals) are sometimes used as animals/owners 
are readily available for examination and/or questionnaire completion; however this sample is anecdotally 
thought to be biased towards young animals presenting for vaccination/neutering or older animals with age-
related signs of ill health. An alternative strategy of sampling animals from practice registers (‘vet-registered’ 
(VR) animals) that may/may not have attended an appointment recently, is sometimes used to try to reduce 
selection bias, despite problems such as out-of-date records. This study aimed to compare characteristics 
of cats selected by these two sampling methods. A convenience sample of 20 UK veterinary practices was 
used. A questionnaire was issued to the first 30 compliant cat-owning clients attending an appointment on 
a specific week at each practice (VV sample). Practice staff mailed a questionnaire, and a reminder to non-
responders, to 20 randomly selected cats from their practice register (VR sample). A multivariable logistic 
regression model was based on 232 VV and 101 VR cats. No significant differences existed for age, pedigree 
or neuter status; however, VV cats were significantly more likely than VR cats to be restricted to indoor-only 
access (OR=3.5, 95% CI 1.6-7.5), to have not been vaccinated as a kitten (OR=4.0, 95% CI 1.4-11.3), to 
have been vaccinated within the last three years (OR=2.5, 95% CI 1.2-5.3), to have had an appointment at 
the practice within the last year (OR=2.5, 95% CI 1.2-5.3) and to be taking antibiotics (OR=4.9, 95% CI 
1.6-14.5). Therefore, indoor/outdoor lifestyle and history of vaccination risk factors for diseases such as 
feline idiopathic cystitis and injection-related sarcomas need to be interpreted with caution as the strength 
of associations with identified risk factors may be influenced by control selection methodology.

Primary practice clinical data for companion animal surveillance
O’neill, D.1, Church, D.1, Mcgreevy, P.2, Middleton, S.1, Summers, J.1, Thomson, P.2 and Brodbelt, D.1, 1The 
Royal Veterinary College, Veterinary Clinical Services, United Kingdom, 2University of Sydney, Faculty of 
Veterinary Science, Australia; doneill@rvc.ac.uk

Introduction Companion animal health data derived from referral caseloads, pet insurance, cancer registries 
and surveys are limited by constrained disorder lists and inherent selection bias. Primary practice-based 
systems address these limitations by including all disorders diagnosed and all clinic-attending animals. This 
paper describes the implementation of the VetCompass project (http://www.rvc.ac.uk/VetCompass), sharing 
clinical data from UK first-opinion veterinary practices for epidemiological research. Method Practices, 
recruited via notices in the press, agreed to record summary diagnoses using VeNom Code terms (http://
www.venomcoding.org) following episodes of clinical care. Clinical data fields extracted from practice 
management systems included patient ID, species, breed, sex, neuter status, insured status, microchip 
number, age, clinical notes, treatment and diagnosis. A secure structured query language (SQL) database was 
developed to store data and facilitate queries. A pilot project validated data management and research utility 
prior to extended project roll-out. Results A pilot project (2007-2009) with 7 clinics efficiently captured 
clinical data for 9,872 cats and 10,007 dogs within 129,387 unique episodes of clinical care. Summary 
diagnosis terms were recorded for 22,111 of 38,872 (56.88%) episodes of care with pharmacotherapy. 
Subsequent project expansion collaborated with 92 clinics with data on 101,000 cats and 111,000 dogs and 
over 2 million episodes of care (Feb. 2012). Breed and sex data were available for 99% of cats and dogs. 
Future applications will evaluate pyoderma in dogs, cancer in dogs and also the role of breed in predisposition 
to disorders of dogs and cats. Conclusion The VetCompass project demonstrates that veterinary first-opinion 
clinical data can be successfully captured and will be a useful epidemiological research tool.
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Antimicrobial resistance trends among Salmonella isolates obtained from dairy cattle and dairy farms 
in the northeastern USA, 2004-2010
Cummings, K.J.1, Perkins, G.A.2, Khatibzadeh, S.M.2, Warnick, L.D.2 and Altier, C.2, 1Texas A&M University, 
USA, 2Cornell University, USA; kcummings@cvm.tamu.edu

Monitoring antimicrobial resistance trends among bacteria isolated from food animals and people is 
necessary to inform public policy regarding appropriate antimicrobial use. Our objectives were to describe 
the antimicrobial resistance status of Salmonella isolates from dairy cattle and dairy farms in the northeastern 
USA and to identify trends in resistance to various antimicrobial agents over time. Data were collected 
retrospectively for all bovine Salmonella isolates that were obtained from samples submitted to Cornell 
University’s Animal Health Diagnostic Center between January 1, 2004 and December 31, 2010. Temporal 
trends in the prevalence of resistant Salmonella were investigated for each antimicrobial agent using the 
Cochran-Armitage trend test. Antimicrobial susceptibility testing was performed on 4,589 bovine Salmonella 
isolates during the study period. Resistance to each antimicrobial agent ranged from 0% (amikacin) to 73.9% 
(sulfadimethoxine). There was evidence of a significantly decreasing trend in prevalence of resistance to 
most agents: amoxicillin/clavulanic acid (AUG), ampicillin (AMP), cefoxitin (FOX), ceftiofur (TIO), 
ceftriaxone (AXO), chloramphenicol (CHL), florfenicol (FFN), chlortetracycline (CTET), oxytetracycline 
(OXY), tetracycline (TET), kanamycin (KAN), neomycin (NEO), spectinomycin (SPE), streptomycin 
(STR), and sulfisoxazole (FIS). Among the 1,727 isolates that were tested using the National Antimicrobial 
Resistance Monitoring System (NARMS) panel, the most common resistance patterns were pan-susceptible 
(51.5%), AUG-AMP-FOX-TIO-AXO-CHL-KAN-STR-FIS-TET (10.3%), AMP-KAN-STR-FIS-TET 
(7.9%), and AUG-AMP-FOX-TIO-AXO-CHL-STR-FIS-TET (7.9%). These results do not support the 
notion that the current level of antimicrobial use in dairy cattle is driving an increase in the emergence and 
dissemination of drug-resistant Salmonella in the region served by the laboratory.

Antimicrobial resistance surveillance: bacterial prevalence estimates are not enough
Scott, H.M.1, Norby, N.2 and Loneragan, G.H.3, 1Kansas State University, USA, 2Michigan State University, 
USA, 3Texas Tech University, USA; hmscott@vet.k-state.edu

Surveillance programs for monitoring antimicrobial resistance in foodborne (enteric) bacteria largely 
focus on estimating and comparing phenotypic prevalence among different livestock species, their farm 
environments and food products, and assessing trends over many years. Often, these monitoring systems 
have a high threshold for detection of rare resistance geno- and pheno-types owing to: (1) relatively small 
sample sizes that are further diluted by multiple species/strain/antimicrobial combination endpoints; and (2) 
the use of non-selective media that, while assuring unbiased resistance prevalence estimates at the bacterial 
population level, provide little confidence in freedom from the presence of bacterial resistance at the sample 
/ animal / pen / farm / industry / country level, particularly for commensal (indicator) organisms. Much 
of the latter problem lies with the enormous size of the bacterial population in a single gram of feces, and 
therefore the relatively small probability of culturing a strain unless it is present in relatively high numbers. 
Very few surveillance programs specifically target early detection and characterization of emergent strains of 
resistant bacteria, particularly in the years immediately following the introduction of new classes, variants 
or formulations of antimicrobial. This has serious implications for the utility of these surveillance programs 
in ensuring food safety and protecting public health. Using the relatively recently introduced 3rd generation 
cephalosporin class of antimicrobial and the more longstanding tetracycline class as contrasting examples, 
we illustrate an alternative approach to monitoring and surveillance that blends elements of more traditional 
resistance prevalence estimation with targeted detection and strain characterization; this, in order to better 
understand novel threats to food safety and potentially mitigate emerging problems before it is too late.
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Antimicrobial resistance profile in faecal Escherichia coli of sows and their offspring in the farrowing 
unit and their interaction
Callens, B., Maes, D., Boyen, F., Haesebrouck, F. and Dewulf, J., Faculty of Veterinarian Medicine, Ghent 
University, Belgium; benedicte.callens@ugent.be

Sows and their respective piglets from 3 pig herds were sampled to determine the antimicrobial resistance 
profile of faecal Escherichia coli for 7 different antimicrobials. On each farm, fecal samples were taken 
from twenty sows before parturition, at birth and at time of weaning of the piglets. From each sow, three 
piglets were sampled at birth (before any antimicrobial administration), at 14 days of age and at weaning. In 
each herd, antimicrobial usage data were collected for the sows and piglets during the suckling period and 
quantified as treatment incidences or the number of days during which an animal was administered one dose 
of an antimicrobial agent. The percentage of resistant E. coli isolates was compared between samples from 
piglets taken at the various sampling times and between sows and their respective piglets. Antimicrobial 
resistance to all tested antimicrobials was found in E. coli obtained from newborn piglets independent of a 
direct antimicrobial selection pressure. However, the administration of antimicrobials around birth to their 
dam can result in an indirect selection pressure for the microbiota of the piglets. After birth, resistance in 
E. coli from piglets increased for ampicillin, ceftiofur, enrofloxacin and trimethoprim/sulfadiazine after the 
administration of antimicrobials and decreased again swiftly for ceftiofur, enrofloxacin and trimethoprim/
sulfadiazine after 14 days of age and before weaning. Resistance in E. coli from sows at birth and weaning 
was seen as a risk factor for resistance in their respective piglets at 14 days of age and weaning respectively. 
This confirms the commensal gut flora of the sows as a reservoir for antimicrobial resistant E. coli isolates in 
their litter. These data indicate that the level of antibiotic resistance in piglets is not stable in the early stage 
of life and is dependent on the level of antibiotic used in the piglets and the degree of resistance in the dam.

Screening bulk tank milk for methicillin resistant Staphlylococcus aureus in Ohio dairy farms
Da Costa, L.C., Rajala-Schultz, P.J., Hoet, A., Van Balen, J. and Schuenemann, G.M., The Ohio State 
University, Veterinary Preventive Medicine, USA; paivi.rajala-schultz@cvm.osu.edu

Initially a problem in human hospitals, Methicillin resistant Staphlylococcus aureus (MRSA) has emerged 
as a concern in veterinary medicine as well in the last few years. A large range of animals, including 
companion animals, livestock and exotic species has been diagnosed with MRSA infections or identified 
as healthy MRSA carriers. The origin of MRSA in livestock is different from that in companion animals: 
In food animals, a distinct strain (ST 398 LA-MRSA) seems to have developed separately, with subsequent 
interspecies transmission. Recently, a novel variant of mecA gene (mecALGA251) which shows 70% DNA 
identity with the classical mecA was discovered in Europe from both human and bovine populations. In the 
USA, low prevalence of MRSA in dairy herds has been reported in a limited number of studies. The objective 
of the present study was to estimate MRSA prevalence in Ohio dairies. Bulk tank milk (BTM) samples from 
307 OH dairy herds were cultured. Isolation and identification of S. aureus was based on growth in selective 
Baird Parker media, Gram stain, and positive catalase and coagulase tests. Over two-thirds (69%) of the 
herds were found positive for S. aureus. For species confirmation and methicillin resistance, a duplex PCR 
was performed following the modified version of Jonas et al. using femB and mecA genes. To date, 169 
randomly selected S. aureus isolates, from different herds distributed across the state, have been screened. 
The mecA gene has been detected and amplified in only one (0.6%) of the samples. This finding supports 
the evidence that mecA MRSA is present in dairy herds, but in a very low prevalence. The epidemiology 
of MRSA in dairy herds needs further investigation.
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It depends on which outcome: a plea for truly multivariate analyses in epidemiologic research
Scott, H.M., Kansas State University, USA; hmscott@vet.k-state.edu

For far too long, the terms multivariable and multivariate analysis have been interchangeably used by many 
in epidemiology and its allied fields. While purists shudder, the naïve may be led into the false illusion 
that most of what matters in our explorations lies to the right side of a regression equation. Admittedly, 
our discipline has been limited in accessible methods for dealing with multivariate responses; that is, to 
those coded as continuous and distributed normally. When the choice of outcomes is limited to live versus 
dead, health versus disease, or even mild, moderate, or severe, then a simple multivariable approach is 
justified. However, in many situations encountered in veterinary epidemiology, the outcomes reflect a 
suite of variables that may reasonably be expected to depend upon each other as well as to a given set of 
predictors. One obvious set of multiple dependent outcomes arises when measuring and analyzing factors 
that affect utilization rates of prophylactic, metaphylactic, and therapeutic antibiotics to prevent, control, and 
treat infectious diseases, respectively. In such cases, the factors that increase one use may well be expected 
to reduce another use of another, and vice versa. Likewise, this can be expected to result in changes in 
levels of bacterial resistance as an endpoint when different products are used in different ways. Using data 
arising from a multi-state U.S. survey of antibiotic use practices among veterinarians and cattle producers, 
examples of several multivariate techniques useful for a variety of dependent variable coding schemes 
will be illustrated. In addition, applications of such approaches to multivariate antibiotic resistance data in 
binary, ordinal, and continuously coded forms will be explored.

Knowledge, attitude and practices of livestock workers on antimicrobial resistance and detection of 
antibiotic residues in slaughtered cattle in a tropical cattle market in Ibadan, southwestern Nigeria
Adesokan, H.K.1, Adetunji, V.O.1, Agada, C.A.1, Akanbi, I.M.2 and Isola, T.O.1, 1University of Ibadan, 
Nigeria, Department of Veterinary Public Health and Preventive Medicine, Nigeria, 2University of Ibadan, 
Department of Veterinary Medicine, Nigeria; latterglory70@yahoo.co.in

Antimicrobial resistance (AM) represent a major public health problem globally. However, antibiotics 
are indiscriminately used by livestock marketers (LM) on trade animals meant for immediate or eventual 
slaughter in a Tropical Cattle Market in south-western Nigeria. We conducted a study to evaluate the level 
of knowledge, attitudes and practices of 216 randomly selected LM on issues relating to AM through the 
methods of questionnaire and the data analyzed using the SPSS version 12.0. We also assessed 90 randomly 
selected tissue samples from their slaughtered cattle for the presence of tetracycline and penicillin residues, 
being the two most frequently used by these LM using high power liquid chromatography. Our findings 
reveal that about half (50.37%) of LM had poor knowledge on issues relating to AM with 81.02% unaware 
of drug withdrawal period. Almost two-third (64%) had poor attitudes towards AM issues and only 11.11% 
indicated the need to observe withdrawal period in animals under treatment before sale or milking. Poor 
practices by these LM for possible AM in humans include milking and drinking milk from animals under 
treatment. Significantly higher proportion (91.67%) of the LM has never been advised by the Veterinary 
doctors on site regarding withdrawal period while 95.37% have never observed it. All the tissue samples 
screened contained residues of tetracycline and penicillin, although below the maximum residual limits. The 
need for adequate awareness campaigns among these LM towards stemming the problem of antimicrobial 
resistance acquired through the food chains in humans is thereby stressed.
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Determinants of ceftiofur resistance in human Salmonella Heidelberg infections in Canada: drug 
selection pressure or foodborne origin?
David, J.M.1, Avery, B.2, Finley, R.3, Deckert, A.2, Dutil, L.1, Nadeau, M.4, Aguno, A.2, Mulvey, M.R.5 and 
Leger, D.2, 1Public Health Agency of Canada, LFZ, Saint-Hyacinthe, Canada, 2Public Health Agency of 
Canada, LFZ, Guelph, Canada, 3Public Health Agency of Canada, CFEZID, Guelph, Canada, 4Ministère 
de l’Agriculture, des Pêcheries et de l’Alimentation du Québec, Canada, 5Public Health Agency of Canada, 
NML, Winnipeg, Canada; julie.david@phac-aspc.gc.ca

Third-generation cephalosporins are an important class of antimicrobials used to treat serious Salmonella 
infections in humans. The zoonotic pathogen Salmonella serovar Heidelberg is commonly found in poultry 
in Canada. The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS) described 
a strong correlation between ceftiofur resistance in S. Heidelberg isolated from retail chicken and incidence 
of ceftiofur resistance in S. Heidelberg infections in humans. Thus, ceftiofur resistance in Heidelberg 
strains causing human disease could have developed due to antimicrobial consumption (AMC) in the 
community or to its presence in chickens, identified as the main source for S. Heidelberg in Canada. We 
explored these hypotheses by applying time series methods to monthly data gathered from 2003 to 2010 
by CIPARS or MAPAQ for Ontario and Québec on ceftiofur resistance in human S. Heidelberg cases and 
ceftiofur resistance in Escherichia coli in chicken at the retail, abattoir and farm level (Québec only) and 
on community AMC. The provinces were studied separately. No significant link was assessed for AMC in 
the community for both provinces. In Québec, ceftiofur resistance in chicken at retail level was significant 
in the same month (regression parameter: 0.29 [0.04;0.53]) and, at the abattoir level, with one month lag 
(regression parameter: 0.44 [0.11;0.78]). In Ontario, the approach didn’t provide similar results. This is the 
first time that time series were used to assess the potential link between resistance in Salmonella cases and 
community AMC or resistance in food sources in Canada.

Dissemination of CTX-M cephalosporinase-bearing Escherichia coli in US finishing swine populations
Mollenkopf, D.1, Mcgintee, J.1, Henry, S.2, Daniels, J.1, Funk, J.3 and Wittum, T.1, 1The Ohio State University, 
College of Veterinary Medicine, USA, 2Abilene Animal Hospital, USA, 3Michigan State University, National 
Food Safety and Toxicology Center, USA; mollenkopf.12@osu.edu

Conveying resistance to penicillins and critically important cephalosporins, the extended-spectrum 
β-lactamase bacterial resistance gene blaCTX-M was first described in US livestock in 2010 and characterized 
in dairy cattle populations in 2011. It has been hypothesized that the dissemination of blaCTX-M is a product 
of selection pressure from the veterinary use of 3rd and 4thgeneration cephalosporins in food animals. Our 
objectives were to estimate the frequency and distribution of coliform bacteria harboring blaCTX-M in fecal 
flora of finishing swine populations in the US, and to characterize the CTX-M alleles, their plasmidic 
contexts, and the genetic diversity of the bacterial isolates. We also evaluated the association between barn-
level ceftiofur use and the likelihood of recovering extended-spectrum cephalosporin resistant bacteria in 
these populations. We collected 30 fecal samples from each of 50 finishing barns located in 5 US states. We 
recovered Escherichia coli containing blaCTX-M from 22 of 1,495 (1.5%) fecal samples in 6 of 50 (12%) 
barns. Twelve of 30 (40%) samples from a single barn in MI produced E. coli containing blaCTX-M-1 on 
IncN ST1 plasmids. The remaining 5 positive barns were in OH and yielded between 1 (3.3%) and 3 (10%) 
E. coli containing blaCTX-M-1 or blaCTX-M-15 on IncF plasmids. Five of the 10 OH isolates from 2 barns 
also transferred fluoroquinolone resistance to MG1655 E. coli transconjugants. Pigs in most (82%) barns 
received prophylactic ceftiofur treatment as piglets in either the farrowing or nursery facilities prior to the 
finishing phase of production. In addition, up to 8.7% of individual pigs in approximately half (48%) of 
finishing barns received therapeutic ceftiofur to treat acute disease. We were unable to detect an association 
between ceftiofur use and the probability of recovering blaCTX-M E. coli.

Session 24 Theatre 8

Session 24 Theatre 7



64 ISVEE – Book of Abstracts 2012

A comparison of antimicrobial resistance in faecal E. coli from cattle and sheep in the Scottish 
Highlands
Humphry, R.W., Murray, F. and Gunn, G.J., SAC, United Kingdom; roger.humphry@sac.ac.uk

Any quantitative risk assessment of the likelihood of transfer of antimicrobial resistant bacteria from animals 
to humans is likely to take into account the level of resistance within the animals. Using data from random 
surveys we compared the prevalence of faecal samples containing antimicrobial resistant Escherichia coli 
from calves, adult cattle and sheep. The antimicrobials tested were ampicillin, apramycin and nalidixic 
acid. We found a higher prevalence in calves than adult cattle, and higher in adult cattle than in sheep and 
these prevalences are presented. There were also large differences in prevalence between the three different 
antibiotics. Using a simple measure of bacterial density, the density of E. coli was highest in sheep and 
calves and lowest in adult cattle. The E. coli density score predicted less of the variation in prevalence than 
was predicted by the class of animal (sheep, calf or adult cattle). This implies that something other than 
bacterial density may account for the difference in antimicrobial resistance prevalence between sheep, adult 
cattle and calves. Recorded antibiotic usage was generally low and it was different in calves, adult cattle 
and sheep. We found no relationship between antibiotic usage and prevalence of resistance.

ESBL and quinolone resistant enterobacteriaceae in livestock husbandry: a cross sectional study
Merle, R.1, Hering, J.1, Friese, A.2, Roesler, U.2 and Kreienbrock, L.1, 1University of Veterinary Medicine, 
WHO-Centre Veterinary Public Health, Department of Biometry, Epidemiology and Information Processing, 
Germany, 2Veterinary Faculty of Free University Berlin, Institute of Animal Hygiene and Environmental 
Health, Germany; roswitha.merle@tiho-hannover.de

In the course of the research consortium RESET the occurrence of ESBL and (fluoro)quinolone resistant 
Enterobacteriaceae (Escherichia coli and Salmonella enterica) in humans, animals and the environment 
are investigated. Epidemiological studies are accompanied by molecular characterisation of the isolated 
bacteria. All generated data will result in a risk analysis in order to assess the situation of resistant bacteria 
in Germany. In a cross sectional study 200 agricultural farms in 4 regions in Germany are investigated. 
10 samples (collective faeces, dust, boot socks) per farm are analysed culturally for ESBL and (fluoro)
quinolone resistant E. coli and S. enterica. The laboratory investigations are completed by informations in 
a questionnaire. Questions regarding the general farm structure, feeding and hygiene management as well 
as the antibiotic use are included. To date, 54 farms (fattening pigs, dairy cows, fattening cattle, broilers) 
in two regions were visited. In 88% of 25 pig farms, 67% of 12 dairy cattle farms, 67% 9 of fattening 
cattle farms and all of 6 broiler farms ESBL-suspected E. coli were found. Statistical analyses will focus 
on correlations between the antibiotic use and the occurrence of resistant bacteria. Furthermore, the farms’ 
management data will be screened in order to identify possible risk factors.
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Livestock disease control in frontier regions: problems and prospects, challenges and limitations for 
cross-border collaboration
Saatkamp, H.W., Mourits, M.C.M., Hop, G.E., Bosman, K.J. and Breuer, O., Wageningen University, 
Business Economics, Netherlands; helmut.saatkamp@wur.nl

Frontier regions have specific features that make them more vulnerable for introduction and spread of 
livestock diseases compared to ‘backland areas’, e.g. more intensive livestock trade and transport. This 
holds for traditional diseases such as Classical Swine Fever (CSF), but even more for vector-borne Emerging 
Infectious Diseases such as Blue Tongue. On the other hand, the cross-border inter-dependency offers quite 
some possibilities for collaboration and mitigation of particularly the economic impact of livestock diseases. 
Currently these possibilities are not fully recognized and hence under-utilized. This paper aims to review the 
development of cross-border collaboration in livestock disease control from two perspectives: (1) specific 
veterinary aspects; and (2) mitigation of economic impacts. Specific attention will be given to the following 
issues: (1) communication and data exchange; (2) capacity building; (3) routine versus crisis time measures 
and practices; (4) collaboration in prevention and control; (5) cross-border exercises; and (6) harmonization 
of disease control. The frontier region Germany-Netherlands is a very prominent example of cross-border 
economic inter-dependency and veterinary risks, and steps towards harmonization have been taken in the 
last decade. Therefore, particularly examples from this area will be presented and put in a wider perspective. 
One such an example shows the contradictory effect that might occur: cross-border harmonization of CSF 
can reduce the overall impact, however, because of differences in institutional aspects (i.e. compensation 
schemes), for some German stakeholders the impact can increase. This emphasizes the need for an integrated 
beyond-veterinary approach. It is concluded that in frontier regions specific veterinary and economic risks 
can be mitigated provided an integrated veterinary-economic approach.

Possible consequences of changes in livestock production structure on cross-border contagious 
livestock disease control
Hop, G.E., Mourits, M.C.M., Oude Lansink, A.G.J.M. and Saatkamp, H.W., Wageningen University, Business 
Economics Group, Netherlands; geralda.hop@wur.nl

Frequency and impact of contagious livestock diseases (CLD) are mainly determined by features of the 
production structure of livestock, e.g. number of farms, farm size, specialisation of production and reliance 
on cross-border production markets. Changes in these features result in altered CLD risks and veterinary and 
financial-economic impacts. Particularly countries with increasing specialisation of production, e.g. piglet 
production, and increasing dependency on demand of specialised cross-border producers, e.g. fattening 
pig farms, will be affected in case of CLD. Insight in changes in production structure is thus important 
for veterinary policy, e.g. contingency plans and cross-border collaboration agreements. The aims of this 
study were: (1) to explore changes in the livestock production structure of the cross-border region of the 
Netherlands (NL), North Rhine Westphalia (NRW) and Lower Saxony (LS) during 2011-2020; and (2) 
to assess consequences for CLD introduction, spread and control. Experts constructed and quantitatively 
assessed various scenarios that describe major driving forces that influence future livestock production 
features of the pig, poultry and dairy sectors. Results indicate a +58% farm size and -37% number of 
farms until 2020. In the pig sector, major shifts were expected: -0.4 million NL and -4.7 million NRW/LS 
piglets produced, and +1.1 million NL and -2.4 million NRW/LS fattening pig places (FPP). The NL export 
of piglets to NRW/LS is likely to increase because of the potential surplus of 2.3 million NRW/LS FPP, 
resulting in increased piglet movements and increased risks of CLD introduction and spread. Consequently, 
the expected increase in cross-border trade intensifies the cross-border production dependency, resulting 
in an increased need for collaboration between NL-NRW-LS. It is concluded that veterinary policy makers 
should proactively anticipate to these future changes in livestock production structure.
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Veterinary ethnography: new shoes for ‘shoe leather’ epidemiology?
Robinson, P.A., Durham University, Geography Dept., United Kingdom; p.a.robinson@durham.ac.uk

National disease control programmes involving government veterinary services often begin with ambitious 
targets and optimism in achieving disease eradication. There have been many successes over the years, 
but for some endemic diseases and in certain countries eradication seems a distant dream. Whilst there can 
undoubtedly be epidemiological and technical reasons for the failure to eradicate, socioeconomic reasons 
(human factors) may often be overlooked. My contention is that government veterinary services and 
policymakers need to pay more attention to the humans who control the animals, rather than focussing all 
their attention on the diseased animals themselves. Gaining the confidence and co-operation of farmers and 
veterinarians at the frontline involves a more in-depth understanding of their attitudes and behaviours with 
respect to disease control, which may in turn provide explanations as to why a programme has failed to 
meet its objectives. Using a suite of qualitative techniques from the social sciences offers a complementary 
approach to quantitative veterinary epidemiology, and provides a full-orbed approach to improving disease 
control policy. This presentation will introduce ethnography, a methodology commonly used in the social 
sciences to investigate human phenomena. As a case study, I will describe my intended PhD research 
talking to farmers, vets and policymakers involved in the bovine tuberculosis eradication programme in 
Northern Ireland. I speak as someone who has worked in bovine TB control in the role of private veterinary 
practitioner, government veterinary officer and veterinary epidemiologist, and I am also a cattle farmer’s 
son. I will suggest that ethnographic techniques provide different shoes to complement ‘shoe leather’ 
epidemiology on the farm, at the vet clinic, and in the government office.

IT support for German-Dutch crisis communication: needs analysis, guidelines and requirements on 
the example of classical swine fever
Slütter, S.1, Crauwels, P.1, Wilke, T.2, Schulze-Geisthövel, S.2, Breuer, O.3 and Petersen, B.2, 1GD Animal 
Health Service, Netherlands, 2University of Bonn, Institute for Animal Health, Germany, 3Trans Border 
Integrated Quality Assurance, Germany; s.sluetter@gddeventer.com

Being prepared for an outbreak of animal diseases like Classical Swine Fever is a key issue in an area of 
intensive pig production like the Dutch-German border area. The border is no obstacle to the trade of pigs 
and meat but to instruments of disease control. Today disease control is exercised by national veterinary 
administration using their own national official systems for communication and decision making. In case 
of cross-border disease outbreaks information gaps and communication breaks occur that hamper efficient 
decision making. In general this causes avoidable delays in disease control and avoidable direct and indirect 
damages. The aim of this study was to develop a model for an IT support system which enhances cross-
border crisis communication in case of animal disease and related crises The system shall combine existing 
official and private information systems along the chain and extend them to a communication tool for official 
and private actors along the supply chain. Based on findings of preceding research projects in the fields of 
food safety, traceability in meat production and cross-border animal disease control and examined for issues 
of quality, information and crisis management as a cross-cutting topic, we conducted interviews with experts 
of Dutch and German livestock production and veterinary authorities. The interviews were prepared and 
added by literature. Result of the study is the Engage-Exchange-Model (EEM). The EEM bases on a two-
level approach. At first level an information transfer between chain members (whether German or Dutch) 
takes place. During an outbreak the second level supports a quick and effective communication with and 
between Dutch and German authorities by temporal and mutual exchange of relevant information and the 
engage of specific additional information.
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Update on the participatory epidemiology network for animal and public health (PENAPH)
Mariner, J.1, Pissang, C.2, Allport, R.3, Soumare, B.4, Münstermann, S.5, Parmley, J.6, Pfeiffer, D.7, Bloland, 
P.8 and Busuulwa, M.9, 1ILRI, Kenya, 2VSF, Belgium, 3UN-FAO, Kenya, 4AU-IBAR, Kenya, 5OIE, France, 
6VSF, Canada, 7RVC, United Kingdom, 8US-CDC, USA, 9AFENET, Uganda; j.mariner@cgiar.org

Public and animal health communities are working globally to better predict and respond to health threats. 
This is leading to growing demand for better information on the health status of people, domestic animals 
and wildlife. In many countries, the ability to collect quantitative animal health data is challenged by lack 
of infrastructure and resources to maintain systems. Participatory epidemiology (PE) is the application 
of participatory approaches to the collection of epidemiological knowledge. The application of PE to 
surveillance (participatory disease surveillance, PDS) recognises the knowledge that people who rely on 
livestock and wildlife have about animal health. The integration of PDS with conventional epidemiological 
methods increases the flexibility, timeliness and sensitivity of surveillance systems. Examples include 
enhanced surveillance of foot and mouth disease, highly pathogenic avian influenza, classical swine fever, as 
well as the contributions to the eradication of rinderpest. In 2007, the Participatory Epidemiology Network 
for Animal and Public Health (PENAPH) was established. It promotes institutional capacity development 
for surveillance and epidemiological services, PE practice and training standards, evidence-based policy 
analysis and advocacy, and research and exchange of information. PENAPH and its’ partners have conducted 
training programs and piloted one heath activities. PEANAPH advocates for institutional analysis of 
surveillance systems leading to defined social and technical objectives and an integrated mix of surveillance 
activities suited to those objectives. The current activities of PENAPH focus on empowerment of regional 
stakeholders in the network and on increasing the participation of all stakeholders in the development of 
national and international policy related to health.

Reducing surpluses of piglets due to movement restrictions in case of Aujeszky’s disease
Bosman, K.J., Mourits, M.C.M., Oude Lansink, A.G.J.M. and Saatkamp, H.W., Wageningen University, 
Business Economics, Netherlands; koenraad.bosman@wur.nl

In the Netherlands, outbreaks of Aujeszky’s Disease (AD) are controlled by vaccination and movement 
restriction zones (MRZ) for all pigs around infected farms. Although this strategy avoids the socio-ethical 
concerns associated with pre-emptive slaughter, it can easily result in animal welfare problems and negative 
economic consequences. These occur because movement restrictions result in surpluses of live (vaccinated) 
piglets on farms. The aim of this research is to provide insight into the development of these surpluses and 
its impact, and to describe how measures that allow early transportation of pigs under certain conditions and 
to specific destinations (channeling) could help to reduce these problems. For the analysis a deterministic 
simulation model was developed, which calculates surpluses of piglets of 10 weeks or older at multiplier 
farms in MRZs on a weekly basis for AD outbreaks. The results show that in case of complete movement 
restrictions surpluses of piglets varying in age and vaccination status will quickly arise in the MRZ. These 
surpluses become larger if the epidemic lasts longer and can become as large as 180 to 340 thousand piglets 
(45-75% of weekly domestic production) for medium and long epidemics, respectively. Implementation 
of channeling strategies that allow earlier transportation within the MRZ can reduce surpluses by about 
50% to 100-150 thousand piglets maximum. Strategies that also allow transportation outside the MRZ can 
reduce surpluses even further to below 100 thousand piglets. It was concluded that allowing transports of 
piglets at an earlier time result in a drastic reduction of problems with accommodating ready-for-transport 
piglets. Moreover, it reduces shortages during movement restrictions and peak supply immediately after 
removing the restrictions. The impact will be considerable fewer problems with animal welfare and smaller 
changes in prices.
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Rinderpest surveillance in South Sudan: developing a system for a region with limited veterinary 
services
Jones, B.A.1, Ameri, A.A.2, Mogga, N.K.3, Letereuwa, S.P.4 and Kwai, A.M.5, 1Royal Veterinary College, 
London, United Kingdom, 2Private consultant, South Sudan, 3FAO, South Sudan, 4Pastoralist Governance 
and Development Project, Kenya, 5Ministry of Animal Resources and Fisheries, South Sudan; 
bajones@rvc.ac.uk

In the 1980s and 1990s the southern region of Sudan, now the Republic of South Sudan, was considered to 
be an endemic focus of rinderpest and a source of infection for neighbouring countries. During the 1990s, 
the community-based animal health programme, supported by indigenous and international organisations, 
conducted rinderpest vaccination using thermostable vaccine. The subsequent reduction in rinderpest 
incidence allowed Sudan to enter the final stages of rinderpest eradication: vaccination ceased in 2002 and a 
surveillance system was established. The objectives of the rinderpest surveillance system were to detect any 
remaining foci of rinderpest and provide evidence of freedom from infection. Methods were developed that, 
in the absence of conventional veterinary services, could be implemented by the community-based animal 
health programme. The results are described. The data contributed to the Republic of Sudan’s successful 
application to the World Organisation for Animal Health (OIE) for recognition of freedom from rinderpest. 
International guidelines and regulations for disease control and eradication should be sufficiently flexible 
for adaptation to diverse environments. Characteristics of livestock systems should be understood so that 
appropriate and effective surveillance methods can be designed. Where veterinary services are limited, basic 
surveillance can be carried out by community-based animal health workers and animal health auxiliaries, 
with veterinarian support, and participatory disease surveillance can be used for risk-based purposive 
disease surveillance.

Classical epidemiological approach versus participatory methods: a comparison of two research 
methods applied to identification of key health issues for working horses in Lesotho
Upjohn, M.M.1, Lerotholi, T.2, Attwood, G.3, Pfeiffer, D.U.1 and Verheyen, K.L.P.1, 1Royal Veterinary 
College, Veterinary Clinical Sciences, United Kingdom, 2P O Box 192, Matsieng, Lesotho, 3Malealea 
Development Trust, Motsekuoa, Lesotho; kverheyen@rvc.ac.uk

Few reported studies have simultaneously applied quantitative and qualitative methodologies for the 
purpose of direct comparison of their findings. To compare issues identified via classical epidemiological 
field survey methods with those identified and prioritised by animal owners using a participatory approach. 
A cross-sectional field survey of individual horses and their owners, using structured pre-tested face-to-
face owner questionnaires, clinical examination and a standardised tack examination was undertaken in 
August-October 2009. In March 2010, owner workshops were convened at which participatory resource 
mapping and matrix ranking techniques were employed to facilitate owner identification and prioritisation 
of horse-related issues. The main issues identified in the survey were sharp enamel points on teeth, endo- 
and ectoparasites, suboptimal nutrition, tack-associated wounds, overgrown and poorly balanced feet and 
poor owner knowledge and practice of key husbandry tasks. In the participatory workshops, all owner 
groups defined priority issues based on perception of their adverse impact on horse health and work ability 
rather than frequency of occurrence. Overall their ordered priority issues were mouth health, nutrition, 
disease management, husbandry including wound management and foot- and limb-associated issues. 
Whilst classical epidemiological approaches provide objective estimates of frequency, without the vital 
components of developing community ownership of the process and grounded researcher appreciation of 
local circumstances, interventions based solely on epidemiological measures of frequency are less likely 
to succeed. Acknowledgements: World Horse Welfare; Lesotho Department of Livestock.
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Comparing prevalence estimates from participatory epidemiology to conventional surveys, Kenya
Hannah, H.1, Grace, D.1, Randolph, T.1, De Glanville, W.1,2 and Fevre, E.1,2, 1International Livestock 
Research Institute, Kenya, 2University of Edinburgh, United Kingdom; vetepi@gmail.com

There is a need to find locally and globally relevant surveillance tools to measure disease prevalence and 
inform control programs. Traditional veterinary knowledge has a contested role in surveillance systems. 
We examined participatory epidemiology (PE) surveys for agreement between community perceptions 
of prevalence of cattle conditions compared to clinical and laboratory results. Community meetings to 
understand traditional knowledge of endemic disease were convened in randomly selected communities 
in Western Province, Kenya. Community perceived prevalence for common cattle diseases and five focus 
conditions (anemia, helminthosis, fascioliasis, trypanosomiasis and theilieriosis) was determined using 
PE tools. Within selected communities, all cattle (>1 month old) were clinically examined and blood and 
stool specimens collected. Definitive diagnosis was made by clinical findings, microscopy and molecular 
techniques. Agreement was determined for prevalence obtained from community perceptions compared 
to laboratory and clinical analysis. To assess the ability of individual farmers to identify ill animals and 
accurately diagnose disease, the perceived health status from animals on randomly selected farms was 
obtained by owner interview. A clinical examination was then performed with blood and stool specimens 
analyzed for a battery of other endemic diseases. Agreement between farmer assessment of health status and 
diagnosis for selected conditions against results from laboratory and clinical examination was determined. 
This study highlights the accuracy and limitations of traditional knowledge. The usefulness of PE for 
preliminary prevalence estimation was demonstrated by the ability of non-pastoralist farmers to estimate 
herd level prevalence and individual animal health status. The study shows that PE can serve to combine 
local knowledge inquiry with scientific study at a cost lower than laboratory and clinical surveys.

Understanding the perception of surveillance system stakeholders, through lexical analysis and sample 
surveys: an example of FMD in Mato Grosso do Sul, Brazil
Francisco, P.F.C.1, Fontana, I.1, Pantoja, M.J.1, Ferreira, F.2, Mota, A.L.A.A.1 and Goncalves, V.S.P.1, 
1University of Brasilia, FAV, Brazil, 2University of Sao Paulo, VPS-FMVZ, Brazil; pricremer@yahoo.com.br

The state of Mato Grosso do Sul, in central Brazil, is a major beef exporter and is recognized by the OIE 
as free from foot-and-mouth disease (FMD) with vaccination. However, the number of notifications in 
the state is low, making it difficult to assess the sensitivity of the surveillance system. This study aimed 
at identifying factors that influence the quality and quantity of reports of vesicular diseases in the state, 
focusing on the perception of stakeholders. The first stage of the methodology included 19 interviews 
with open questions, targeted at employees of slaughterhouses, state veterinary officers, staff of veterinary 
retail shops, farmers, small-scale farmers and private veterinarians. The interviews were transcribed and 
processed through lexical analysis, using the software Alceste. These results guided the development of a 
questionnaire that was the basis of a sample survey involving four important and representative counties. 
The lexical analysis revealed that the respondents know the clinical signs of the disease, but tend to ask 
assistance from third parties before notifying any suspicious event to the veterinary administration. Most 
of them understand the rapid spread and economic impact of FMD. The sample survey results showed that 
knowledge about the disease increases with education and training level. There’s insufficient knowledge 
about differential diagnosis. Private veterinarians may have a key role in a reporting a suspect case and 
should be better integrated into the system. Farmers do not fully recognize their important role as sensors 
of the surveillance system, as they tend to perceive the process as a pure public good. The use of lexical 
analysis made it possible to undertake a more focused survey based on preliminary data on stakeholder 
perceptions. Its application in animal health is novel and should be further explored.
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Collaborative response to 2010 foot-and-mouth disease outbreak in Miyazaki, Japan between 
veterinary and psychiatry experts: analyses into mental health of veterinarians, farmers and citizens 
and barriers against restarting farming
Makita, K.1, Tsutsumi, A.2, Kadowaki, H.1, Tsuji, A.3, Nogami, T.4, Matsuo, Y.4, Watari, M.4, Kim, Y.5 and 
Ishida, Y.6, 1Rakuno Gakuen University, Japan, 2United Nations University International Institute for 
Global Health, Malaysia, 3Farmers Association, Miyazaki, Japan, 4Miyazaki Prefecture Center for Mental 
Health and Welfare, Japan, 5National Center for Psychiatry and Neurological Research, Japan, 6Miyazaki 
University, Japan; kmakita@rakuno.ac.jp

In April 2010, Foot-and-mouth disease (FMD) outbreak occurred in Miyazaki, Japan. Culling on infected 
farms could not stop the outbreak and vaccination-to-kill policy was implemented. In total, 290 thousand 
animals were culled. Miyazaki Prefecture Center for Mental Health and Welfare (MPCMH) conducted 
mental health monitoring of 1300 FMD-affected farmers using telephone in June 2010 during outbreak. 
Questionnaires were sent to local citizens and those who participated in culling. In 2011, in order to describe 
livestock related stress, participatory appraisals were conducted with field veterinarians and farmers. 
MPCMH conducted the second survey using the questionnaires designed based on the appraisals. The first 
survey found 20% of farmers had mental health problems and high K6 score was associated with having 
problems before outbreak. Low public mental health was associated with stagnant local economy. Mental 
stress for veterinarians was greater than physical stress and the tension and contents of mental stress changed 
dynamically with outbreak situation. The second survey found that mental stress of farmers was associated 
with economic problems and physical illness. Local economy and public mental health had not been 
improved since previous year. Sixty percent of farmers restarted and the obstacle factors against restarting 
were physical illness, being aged and living in the center of outbreak, and encouraging factors were having 
participated in helping culling, larger household and being a full-time livestock farmer.

Evaluation of the social impact of HPAI surveillance network at the community level in Vietnam
Antoine-Moussiaux, N.1, Delabouglise, A.2, Binot, A.2, Ton, V.D.3, Khong, N.V.4, Goutard, F.2, Roger, F.2 and 
Peyre, M.2, 1Faculty of Veterinary Medicine, University of Liege, Tropical Veterinary Institute, Belgium, 
2CIRAD, AGIRs, France, 3Hanoi University of Agriculture, Faculty of Animal Science and Aquaculture, 
Viet Nam, 4National Institute of Veterinary Research, Viet Nam; nantoine@ulg.ac.be

The need to set up efficient and sustainable surveillance networks is a major concern which must be 
continually placed at the heart of the overall issue of development. In developing countries, the political 
priority to reduce poverty means that it is vital to include social aspects in public decision making on health 
management in general. This focus on social aspects can be considered all the more important regarding 
surveillance as it is deeply embedded in agents’ everyday life. The flow of information about animal health 
involves different non-monetary costs, ensuing from stigmatization or from social pressure to withhold 
or disclose information. Understanding, measuring and alleviating these social costs of information is 
required to ensure the effectiveness and viability of surveillance. The present study considers the case of 
highly pathogenic avian influenza surveillance in Vietnam. It aims at establishing a protocol allowing for 
understanding and quantifying social costs incurred by surveillance agents at the community level. In this 
prospect, tools and concepts from anthropology, participative epidemiology and experimental economics 
were combined. More particularly, social network analysis, participatory observation, companion modeling 
and stated preference surveys were applied for the thorough examination of constraints and costs of health 
information flows. The opportunity for the scaling-up of such methodologies and for the inclusion of the 
so-elicited quantitative values in socio-economic evaluation of surveillance systems are discussed.
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Comparing analytical methods to classify pathogens or bacteria by the analysis of headspace 
metabolites in milk
Swart, W.A.J.M.1 and Hettinga, K.A.2, 1Gd Animal Health Service, R&D-Epidemiology, Netherlands, 2WUR, 
Dairy Science and Technology group, Netherlands; w.swart@gddeventer.com

In this research project the possibilities to predict the presence of pathogens or bacteria in milk samples 
by using headspace GC-MS are investigated. The purpose is to develop an analytical method by which the 
presence of the pathogens or bacteria can be accurately predicted by their measured volatile metabolites. A 
classification method that is commonly used is multinomial logistic regression (MLR). The performance 
of a probabilistic neural network (PNN) is compared with MLR using two experimental datasets. The first 
dataset contained 120 samples (40 bacteria,6 metabolites), the second dataset contained 59 samples (5 
pathogens, 19 metabolites). Both datasets were divided in two parts: 2/3 of the data were used to train the 
method (training set). The remaining 1/3 of the data was used to test how well both methods can classify 
the presence of specific microorganisms (test set). The MLR-analysis was done in R using the multinom 
program. The algorithm of the PNN is quite simple to implement, so it was programmed directly in Stata. 
In the first test set, the MLR-method was able to predict correctly 17 of the 40 samples (43%), the PNN 
method predicted 23 of the 40 samples correctly (57%). In the second test set, MLR predicted 15 of the 
18 (83%) samples correctly, whereas PNN predicted 17 of the 18 (94%) samples correctly. For these two 
datasets the PNN method proved to be better in predicting pathogens or bacteria by their measured volatile 
metabolites. Its main drawback is that it is probably more sensitive than other methods for new information 
that was not contained in the training data. Future work will allow further validation of the PNN method.

Integration of cattle Fallen Stock data with diagnostic laboratory data to enhance early warning 
surveillance
Arnold, M.A., Watson, E.N., Vidal-Diez, A., Nunez-Garcia, J. and Hoinville, L.J., Animal Health and 
Veterinary Laboratories Agency, Epidemiology and Risk, United Kingdom; eamon.watson@ahvla.gsi.gov.uk

Supplementary datasets can be used to enhance the efficacy and efficiency of early warning surveillance. 
This work explores the potential to integrate data from cattle (Fallen Stock) with diagnostic laboratory data 
(FarmFile) to increase the power of detecting emerging disease threats to the livestock industry at little 
additional cost. The list of diseases/syndromes were harmonised between the datasets by the application 
of text mining to the reason for death field in Fallen Stock data and then matching the reason for death to 
diagnoses in FarmFile. The statistical method of Capture-Recapture (CRC) was then applied to the combined 
dataset to estimate the true prevalence of selected diseases. Over the study period 358,268 deaths were 
recorded in the Fallen Stock dataset of which 299,099 (83.5%) had a reason for death recorded. There were 
2,931 unique reasons for death recorded. Data mining and manual review identified 19 reasons to categorise 
239,557 (66.9%) of records. Some Fallen Stock reasons for death could be linked to a specific condition 
recorded in FarmFile (e.g. hypomagnesaemia). Other reasons for death had to be linked to a syndrome (e.g. 
lung disease, fog fever, breathing problems, husk and IBR were all allocated to the respiratory syndrome). 
The use of CRC suggested that the sensitivity of FarmFile to identify infected holdings varies according 
to the condition. The estimated true prevalence of Johnes was 4-fold higher than the observed FarmFile 
prevalence and the estimated true prevalence of hypomagnesaemia was 300-fold higher than was observed 
in FarmFile. The integration of supplementary data greatly increased the number of holdings identified with 
each condition in the combined dataset compared with FarmFile alone. The importance of considering the 
quality of available data and the methods to match the datasets will be discussed.
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Systematic review on the existence of integrative information systems for zoonotic disease surveillance
Wendt, A., Kreienbrock, L. and Campe, A., University of Veterinary Medicine Hannover, Department of 
Biometry, Epidemiology and Information Processing, Germany; anna-maria.wendt@tiho-hannover.de

Introduction Even though 65% of recent major disease outbreaks have zoonotic origins, there is still a sharp 
division of the disciplines in human and veterinary health. In the last decade, a global integrative concept, 
often referred to as ‘One Health’, has been strongly endorsed. In the course of its adoption in Germany, 
claims were raised to enable a cross-sectoral data interpretation of zoonotic disease information in different 
epidemiological databases, applying the requirements of secondary data analysis. It is assumed that this 
will improve the prevention, prediction and control of zoonoses. In this paper the current state of research 
knowledge and existing projects throughout the world will be identified, appraised and synthesized regarding 
the integration of data to monitor zoonotic diseases from a One Health perspective. Material and methods A 
systematic review of existing projects throughout the world was conducted by means of a search in scientific 
publications and on related websites. Projects found were categorized and described regarding their concepts 
and realization. Results 107 projects were identified at all. However, only 17 of them combine human and 
animal health information. These projects either analyse syndromic surveillance information (n=5) or 
condensed information from experts of different health sectors (n=7) or retrieve information to enable a 
cross-sectoral data integration with raw or less aggregated data from official sources to describe level and 
distribution or changes in disease occurrence (n=5). Conclusion There are few examples for integrated 
disease surveillance projects that connect animal and human health data and allow for the investigation of 
more than one zoonosis. Their approaches are diverse, so the feasibility of the stated claims in Germany 
has to be conducted on an individual level and closely fitted to the demands of the different stakeholders.

Building a model of spread of HPAIV H5N1 in aquatic wild bird populations as a tool for an early 
warning system
Staubach, C.1, Sonnenburg, J.1, Fröhlich, A.1, Osterhaus, A.2, Kuiken, T.2, Tubbs, N.3, Hagemeijer, W.3, 
Waldenström, J.4, Harder, T.1 and Conraths, F.J.1, 1Friedrich-Loeffler-Institut, Germany, 2Erasmus Medical 
Center, Netherlands, 3Wetlands International, Netherlands, 4Linnaeus University, Sweden; 
christoph.staubach@fli.bund.de

The spread of HPAIV H5N1 was investigated using an agent-based, stochastic epidemiological model 
assuming a three-species scenario with intra- and interspecies transmissions in Mallards, Mute Swans and 
Common Pochards at fixed geographic localities and during migration. Starting with a single-location 
scenario, each modelling step simulates randomized contacts between individuals of different model 
compartments (SEIR). Differences in feeding habits and seasonal gregariousness of the three species, 
environmental factors mediating or facilitating virus spread and all year-round LPAI prevalence with focus 
on homo- and hetero-subtypic immunity were taken into account. Development and parameterization of 
the model was only possible by integrating data obtained by ornithologists, virologists and epidemiologists 
within the frame of the NewFluBird project. The onset of migration was modelled to start in September 
and involved three locations: a starting, a staging, and a wintering site. Basic assumptions regarding 
migratory behavior were as follows: Mute Swans were present at all three sites as purely resident/sedentary 
populations; Mallards undertook a simplified ‘stepping-stone’ migration with a prolonged stay at a staging 
site, whereas Pochards reached the wintering grounds in a single movement. Burn-in runs had highlighted 
parameters to which the model reacted sensitively. Changes in the overall length of the epidemic course, 
as well as amplitude and time point of maximally infected birds were used as readouts. If scenarios were 
related to the onset of migration, the chance of migration-capable birds propagating virus and spreading it 
over larger distances was examined. The results were evaluated to come up with proposals for optimized 
surveillance strategies.
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Modelling the spread of avian influenza A (H5N1) virus through the network of northern Vietnamese 
live bird markets: implications for surveillance and control
Fournié, G.1, Guitian, J.1, Desvaux, S.2, Vu Chi, C.3, Do Huu, D.4, Pfeiffer, D.U.1, Mangtani, P.5 and Ghani, 
A.C.6, 1Royal Veterinary College, United Kingdom, 2Cirad, France, 3National Institute of Animal Science, 
Viet Nam, 4Department of Animal Health, Viet Nam, 5LSHTM, United Kingdom, 6Imperial College, United 
Kingdom; gfournie@rvc.ac.uk

Highly pathogenic avian influenza virus subtype H5N1 (HPAIV H5N1) is endemic in South-East Asia, 
with live bird trade as a major pathway for disease transmission. A cross-sectional survey was undertaken 
in northern Vietnam to investigate the structure of the live bird market (LBM) contact network, and 
the implications on the spread of HPAIV H5N1. A total of 567 traders were interviewed. Based on the 
movement of those traders between LBMs, weighted and directed static networks were constructed. The 
northern Vietnamese network incorporated 162 LBMs, of which 83% were encompassed in a giant strong 
component. Two provincial-level networks were also constructed. The removal of a small number of hubs 
(1-3 hubs, depending on the network) dramatically disconnected each network. A stochastic individual-
based model was used to simulate the spread of HPAIV H5N1 through one of the provincial-level LBM 
networks. Degree appeared to be a good predictor of LBM infectiousness and susceptibility. LBMs 
exhibiting high susceptibility or infectiousness were always the same, regardless of transmission rate. This 
suggests that LBMs suitable for surveillance and control interventions could be effectively targeted without 
prior knowledge of the force of infection, which requires laboratory-confirmed surveillance. By targeting 
thorough, daily disinfection of LBMs and traders’ vehicles and equipment to only the small number of 
markets acting as network hubs, the epidemic size was reduced by 80%. Disease spread within the network 
could therefore be effectively contained. These findings are of particular relevance to resource-scarce settings 
with extensively developed LBM systems, commonly found in South-East Asia.

Syndromic Surveillance based on laboratory test requests in the province of Ontario, Canada
Dórea, F.C.1, Muckle, C.A.1, Kelton, D.2, Mcclure, J.T.1, Mcewen, B.J.2, Mcnab, W.B.3, Revie, C.W.1 and 
Sanchez, J.1, 1Atlantic Veterinary College, Canada, 2University of Guelph, Canada, 3Ontario Ministry of 
Agriculture Food and Rural Affairs, Canada; fdorea@upei.ca

Modern biosurveillance systems, focusing on early detection, make use of low-specificity disease data 
aggregated in syndromes, hence the coined term ‘syndromic surveillance’. The potential for developing a 
syndromic surveillance system based on diagnostic test requests to a veterinary laboratory was explored 
through the Animal Health Laboratory (AHL) in the province of Ontario (Canada), using data from 
laboratory test orders for diagnoses in cattle. Three years of historical data were analysed and grouped into 
16 syndromes. One year of data was evaluated prospectively, in order to determine the best combinations 
of algorithms to deal with a strong day-of-week effect and detect temporal aberrations. Weekly differencing 
was the most efficient method for removing the day-of-week effect. Control charts were applied to residuals, 
and exponentially weighted moving averages (EWMA) and Shewhart charts showed potential to perform 
well if used complementarily. Holt-Winter smoothing using weekly periods showed high sensitivity. 
Detection using this method is based on modelling the data, making a 5-day-ahead prediction, and using the 
confidence interval of the prediction as the threshold of detection. Sensitivity, specificity and detection day 
values are needed in order to identify the settings for each algorithm that provide the optimum sensitivity 
while avoiding a large number of false alarms. Additionally, the use of these detection algorithms in series 
or parallel should be investigated. In order to achieve this, 100 years of synthetic data with controlled 
injection of outbreaks of different shapes and magnitudes have been simulated. Results will be presented 
and discussed at the conference.
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Informal pig movements across eastern Indonesia: risk for classical swine fever transmission
Leslie, E.1, Christley, R.2, Geong, M.3, Ward, M.1 and Toribio, J.A.1, 1University of Sydney, Veterinary 
Science Faculty, Australia, 2University of Liverpool, Epidemiology Group, Faculty of Veterinary Science, 
United Kingdom, 3Provincial Department of Livestock, Animal Health and Veterinary Services, Nusa 
Tenggara Timur, Indonesia; eles2597@uni.sydney.edu.au

Classical swine fever (CSF), a highly contagious Pestivirus has caused substantial socio-economic loss for 
pig farmers in Indonesia since introduction in 1994. Live pig movements are believed to have facilitated 
CSF introduction into Nusa Tenggara Timur province (NTT), in eastern Indonesia. This province has the 
largest pig population with 85% of households owning at least one pig. Pigs have high cultural and economic 
importance being used for financial security and traditional ceremonies. The number of reported CSF cases 
in NTT is still increasing with newly infected islands as recent as 2011. To investigate informal movement 
of pigs, a survey of smallholder pig farmers was conducted on West Timor, Flores and Sumba islands from 
March to April 2010. Using multi-stage sampling, 18 villages were selected across the three islands and 
289 pig farmers interviewed. Information on trading practices, source and destination locations and pig 
volumes being moved was obtained to conduct a Social Network Analysis (SNA). Over half of farmers 
(55%) moved pigs informally, most commonly during August to October. Inter and intra island movement 
was detected. West Timor had a highly connected network with pigs moving across Timor Island reaching 
the border with East Timor. Flores and Sumba islands had fragmented networks with localised movement 
influenced by terrain. Rindi Village in Sumba represented a high risk location for CSF spread with the 
greatest exiting pig volume (78 pigs) from 2009-2010. Nanbaun Delha Village in West Timor was a high 
risk location for CSF introduction with external contact from 13 other villages. SNA was used to identify 
high risk movement pathways and locations to inform decision making for policy development to control 
CSF in eastern Indonesia.

Alternative scan-based approaches to identify clusters of HPAI H5N1 cases among Tufted Ducks and 
other wild bird species found dead in Denmark and Sweden in 2006
Alkhamis, M.1, Willeberg, P.1, Carlsson, U.2, Carpenter, T.1 and Perez, A.1, 1Center for Animal Disease 
Modeling and Surveillance, University of California Davis, School of Veterinary Medicine, USA, 2National 
Veterinary Institute, Sweden; maalkamees@ucdavis.edu

The objective of this study was to demonstrate the effects of alternative model choice and parameterizations 
in the detection of space-time clusters of HPAIV H5N1 cases reported among wild birds in Denmark and 
Sweden in 2006. Data included 1,469 records (109 cases/1,360 controls) collected between February and 
June by passive surveillance of dead wild birds. Laboratory diagnoses were obtained by PCR methods and/
or virus isolation. Tufted Ducks were particularly frequent among the wild bird species affected in Denmark 
and Sweden during this epidemic, and Tufted Duck species (62 cases/57 controls) vs. other wild bird 
species (47 cases/1,303 controls) was considered in the analysis as a potential risk indicator. Bernoulli and 
permutation scan statistics models were performed to compare the impact of the probability model choice 
on the cluster detection. Bernoulli and permutation scan analyses detected significant (P<0.01) multiple 
clusters with similar locations, but with certain differences in their number and size. The observed-to-
expected case ratios in the clusters detected by the Bernoulli scan model after stratification by species, were 
substantially heterogeneous, suggesting effect modification. However, the permutation model didn’t detect 
the effect modification of species on clustering of cases. Bernoulli model results suggest that the clustering 
was partly related to the heterogeneous collection of samples and the uneven distribution of the bird species 
in space and time. Scan-based models are commonly used for the identification of clusters of disease, and 
this study provided useful insights into the impact of analytical model choice and parameterizations for the 
identification of high-risk areas for infectious animal disease surveillance.
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The broken food chain information: cross border issues of risk-based meat inspection in the pig sector 
in Germany and the Netherlands
Wilke, T.1, Van Wagenberg, C.2, Oosterkamp, E.2, Bondt, N.2 and Lang, J.1, 1University of Bonn, Institute 
of Animal Science, Germany, 2LEI, part of Wageningen UR, Netherlands; tilman.wilke@uni-bonn.de

European food safety legislation allows for a new type of meat inspection in swine. This ‘risk-based meat 
inspection without incision’ or ‘supply chain meat inspection’ (SCMI) uses food chain information to 
derive a veterinary prognosis on the pigs’ health prior to delivery to the slaughterhouse and allows for 
visual inspection of pig carcasses. Slaughter companies who want to implement SCMI must develop their 
risk-based system and have it approved by the competent authority. In the Dutch-German border region, 
slaughter companies implementing SCMI and suppliers delivering pigs in such a system have to consider 
the prerequisites of a number of competent authorities. In turn competent authorities have to cope with 
the special conditions and requirements of a cross border economic region. Within the INTERREG-IV-A 
project SAFEGUARD issues were addressed that arise from the conduct of SCMI in a cross border context. 
The main objective was to elaborate an up-to-date comparison between Germany and the Netherlands. We 
used an iterative approach of collecting information from project partners, external experts and scientific 
literature and providing feedback to the project group during a number of meetings and workshops. We 
discovered, among others, important differences in ‘involvement of private parties’, ‘data exchange and 
communication’ and ‘use of epidemiological data’. We conclude that the existence of SCMI systems using 
different ‘epidemiological data’ from the holding is a barrier to inter-company acceptance of finishing pigs 
for slaughter. Further, current systems of data exchange fail to give a complete picture of a farm’s health if 
farms switch deliveries between slaughterhouses. We suggest, that data exchange of food chain information 
and meat inspection results should be reorganized and harmonized. Further research is needed to assess 
economic consequences of these issues.

A Bayesian approach to evaluate effectiveness of Gudair™ vaccine by combining information from 
multiple diagnostic tests
Dhand, N.K.1, Johnson, W.2, Eppeleston, J.3 and Windsor, P.A.1, 1The University of Sydney, Australia, 
2University of California, Irvine, USA, 3Tablelands Livestock Health and Pest Authority, Bathurst, Australia; 
navneet.dhand@sydney.edu.au

Vaccination has been used as a major component of the control program since the registration of Gudair™ 
vaccine in 2002. This study was conducted to evaluate the effectiveness of vaccine in decreasing the 
prevalence of shedding of Mycobacteria in flocks of varying initial prevalence. We enrolled 38 flocks 
in the study that had been tested prior to or at commencement of vaccination with either pooled faecal 
culture test (PFC), agar gel immunodiffusion test (AGID), or both. These pre-vaccination test results were 
used to estimate pre-vaccination prevalence. Post-vaccination prevalence was estimated from culture of 
pooled faecal samples (usually 7 pools of 50 sheep from each flock) collected from the enrolled flocks in 
2008-2009, approximately five or more years after commencement of vaccination. A Bayesian approach 
was used to estimate and compare the pre- and post-vaccination true prevalences. Apparent prevalences 
for flocks were modelled as functions of the true prevalences and the sensitivities and specificities of the 
respective diagnostic tests used. The modelling resulted in a likelihood function contribution that tied 
together the contributions from flocks tested with different tests. Of the 38 flocks enrolled in the study, 7 
were apparently not shedding post-vaccination suggesting that 31/38 (81%) flocks were still shedding five 
or more years after commencement of vaccination. Bayesian modelling estimated a significant decline in 
OJD prevalence from a pre-vaccination median prevalence of 2.99% (95% Probability Intervals (PI): 1.50, 
7.92%) to a post-vaccination median prevalence of 0.74% (95% PI: 0.42, 1.29%). The results suggest that 
vaccination with Gudair™ is effective in reducing shedding but as the response to vaccination is variable 
between flocks, use of vaccination for longer than 5 years is advisable for the majority of infected flocks.
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Assessment of differences in the risk to public health, animal health and animal welfare after potential 
modification of organ inspection at slaughter
Nigsch, A.1, Blagojevic, B.2, Dadios, N.1, Stärk, K.D.C.1, Gregory, N.1 and Alonso, S.1, 1Royal Veterinary 
College, United Kingdom, 2University of Novi Sad, Serbia; anigsch@rvc.ac.uk

A public debate on the revision of meat inspection (MI) is ongoing in Europe. The question to science is 
whether changes to current MI practice will result in risk differences to public health (PH), animal health 
(AH) and also animal welfare (AW). The aim of this project was to qualitatively assess the risk to PH, AH 
and AW derived from potential changes to the inspection practices of green offal (GO; stomachs, intestines 
and mesentery). We applied the Codex Alimentarius framework to a selection of hazards: Mycobacterium 
bovis and Mycobacterium avium subsp. paratuberculosis (in bovines), toxoplasmosis (in sheep), classical 
swine fever, Salmonella, hernia and tail bites (in pigs). A risk pathway mapping the steps from lairage to 
chilling of the carcase was developed. For each hazard, the risk associated with three different inspection 
scenarios was considered: (1) traditional inspection; (2) only visual inspection; and (3) total absence of GO 
inspection. The capacity of each MI task to reduce the hazard in the carcase was assessed by combining three 
probabilities: presence of macroscopic lesions, their detection and setting corrective actions. The likelihood 
of a hazard being present in a carcase at chilling was used to measure the risk and compare scenarios. The 
risk assessment for the three scenarios showed that for the studied hazards the contribution of GO inspection 
was of limited value. Lesions associated with these hazards are seldom manifested in GO alone. Even if GO 
inspection is removed, the lesions indicative of these hazards could still be detected, with high probability, 
by other current MI tasks. Therefore, a modification of the GO inspection wound not result in a substantial 
change in the risk to PH, AH and AW. However, GO inspection can still provide valuable information with 
regard to the prevention of AH and AW related hazards.

Traffic lights and dash boards: graphical presentation of abattoir data
Pearse, B. and Vanderlinde, P., Department of Agriculture, Fisheries and Forestry, Australia; 
baden.pearse@daff.gov.au

The regulatory oversight of abattoirs, boning rooms and freezers is essential to ensure safe food production. 
Until recently, auditors from the competent authority would pass or fail the plants based on a mixture of 
objective and subjective criteria. Frequently, these audit outcomes were poor predictors of food safety 
outcomes, for instance, microbiological contamination of product. A more modern approach has been 
developed by the Department of Agriculture, Fisheries and Forestry (DAFF Biosecurity, formerly AQIS). 
Called the Product Hygiene Index (PHI), the process results in the collection of a large data set of objective 
measures relating to carcass microbiology levels, pre-operation sanitiation and presence of pathogens 
and indicator organisms on meat. First showcased at ISVEE XII in Durban, new software has now been 
developed which provides industry managers and regulators, a visual display which highlights aspects 
of the production system requiring attention through the use of coloured lights (traffic lights) and digital 
representation of trends and analysed data. Importantly, an individual plant’s performance is compared 
to national averages to benchmark them against each of the approximately 20 components of the Product 
Hygiene Index. The Index is the major factor in determining Performance Based Auditing Frequency and 
provides a trigger for regulatory action against a company, where necessary. The theatre presentation will 
describe the components of the PHI and demonstrate the new graphical displays and outputs.
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A risk assessment for visual only meat inspection of both indoor and outdoor pigs within the UK
Hill, A.A.1, Brouwer, A.1, Donaldson, N.1, Lambton, S.1 and Buncic, S.2, 1Animal Health and Veterinary 
Laboratories Agency, Epidemiology and Risk group, United Kingdom, 2University of Novi Sad, Department 
of Veterinary Medicine, United Kingdom; andrew.hill@ahvla.gsi.gov.uk

This project was commissioned by the UK Food Standards Agency in the context of its programme of work 
to modernise meat hygiene inspection. One specific example of modifying traditional inspection techniques 
to represent a more cost-effective approach to meat inspection is the allowance in EC Regulation 854/2004 
for visual-only inspection of pigs that have been reared under controlled housing conditions since weaning. 
However, the definition of ‘controlled housing’ excludes outdoor pig production, hence so far UK abattoirs 
have yet to introduce visual-only meat inspection because of the UK having a large outdoor pig herd. We 
have therefore conducted a qualitative risk assessment to assess the risks to public/animal health from 
allowing visual-only inspection of both indoor and outdoor pigs. In order for visual-only inspection to be of 
higher risk to public or animal health than traditional meat inspection, the sensitivity of detection of a hazard 
must significantly decrease. In addition, in order for outdoor pigs to pose a greater risk than indoor pigs, 
the hazard must be more prevalent in the former than the latter. From a large number of hazards originally 
identified as worthy of investigation, only two (TB and endocarditis) were considered to be of public/
animal health risk and would be less likely to be spotted through visual-only inspection. It was determined 
from the UK’s national meat inspection database that prevalence of TB in outdoor pigs was higher than in 
indoor pigs; however, endocarditis prevalence was higher in indoor pigs than outdoor pigs. Despite higher 
rates of TB in outdoor pigs, there was no discernable risk to public or animal health from TB-infected pigs. 
It was therefore concluded that visual-only inspection of both indoor and outdoor pigs in the UK posed a 
negligible risk to public or animal health.

Estimation of surveillance system sensitivity for bovine tuberculosis in Denmark
Calvo-Artavia, F.F.1, Nielsen, L.R.1 and Alban, L.2, 1University of Copenhagen, Large Animal Sciences, 
Denmark, 2Danish Agriculture & Food Council, Denmark; francisco@life.ku.dk

Denmark is officially recognised as free from bovine tuberculosis (bTB) since 1980. The Danish surveillance 
programme consists of post-mortem examinations of all slaughtered cattle and pigs (livestock) as well 
as tuberculin tests of exported livestock. Documentation of free status is important to ensure trade in 
livestock and meat. However, surveillance programmes are costly and not always that effective. The aim 
was to identify more cost-effective surveillance programmes for bTB. First, we evaluated the sensitivity 
of the current surveillance system for bTB in Denmark. Next, we simulated the effect of potential changes 
in the different surveillance system components on their respective sensitivities (SSCSe). The sensitivity 
was defined as the probability of detecting at least one infected animal with bTB at a design prevalence 
of 0.1%. Different scenario trees were developed to evaluate each component of the current surveillance 
system, namely testing imported or exported livestock, and meat inspection of livestock. The population of 
slaughtered livestock was divided into high-risk and low-risk groups according to the following risk factors: 
herd type, imports from countries not free from bTB, wildlife, animal movement rate and performance of 
the skin-test. The SSCSe was higher at the abattoir due to larger sample sizes for this component. However, 
its efficiency depends on the visual inspection sensitivity during meat inspection, which can vary greatly. 
Under freedom from disease status it can be assumed that import of infected cattle or pigs constitute the 
largest risk for re-introduction of bTB in Denmark. bTB has never been found in Danish free-ranging 
wildlife, making wildlife contact less important. The results of this study are relevant for the surveillance 
system improvement and modernisation of meat inspection currently being discussed in the EU.
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Training of veterinarians to work for government veterinary services in Europe: needs and current 
gaps
Stärk, K.D.C.1, Winding, W.2, Batho, H.3, Kihm, U.4 and Wyss, H.5, 1Royal Veterinary College, Veterinary 
Clinical Sciences, United Kingdom, 2Federation of Veterinarians in Europe FVE, Belgium, 3Private 
consultant (formerly European Commission DGSANCO), Belgium, 4SAFOSO Inc., Switzerland, 5Federal 
Veterinary Office, Switzerland; kstaerk@rvc.ac.uk

A workshop was conducted to identify and discuss day-one competencies for veterinarians working for 
government veterinary services in Europe. The aim was to list requirements from the employer perspective 
and to compare the result with the current veterinary undergraduate curriculum. While veterinary education 
is expected to provide the basics in most of the employer-identified competencies, experience and continuing 
professional development or post-graduate training were seen to be essential to provide competencies at 
advanced level. When considering the competencies of current veterinary graduates, key gaps were identified 
primarily in the area of communication, but also in some technical fields such as risk analysis, impact 
assessment, common agricultural policy, international affairs, health economics, contingency planning and 
inspection/audits. While some veterinary schools are including some of these topics in their teaching, it is 
not currently required nor rewarded when they are audited within the European quality assurance framework 
governed by the European Association of Establishments in Veterinary Education. The outcomes of this 
workshop indicated a need to revise the current standards for veterinary undergraduate education. The 
introduction of electives or tracking options for students pursuing careers in veterinary services is desirable. 
Courses leading to post-graduate qualification and specialisation, including certificates and diplomas for 
veterinary officers contribute to the current training needs. Workshop participants also emphasised the 
importance of identifying future needs for successful management of challenges expected in the coming 
10-15 years and to regularly update the undergraduate curriculum accordingly.

Teaching statistical topics in the veterinary curriculum: what do our peers expect?
Doherr, M.G.1, Zeimet, R.2 and Kreienbrock, L.2, 1VPHI, Vetsuisse Faculty, University of Bern, Switzerland, 
2IBEI, University of Veterinary Medicine Hannover, Germany; marcus.doherr@vetsuisse.unibe.ch

Given the conceptual mindset of veterinary students, teaching statistical concepts to these individuals is 
often (seen as) a challenge. In consequence there is an ongoing debate about the best time, approach and 
content to teach in our statistics classes, and various faculties worldwide have established their own models. 
During a workshop meeting of biostatistics lecturers of the Austrian (1), German (5) and Swiss (2) veterinary 
schools the (additional) question was raised whether the topics that we teach in the statistics classes are of 
sufficient relevance to our lecturing colleagues, i.e. if our peers have certain expectations or needs what 
the students should know about biostatistics before entering their classes. In fall of 2011 an online survey 
was developed and implemented at all eight vet schools to address this issue. Over 250 lecturers (70% 
between 40 and 60 years of age) from the eight schools and all disciplines responded. Over 50% indicated 
that statistical concepts should be taught early (1st or 2nd year); for epidemiological concepts that proportion 
was smaller (27%). There were clear differences in perceived relevance of the 44 subtopics presented in the 
survey, assessed on a score from 0 (no relevance for own lecture) to 4 (very high relevance) with an overall 
median and mode of 1 (low relevance). Further details including possible associations with discipline of 
the responding colleagues and consequences on the topics we should teach in the statistics classes will be 
presented during the conference.
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Spatial distribution of Toxoplasma gondii in animal populations and soil
Gotteland, C.1,2, Poulle, M.L.2,3, Charbonnel, N.4, Villena, I.2 and Gilot-Fromont, E.1,5, 1CNRS, UMR5558 
LBBE, Villeurbanne, France, 2URCA, Laboratoire de Parasitologie-Mycologie, EA 3800, Reims, France, 
3URCA, CERFE, Boult-aux-bois, France, 4INRA, UMR CBGP, Montferrier s/Lez, France, 5Vet Agro Sup, 
Marcy l’étoile, France; cecile.gotteland@univ-lyon1.fr

Toxoplasma gondii causes one of the most common zoonoses in the world. People may get infected either 
through meat containing tissue cysts or by oocysts after direct or indirect contact with contaminated soil. 
In order to estimate the relative role of each route, it is necessary to understand the distribution of oocysts 
in the natural environment. This aspect is poorly known due to the lack of sensitive detection methods. 
Here, our aim was to analyze the spatial distribution of the parasite in the populations of definitive hosts 
(cats), intermediate hosts (rodents) and in the soil simultaneously, using a recent sensitive method to detect 
T. gondii oocysts, based on concentration and quantitative PCR. We focused on a rural area of 1.5 km2 in 
a French village in Ardennes. Demographic and epidemiological surveys of cats (114 captures since 2008) 
and rodents (357 captures since 2010) were performed. In 2011, one at random soil sampling was performed 
(244 soil samples) in a stratified scheme considering distance from the village center, presence of cats and 
soil nature. Preliminary results showed that seroprevalence was 56.4% in cats, 8% in rodents and 8% in 
soils. Spatial analyses allowed us to map the soil contamination and to study its relationships with soil 
characteristics, with the presence and infection status of intermediate and definitive hosts. Environmental 
contamination was both largely distributed (not restricted to the center of the village) and locally spatially 
clustered. The relationships with contamination of rodents and cats will be detailed.By improving our 
understanding of the spatial dynamics of oocysts, these results will provide elements to estimate the risk of 
human contamination associated with oocysts and to design preventive measures against toxoplasmosis.

The global burden of congenital toxoplasmosis
Torgerson, P.R.1 and Mastroacova, P.2, 1Section of Veterinary Epidemiology, University of Zurich, 
Switzerland, 2International Clearing House for Birth Defects, Italy; paul.torgerson@access.uzh.ch

Toxoplasmosis is an important food-borne zoonosis and is a hazard to pregnant women. Primary infection 
during pregnancy can cause considerable harm to the developing foetus. The World Health Organization is 
coordinating an initiative to estimate the global burden of food-borne diseases. Toxoplasmosis is recognized 
as an important global food-borne pathogen. The burden of congenital toxoplasmosis (CT) is an essential part 
of the process of estimating the global burden of food-borne toxoplasmosis. A number of systematic reviews 
identified the best evidence for the incidence of CT for each country. Available data varied from country 
to country and hence a variety of techniques were used. These including estimates based on the numbers 
of actual cases where reporting systems were in place. Alternatively, the numbers of cases were estimated 
from cross sectional survey of new born infants who were sero-positive to toxoplasma specific IgM. Finally 
modeling techniques were used which utilized the incidence of specific Toxsoplamsa-IgM seroconversion 
of women during pregnancy or the increase in sero-prevalence with age. The latter technique can be used to 
calculate the risk of exposure during pregnancy of women of child bearing age. Whatever technique was used 
appropriate adjustments were made for the diagnostic accuracy of the tests used and stochastic techniques 
were used to model uncertainty which was dependent on the data quality. Estimates of the burden of CT in 
terms of Disability Adjusted Life Years (DALYs) were made based on appropriate disability weights for the 
syndromes associated with CT. The results suggest that globally there are approximately 193,500 infants 
born annually with CT. Globally the incidence is approximately 1.5 cases of CT per 1000 births resulting 
in a global burden of approximately 1.45 million DALYs annually

Session 30 Theatre 2

Session 30 Theatre 1



80 ISVEE – Book of Abstracts 2012

An epidemiological and economic framework for evaluating the tangible and intangible impacts of 
emergency animal disease outbreaks
Wilson, S.J.1, Ward, M.P.1 and Garner, M.G.2, 1University of Sydney, School of Veterinary Science, Australia, 
2Department of Agriculture, Fisheries and Forestry, Australia; sarah-jane.wilson@sydney.edu.au

The economics of emergency animal disease outbreak response is impacted by a range of factors, such 
as the likelihood of an event occurring, species affected, frequency and distribution of disease incursions, 
transmission cycles, host interactions and climatic anomalies. Whilst empirically focussed economic 
evaluation tools for analysis and evaluation of control and prevention options are in frequent use, insights 
can be gained from an expanded framework that incorporates value-drivers used to justify decisions. The 
framework is build around an extrapolated cost-benefit analysis (CBA) that incorporates tangible and 
intangible elements. Primary steps involve risk analysis to ascertain the magnitude, priority and impact 
of the potential emergency situation. The framework also allows the operator to value-add to the CBA by 
incorporating non-commercial intangibles (such as environment, human health and animal welfare) using 
a series of value multipliers. These are essentially an averaged preference for a nominated approach or 
intervention along a scale of potential value placements using an axiological methodology. The outcome 
of the framework represents a holistically adjusted parametric. Potential uses of these outcomes could 
include (but are not limited to): (1) development of new policy for emergency animal diseases in peace 
time (Preparedness phase); (2) during consultative processes where multiple perspectives and values must 
be identified and considered: (1) for economic (tangible and intangible) justification of adjustments to 
response policy during an exotic animal disease (control phase); (2) for comparing and contrasting the 
economic (tangible and intangible) consequences of a particular control or prevention policy A case study 
using Hendra Virus will be given.

An agent-based model to optimize the mitigation of a contagious animal disease
Niemi, J.K.1 and Gramig, B.M.2, 1MTT Agrifood Research Finland, Economic Research, Finland, 2Purdue 
University, Department of Agricultural Economics, USA; jarkko.niemi@mtt.fi

When a contagious animal disease is introduced into a country, it is important to mitigate the spread of the 
disease. Often studies analyse mitigation in a setting where the optimal policy is implemented as desired 
by the society. However, many decisions to combat disease are taken by individual producers, without 
government being able to control for their decisions. It is therefore important to provide producers with 
private economic incentives such that they choose mitigation actions that benefit society too. The problem 
has spatial and time dimensions, because the optimal disease control is likely to depend on geographical 
proximity of disease, economic links between farms, and time elapsed after introducing the disease into 
a naïve population. Previous literature has not addressed time-space interaction in animal disease control, 
particularly when mitigation effectiveness is a function of decisions made by individual producers. This 
paper develops a stochastic simulation model that takes into account space and time dimensions to support 
policy design and resource allocation in response to a disease outbreak. The main elements of the model are: 
(1) a social objective function to maximise economic welfare for the society; (2) a set of policies to mitigate 
the disease; (3) a network of farms where the disease can spread over time; (4) a connectivity matrix defining 
the probability of a farm in the network to become infected at a certain time period conditional on which 
other farms are already infected; (5) private objective functions used to solve for how economic incentives 
provided to diffefent livestock producers affect their choice of mitigation policy; and (6) a payment scheme 
to reward producers choosing a policy preferred by society. Simulated disease outbreak in Finland is used 
as a case study. The results suggest that the potential to mitigate disease spread through incentive policy 
depends on both the characteristics of the disease and important space-time dimensions.
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Impact of regulatory perturbations to disease spread through cattle movements in Great Britain
Vernon, M.C. and Keeling, M.J., University of Warwick, School of Life Sciences, United Kingdom; 
m.c.vernon@warwick.ac.uk

During the past decade the British livestock industry has suffered from several major pathogen outbreaks, 
and a variety of regulatory and disease control measures have been applied to the movement of livestock 
with the express aim of mitigating the spread of infection. The Rapid Analysis and Detection of Animal-
related Risks (RADAR) project, which has been collecting data on the movement of cattle since 1998, 
provides a relatively comprehensive record of how these policies have influenced the movement of cattle 
between animal holdings, markets, and slaughterhouses in Britain. Many previous studies have focused 
on the properties of the network that can be derived from these movements – treating farms as nodes and 
movements as directed (and potentially weighted) edges in the network. However, of far greater importance 
is how these policy changes have influenced the potential spread of infectious diseases. Here we use a 
stochastic fully individual-based model of cattle in Britain to assess how the epidemic potential has varied 
from 2000 to 2009 as the pattern of movements has changed in response to legislation and market forces. Our 
simulations show that the majority of policy changes lead to significant decreases in the epidemic potential 
(measured in multiple ways), but that this potential then increases through time as cattle farmers modify 
their behaviour in response. Our results suggest that the cattle industry is likely to experience boom-bust 
dynamics, with the actions that farmers take during epidemic-free periods to maximise their profitability 
likely to increase the potential for large-scale epidemics to occur.

Quantitative estimation of economical losses consecutive to the 2006-2007 Bluetongue epidemics in 
Wallonia
Hanon, J.B., Uyttenhoef, A., Fecher-Bourgeois, F., Humblet, M.F., Kirschvink, N., Haubruge, E., Duquesne, 
B. and Saegerman, C., University of Liege, Belgium; claude.saegerman@ulg.ac.be

Since the summer of 2006, Central and Northern Europe faced the emergence of bluetongue (BT) in 
domestic ruminants and characterized by an unusual clinical picture in cattle. The disease BT spread 
rapidly and clinical signs of BT caused a serious concern among cattle and sheep holders, particularly 
because of a high incidence of reproductive disorders reported since the autumn of 2007. Consequently, BT 
induced major economical losses in both cattle and sheep industries. The economical consequences of BT 
were quantitatively estimated in Southern Belgium, on one hand, by mean of transversal epidemiological 
investigations submitted to ruminant holders and veterinarians and on the other hand, by identifying and 
interconnecting different databases compiling technical and economical information. The results of this study 
are representative of both bovine and ovine sectors of Wallonia. Two approaches were performed to estimate 
economical losses: a deterministic method (based on the mean of losses) and a probabilistic approach 
(taking into account the distributions of values obtained for each parameter involved in the estimation of 
losses). The mean technical and economical losses in Wallonia reached 32.3 million € (‘mean’ hypothesis 
based on the veterinary inquiry) and 104.8 million € (‘high’ hypothesis, based on investigations performed 
among cattle and sheep holders). Various elements compiled in the technical and economical databases 
validated the study. The main losses were related to reproductive disorders. Nevertheless, these losses 
should be re-assessed because their estimation might have been performed too early after the emergence 
of BT. Indeed, losses were estimated before the results of the reproduction season were known and should 
then be re-evaluated as they did not take into account this major post.
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Incentives for earlier disclosure by outbreaks of epidemics
Valeeva, N.I.1, Van Asseldonk, M.A.P.M.1, Huirne, R.B.M.2 and Backus, G.B.C.1, 1LEI, part of Wageningen 
UR, Netherlands, 2Wageningen University, Netherlands; natasha.valeeva@wur.nl

Early disclosure of livestock epidemics is an essential determinant for the epidemic size and its financial 
consequences for economies at different levels. Depending on indemnity payments and the magnitude of 
regulatory costs of disclosure, the farmer may have an incentive to withhold the information on possibly 
infected animals if the farmer expects to be worse off after disclosure. The study examines the impact of 
incentives on the farmers’ disclosure decision, for a Dutch case in the context of Classical Swine Fever 
(CSF). The disclosure decision is formulated as a stochastic discrete time and discrete state finite horizon 
dynamic programming model, accounting for farmers perceptions of infection probabilities and a within-
herd transmission. The model is run for scenarios with alternative sets of incentive parameters, represented 
by the proportion of public compensation for categories of animals, testing costs and quarantine costs. Per 
scenario, 100 replications are done. Results yield the optimal (least-cost for the farmer) strategy on disclosure 
timing of a CSF suspicion. In the base scenario (no compensation for dead animals; 50% compensation 
for diseased animals; no compensation for regulatory costs of disclosure), the optimal strategy for the 
farmer is to report a CSF suspicion in 3.72 weeks (after incubation period), with expected costs of €4,786. 
A big difference among replications shows that within-herd spread greatly affects the disclosure timing. 
Extra compensations for testing and quarantine costs, next to the base scenario, do not always result in 
notably earlier disclosure; 3.48; 3.52; 3.68 weeks in some analyzed scenarios. Penalties for dead animals 
is not an effective incentive policy, since the number of dead animals is rather small compared to diseased 
animals with specific clinical signs. Discarding compensation for (specific) clinical cases combined with 
compensation of regulatory costs of disclosure is the most effective policy, resulting in reporting period 
of 2.68 weeks.

Small-scale pig farmers’ behaviour, silent release of African swine fever and consequences for 
persistence
Costard, S.1,2, Zagmutt, F.J.1, Porphyre, T.2, Roger, F.3 and Pfeiffer, D.U.2, 1EpiX Analytics, USA, 2The Royal 
Veterinary College, United Kingdom, 3CIRAD, UR AGIRs, France; scostard@rvc.ac.uk

African swine fever (ASF) is present in most of Sub Saharan Africa, Sardinia, Transcaucasia and Russia. 
Most outbreaks affect backyard and small-scale farms (SSF), and transmission between farms involves 
movements of infected pigs or products. Field studies show that in case of a suspected outbreak, farmers 
often sell pigs with clinical signs for slaughter and pigs without signs to traders. ASF’s incubation and latent 
periods and farmers’ imperfect clinical diagnosis (sensitivity [Se] and specificity [Sp], time to detection 
and sale of animals [t]) facilitate the risk of selling infected pigs without detected signs to traders. This 
study aimed at estimating the probability that SSF release ASF infected pigs without detected signs via 
emergency sale and the impact of improving farmers’ diagnosis. A stochastic, individual-based, discrete 
time, state-transition model simulating ASF spread within SSF and emergency sale was developed in R. 
The model was parameterised using results from field surveys in Africa and the literature. The probability 
of releasing infected pigs without detected signs (Pr), the proportion of the herd released and the effect of 
t, Se and Sp were assessed for SFF of different sizes. For SSF of 10 pigs and more, t, Se and Sp of farmers’ 
clinical diagnosis have little effect on Pr, which remained high under all scenarios (from Pr=0.33 [n=10, 
t=35, Se=0.9, Sp=0.75] to Pr=0.93 [n=30, t=25, Se=0.75, Sp=0.9]). Although very small herds (n<10) 
constitute the majority of herds in affected regions, larger SFF (10<n<100) contributed proportionally 
more to ASF persistence via emergency sale. Improving farmers’ diagnostic accuracy is not an effective 
mitigation strategy as it does not significantly reduce the release of ASF infected animals via emergency 
sale. Alternative control measures involving other stakeholders need to be explored, such as market-based 
or certification approaches.
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Heterogeneity in animal contact networks: its measurement, modelling and consequences
Innocent, G.T.1, Marion, G.1, Smith, L.A.2, Hutchings, M.R.2 and Mckendrick, I.J.1, 1Biomathematics & 
Statistics Scotland, United Kingdom, 2Scottish Agricultural College, United Kingdom; giles@bioss.ac.uk

Contact networks between animals or groups of animals are typically modelled using a static structure. 
They are either modelled using simple summaries of the data, such as proportion of time spent in contact 
or numbers of animals sold or they are modelled using the details of a single observation of the network, 
possibly made over a period of time. Such approaches suffer because they neither consider the dynamic 
nature of the network, nor the randomness inherent in contacts. Furthermore they are specific to the data 
observed, and therefore may give erroneous inferences if used to predict future events. Although the static 
approach does allow comparison of networks, it only allows us to say whether the declared networks are 
the same or different: in the absence of an error structure, we can not quantify the statistical significance of 
differences relative to random variability. We have developed a stochastic framework to examine contact 
networks, fitting probability distributions independently to different random variables defining the network. 
For example, inter-contact times and contact durations between individuals within a group can each be 
described using gamma distributions. Fitting these distributions using two generalised linear models also 
allows us to incorporate covariates into the models. This approach results in a complete description of 
the network that can be used both to make robust predictions and to compare networks in a statistically 
meaningful manner. We have used this approach to demonstrate the effect of heterogeneity in contacts on 
the spread of disease. The model predicts that an assumption of homogeneity of contacts across all pairs 
of animals will lead to inaccuracies in the estimation of the basic reproductive ratio R0. We have also 
demonstrated statistically significant differences in the contact network of a group of animals before and 
after the introduction of an unfamiliar animal.

Emergency vaccination against CSF and real animal health alternatives
Thulke, H.H.1, Eisinger, D.1, Beer, M.2 and Blome, S.2, 1Helmholtz Centre f. Environmental Research – UFZ, 
Department of Ecological Modelling, PG EcoEpi, Germany, 2FLI – Friedrich-Loeffler-Institut, Institute of 
Diagnostic Virology, Germany; hans.thulke@ufz.de

Very effective strategies exist to combat infectious diseases like Classical Swine Fever in industrial 
livestock areas (e.g. EU Directives). Drastic approaches, e.g. pre-emptive depletion of around detected 
outbreaks, however, experience doubtful publicity whenever they were applied. These concerns address the 
ethic perspective as well as unrelated consequences like welfare destruction of animals under movement 
restrictions. The issue is considered recently on the European level and we provide a model-based assessment 
of strategy alternatives to control CSF outbreaks. The hot-spot discussion covers different limited emergency 
vaccination protocols as substitute of pre-emptive destruction. We present the proposed vaccination 
alternatives considering vaccine concepts and pig farm types. We compare the outcome of simulations that 
represent the spread of the infection and the changing details of control application in a large-scale livestock 
area. We confirm emergency vaccination as option to substitute destruction measures in the vicinity of 
outbreaks. However, although emergency vaccination may be the matter of debate our simulations revealed 
that aspects of the control application – which do not limit the focus on the local neighbourhood of outbreaks 
– would help much further in providing an ethically and economically sustainable CSF management 
strategy. We present a comparative evaluation of ‘free-testing’ (adapted from the Belgian model) in relation 
to control success, control effort and accompanying losses. Finally, the improved understanding allows 
the manipulation of movement restrictions beyond what is currently legislated with a through breaking 
improvement of whole strategy outcome. We integrate the proposed activities into the socio-economically 
motivated debate on the practicality of alternative approaches.
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Modeling hierachical interval censored time to intra-mammary infection data through Gibbs sampling
Ampe, B. and Duchateau, L., UGent, Department of Comparative physiology and biometrics, Belgium; 
Bart.Ampe@ugent.be

Time to infection data are commonly interval-censored in observational studies, and at the same time 
hierarchically organized: the event time of an udder quarter is clustered within a cow, and the cows are 
clustered within farms. No standard procedures exist to analyze such hierarchical interval-censored survival 
data. Furthermore, the low number of events (less than 5%) seems to be problematic when using the few 
available frequentist methods. We use Gibbs sampling based on the conditional distributions to investigate 
risk-factors for intramammary infections occurring at different hierarchical levels. Risk factors were 
considered statistically significant if the 95% Bayesian credible intervals for the hazard ratios excluded 1. 
The risk-factors which were significant in the uni-variable model were introduced in a forward stepwise 
selection procedure to produce the final model. A small simulation study was performed to validate the 
proposed Bayesian method. Overall, the Bayesian approach performed well with a coverage of at least 95%. 
Only in cases with a very low number of events the coverage decreases.

Multi-level survival analysis in practice
Stryhn, H.1, Elghafghuf, A.1, Burnley, T.A.1,2 and Hammell, K.L.1,2, 1Atlantic Veterinary College, University 
of Prince Edward Island, Centre of Veterinary Epidemiological Research, Canada, 2Atlantic Veterinary 
College, University of Prince Edward Island, AVC Centre for Aquatic Health Sciences, Canada; 
hstryhn@upei.ca

The inclusion of random effects (frailties) in survival analysis has become a standard approach to account 
for hierarchical, or multi-level, data structures. It is however less common to include other components 
of multi-levels models, namely random regression coefficients (also called random slopes) and contextual 
effects. This may be due both to the computational complexity of the former and to the scarcity of datasets 
that support such modelling. We use a previously published analysis of data on lameness in piglets, with 
sows clustered in herds, to illustrate the additional insights that may be obtained from a full multi-level 
survival analysis based on the Cox proportional hazards model, and how such insights may substantially 
affect study conclusions. Our analysis includes a simulation study to compare the performance of four 
estimation approaches for Cox models with correlated frailties available in standard software, with ensuing 
recommendations for choice of analytical approach and software. As a second example we consider mortality 
data from a recent aquaculture field vaccine trial carried out with individually tagged fish in multiple cages 
each comprising multiple vaccine groups simultaneously (2). We discuss the challenges of a full multi-
level survival analysis to account for cage-level variations in vaccine effects within a hierarchy with sparse 
replication at the upper (cage) level.
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Zero inflated datasets in epidemiological studies: comparing statistical test procedures: an application 
in tick counting in South Africa
Zeimet, R.1, Nyangiwe, N.2, Ruddat, I.1 and Kreienbrock, L.1, 1University of Veterinary Medicine Hanover, 
Germany, 2Döhne Agricultural Development Institute Stutterheim, South Africa; 
Ramona.Zeimet@tiho-hannover.de

Data with clumping at zero frequently occur in veterinary applications. This is e.g. the case, if the occurrence 
of rare species is studied. Here, often a large number of locations without these species are identified, beside 
a small number of locations where a few counts occur. Therefore such datasets are characterized by high 
accumulations of zero observations in a distribution of continuous nonnegative responses. Comparing two 
samples with continuous nonnegative scores and substantial proportions scoring zero, presents problems 
in using conventional test procedures because the large number of ties leads to a distortion of the data and 
thus, to false test results. Even data transformations do not diminish this problem. Specific test procedures 
have been developed for comparing samples with data clumping at zero. In this project the power of two 
specialised methods was compared with three conventional statistical tests. The former includes the two-
part model of Lachenbruch, 2001, and the modified Wilcoxon test introduced by Hallstrom, 2009 and the 
latter the application of the t-test, the Wilcoxon rank-sum test and the permutation test. Practical validation 
was achieved through the analysis of tick occurrence in the Eastern Cape Province in South Africa as well 
as performing a simulation study. For the simulations we generated 27,000 samples by producing data 
with zero inflation and varying the distribution parameters. It was found that the conventional t-test often 
presented higher power than the two-part model and the modified Wilcoxon test, especially for data with 
more than 60% zero observations. If the proportion of zeros counted less than 40% the modified Wilcoxon 
test also worked satisfactory. As a general finding the two-part model was superior to all others for data 
from several underlying distributions studied here.

Modelling the temporal dynamics of Bovine Digital Dermatitis (BDD) using longitudinal diagnostic 
data and latent infection status
Vink, W.D.1, Jones, G.2, Johnson, W.O.3 and French, N.P.1, 1Institute of Veterinary, Animal and Biomedical 
Sciences, Massey University, EpiCentre, New Zealand, 2Institute of Fundamental Sciences, Massey 
University, New Zealand, 3Department of Statistics, University of California Irvine, USA; 
W.D.Vink@massey.ac.nz

Bovine digital dermatitis is a contagious epidermitis which is a leading cause of lameness in dairy cattle. 
Foot inspection for the typical lesions has limited diagnostic sensitivity and is prone to observer bias. 
Serology is a potentially more sensitive indicator of infection. Given the complex nature of BDD, we 
previously differentiated between a latent infection status and an observable disease status, where the latter 
was determined by foot inspection. We then used data from a cross-sectional study to develop a Bayesian 
model to estimate each individual’s probability of infection, incorporating serology outcomes as well as 
observed lesion status and covariate data (foot hygiene score and age). We extend this work to investigate 
the temporal dynamics of infection. In a longitudinal study, cohorts of calves, heifers and cows (n=128) 
were sampled over a 22-month period during 2004-2005. At each visit, foot inspection, blood sampling 
and animal hygiene scoring were carried out. Serum samples were analysed by ELISA. We first modelled 
the latent infection status of individuals conditional on previous infection status and covariate information. 
We then jointly modelled the sequence of serology outcomes and lesion status conditional on this infection 
status and covariate information. This joint model allows the predictive probabilities of infection for each 
individual to be estimated at any observation time; it incorporates the fact that each individual has its own 
baseline serology score, and an individual-specific reaction to infection. The model outputs showed a 
seasonal effect on the probability of lesions for infected cows, and provided some evidence for a protective 
age effect, where older animals may develop resistance after repeated exposure.
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Epidemiological evaluation of air filtration in large sow herds in North America
Alonso Garcia-Mochales, C.1, Davies, P.1 and Dee, S.2, 1University of Minnesota, Veterinary Population 
Medicine, USA, 2Pipestone Veterinary Clinic, USA; alons015@umn.edu

Air filtration systems have been demonstrated to reduce the risk of introduction of PRRSV contaminated 
aerosol into susceptible herds. Based on these data, several North American production companies have 
installed air filtration systems in boar studs or sow farms. However, a large epidemiological study evaluating 
the efficacy of air filtration with real farm data has not been completed. Therefore, the objective of this 
retrospective study was to assess the incidence of PRRSV outbreaks in filtered and non-filtered sow farms 
during the study period. In 2010, 20 filtered and 17control participant sow farms from areas of high farm 
density were enrolled. The time line for data collections was from Oct 2004 to June 2011. Inclusion criteria 
were an average inventory of ≥2,500 sows, use of a validated program of biosecurity, and a history of at least 
3 new PRRSV introductions over the preceding 4 years. Prospective surveillance involved monthly qRT-
PCR testing pools of serum from 30 piglets at weaning time (5 samples per pool). All PRRSV isolates were 
sequenced and represented in dendrograms (phylogenetic trees) for evaluation. For this study, an outbreak 
was defined as the detection of a PRRSV isolate that differed by >2% in the ORF 5 region from previous 
viruses of the different clusters found historically in the herd. Incidence rate for each group of farms was 
calculated as new outbreaks per farm-year at risk.Exhaustive analysis of the dendrograms demonstrated the 
seasonality of PRRSV outbreaks, although the seasonal pattern decreased noticeably during the latter periods 
when all filtered farms where under complete filtration.Non filtered farms (control and pre-filtered farms) 
had 6.4 outbreaks per 10 farm-years at risk and filtered farms, under the same conditions, 1.6 outbreaks per 
10 farms-yrs at risk. During the study period, the incidence density ratio indicated that a PRRSV outbreak 
was 4 times higher in control farms when compared with filtered farms (95%CI: 1.6-9.6).

Estimating the population impact of four pathogens on abortion rates in beef cattle using a matched 
case-control design
Sanhueza, J.M., Heuer, C. and West, D.M., Institute of Veterinary, Animal and Biomedical Sciences, Massey 
University, EpiCentre, New Zealand

Reproductive loss from conception to weaning in pastoral beef breeding herds in New Zealand was estimated 
to be 10%. This study attempted to quantify foetal loss attributable to four highly endemic pathogens, 
Neospora caninum (Nc), bovine viral diarrhoea virus (BVD), Leptospira borgpetersenii serovar Hardjo 
(Lh) and Leptospira interrogans serovar Pomona (Lp). In a matched case-control study, heifers/cows that 
aborted (cases) or calved normally (controls) were sampled from the same herd. Serum antibodies to Nc 
and BVD were detected by ELISA, and to Lh and Lp by the microscopic agglutination test. Multivariable, 
conditional logistic regression was used to generate adjusted odds ratios (aOR) for pregnancy loss at various 
titre cutoffs. The fraction of cases in the population (PAF) attributable to an increased titre was estimated 
using the proportions of exposed cases and the aOR. Between 2 and 12 aborting cows (cases) were identified 
and sampled in each of 45 herds. At least 1 and up to 20 controls per case were sampled in each herd. 
Based on 379 cases and 435 controls, significant aORs were found for Nc (aOR=3.6), Lh (aOR=1.9), Lp 
(aOR=11.1), and marginally significant for BVD (aOR=2.0). The PAF (95% confidence interval) for Nc was 
3.0% (0.8-5.4%), for Lh was 4.9% (0.6-9.0%), for Lp was 4.2% (1.5-6.8%) and for BVD was 3.4% (0.1-
6.6%). A possible bias by misclassification of a case will be discussed. If present, such a bias was regarded 
as being independent of the classification of exposure, thus potentially causing an underestimate of the true 
effect. We conclude that at least 14% abortions in the population could be prevented by controlling for Nc 
, BVD, Lh and Lh in beef cattle herds.
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Applying the SERVAL framework to evaluate animal health surveillance: examples using case studies 
of endemic and exotic diseases in ruminants and pigs
Drewe, J.A.1, Cook, A.J.2, Floyd, T.2, Gunn, G.3, Hoinville, L.J.2, Rushton, J.1 and Stärk, K.D.C.1, 1Royal 
Veterinary College, University of London, United Kingdom, 2Animal Health and Veterinary Laboratories 
Agency, Weybridge, United Kingdom, 3Scottish Agricultural College, Inverness, United Kingdom; 
jdrewe@rvc.ac.uk

This presentation will use a range of case studies of endemic and exotic diseases to demonstrate the use of 
the newly-developed SERVAL (SuRveillance EVALuation) framework. SERVAL is a generic framework 
for the evaluation of animal health surveillance which has been designed to assist evaluation of any animal 
health surveillance programme. The inclusion of socio-economic criteria ensures that economic evaluation 
is an integral part of this framework. Evaluation of animal health surveillance systems in Great Britain 
covering a variety of objectives will be demonstrated in this presentation, including: (1) surveillance to 
demonstrate freedom from infection (a serological survey for Brucella melitensis in sheep and goats; (2) 
surveillance for endemic disease (tuberculosis in cattle); and (3) surveillance for early detection of an exotic 
disease (classical swine fever in pigs). These examples will show the flexibility of the SERVAL framework, 
whose standardised methods allow for comparisons across surveillance systems.The SERVAL framework 
is freely available on the internet and we encourage you to give it a try. We would welcomefeedback from 
those using it. This project is funded by Defra.

Impacts of intra-mammary infection misclassification in udder health research
Dufour, S.1, Dohoo, I.R.1 and Scholl, D.T.2, 1Atlantic Veterinary College, Canada, 2South Dakota State 
University, USA; simon.dufour@umontreal.ca

In most udder health research, intra-mammary infections (IMI) are diagnosed using milk bacteriological 
culture, a diagnostic procedure with imperfect sensitivity (Se) and specificity (Sp). More often than not, 
no formal attempt to quantify the magnitude of the resulting bias is made and inappropriate heuristics are 
instead used to perform an intuitive bias appraisal. The objective of this study was to evaluate the impacts 
of coagulase-negative staphylococci (CNS) IMI misclassification on measures of disease frequency and 
of association with exposures. A cohort of 4,000 cows from 90 herds was followed in 2007-2008. Series 
of quarter-milk samples were collected and analysed using bacteriological culture to identify prevalent, 
incident, and eliminated CNS IMI. Prevalence, and incidence and elimination rates were computed as 
well as measures of associations with specific exposures using traditional epidemiologic methods. The 
same epidemiological measurements were then computed using a Bayesian latent class model relating 
the observed bacteriological culture measurements to the true, but unmeasured, quarter IMI status. Prior 
distributions for bacteriological culture Se and Sp were used to establish this relationship. Ignoring CNS 
IMI misclassification resulted in a substantial and often counterintuitive bias of most measures of disease 
frequency. Important biases were also seen on measures of association with risk factors. In the incidence 
and prevalence models, traditional regression coefficients corresponded, in general, to roughly 50% of 
the misclassification adjusted coefficients. Most importantly, pretending that the outcome was measured 
perfectly would have lead to gross underestimation of the 95% confidence intervals, to both type I and II 
errors, and would have ultimately leaded to different recommendations to the dairy producers. In udder 
health research, quantitative bias appraisal could certainly help safeguard against this bias and could improve 
comparability between studies.
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Molecular prevalence of Anaplasma marginale (Rickettsiales: Anaplasmataceae) in cattle under 
smallholder production system in South Africa
Marufu, M.C.1, Chimonyo, M.1 and Dzama, K.2, 1University of KwaZulu-Natal, Animal and Poultry 
Sciences, South Africa, 2University of Stellenbosch, Animal Sciences, South Africa; chrismunya@yahoo.com

Little is known about the prevalence of anaplasmosis in cattle reared by smallholder farmers despite it 
being one of the leading causes of cattle mortality in the smallholder farming areas of South Africa. The 
current study’s objective was to determine the molecular prevalence of Anaplasma marginale in cattle 
under the smallholder production system in South Africa. Molecular prevalence of A. marginale, body 
condition score (BCS), packed cell volume (PCV) and tick infestation levels were determined in Nguni 
and local crossbred cattle reared by small-scale and communal producers in the Eastern Cape Province, 
South Africa. Of the 149 cattle sampled, 59.1% were infected with A. marginale, 47.7% of them being of 
the Nguni genotype while 52.3% were local crossbreeds. Cattle in the small-scale production system had 
higher (P<0.05) tick infestation levels (χ2=14.2) and molecular prevalence of A. marginale (χ2=46.8) than 
those in the communal production system. The odds of infection by A. marginale were higher (P<0.05) for 
cattle in the small-scale production system, young animals (below 2 years old) and cattle with a high BCS 
than for cattle in the communal production system, older animals and cattle with a lower BCS, respectively. 
It was concluded that bovine anaplasmosis had a moderate prevalence in the smallholder farming areas 
due to moderate tick infestation levels and force of infection with A. marginale. Reducing the frequency 
of dipping and vaccinating young cattle to establish endemic stability to A. marginale in the smallholder 
cattle herds was recommended.

Why should disease surveillance protocols reflect the acute epidemic situation?
Thulke, H.H.1 and Staubach, C.2, 1Helmholtz Centre f. Environmental Research – UFZ, Department of 
Ecological Modelling, PG EcoEpi, Germany, 2FLI – Friedrich-Loeffler-Institut, Institute of Epidemiology, 
Germany; hans.thulke@ufz.de

Monitoring and surveillance systems (MOSS) often address implicitly the situation of an outbreak. 
Particularly, for wildlife diseases that cause severe morbidity and mortality, a more effective scheme 
of disease surveillance was constructed previously to adopt the changing epidemic situation within the 
host population (disease absence, outbreak, and expected eradication). The logic of the proposed system 
will be introduced. With this paper, however, we resolve three established misconceptions that lead to an 
apparent conflict with the situation-based concept: (1) ‘systematic hunting is more efficacious for disease 
surveillance in situation of disease presence’; (2) ‘active sampling could be equally well designed in 
space-and time than passive ones in order to catch a disease incursion’; (3) ‘the testing logic is equal for 
searching disease by active (e.g. hunt) vs. passive (e.g. suspicion) sampling.’ We exploit historic surveillance 
databases (rabies, CSF & FMD, AI) to support the argumentation by example data. The historic records 
were stratified for different epidemic situations in the geographic region at time of origin. The respective 
evidence from different cases will be presented statistically or spatio-temporally explicit. The historic data 
confirmed excitingly clear: (1) the performance of passive approaches in alerting disease incursion in the 
situation of disease absence; (2) the low performance of systematic sampling in hunted animals during 
disease presence; and (3) the irrelevance of sampling size specification to falsify disease presence without 
an epidemic. Therefore, during long-term application of surveillance, efforts can reasonably be limited to 
the actual needs for disease management. Particularly, we conclude that with the legal status of freedom 
from the considered diseases surveillance efforts should be adapted to the demonstrated needs.
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Variation factors of overall health score using Welfare Quality® assessment protocol in French dairy 
cattle farms
Coignard, M.1, Guatteo, R.1, Veissier, I.2, De Boyer Des Roches, A.2, Mounier, L.2 and Bareille, N.1, 
1ONIRIS-INRA, UMR 1300 BIOEPAR, Nantes, France, 2INRA, UMR 1213, Saint Genès Champanelle, 
France; maud.coignard@oniris-nantes.fr

There is a growing concern about the welfare of dairy cattle, especially regarding health which is the welfare 
criterion the most degraded according to recent EFSA reports. Among existing tools to assess animal welfare, 
the Welfare Quality® assessment protocol aims at assessing each of the 5 ‘freedoms’ of welfare based on 
the calculation of 4 main principles scores (ranking from 0 to 100) including a special focus on health. If 
specific risk factors are well documented to reduce some specific diseases (eg mastitis, lameness), there is 
a lack of knowledge on how to broadly improve the overall health status and not only one health disorder. 
The objective of the study was to highlight the factors of variation of the overall health score obtained using 
the Welfare Quality® assessment protocol in a stratified random sample of 131 French dairy farms. We 
investigated several causal factors reflecting either: (1) the diversity of dairy systems in France: location 
area, milking system, type of housing in loose-housing barns, herd size, breed; or (2) putative herd risk 
factors: mean parity, percentage of primiparous cows, mean stage of lactation and mean milk production. 
Univariate analyses were performed to select potential risk factors (P<0.2) before ANOVA with forward 
selection (P<0.05) using the SAS® software. In the final model, factors that contributed mostly to the 
variability of the health score were in decreasing order: mean stage of lactation (better health score for 
mean stage of lactation ≤4.8 months vs. >6.2 months (32.9 vs. 26.5)), type of housing (better health score 
for deep-bedded vs. cubicles (32.1 vs. 27.2)) and milking system (better health score for milking parlor vs. 
automatic milking system (31.8 vs. 27.6)). This study offers a starting point to rank factors associated with 
poor welfare in dairy herds in order to improve the health status of dairy cows.

Prevalence of anthelmintic resistance in cattle nematodes: a systematic review-meta-analysis approach
Mederos, A.E.1, Carracelas, B.1, Minho, A.2, Fernández, S.3 and Sánchez, J.4, 1Instituto Nacional de 
Investigación Agropecuaria, Programa de Carne y Lana, Uruguay, 2Empresa Brasileira de Pesquisa 
Agropecúaria, Pecuaria Sul, Bagé, RS, Brazil, 3BioNem Research Centre, Canada, 4University of Prince 
Edward Island, Center of Veterinary Epidemiological Research, Canada; amederos@inia.org.uy

A systematic review (SR) is a research synthesis method that follows a structured methodology minimizing 
biases and random errors. One of the goals of a meta-analysis (MA) is to summarize the results from similar 
studies (and addressing the same research question) with the aim to produce a more precise single estimate 
of an effect. The main goal of this study was to evaluate the prevalence of anthelmintic resistance (AR) 
in cattle nematodes. A systematic review protocol was designed a priori, validated and tested. A search 
algorithm was applied to four electronic databases and one level of relevance screening was conducted by 
two reviewers. Quality assessment and data extraction were performed in one single step. Random effect 
MA was performed with the anthelmintic resistance (AR) prevalence for each drug evaluated. Twenty three 
studies (5 cross-sectional, 9 prevalence surveys and 9 field trials) from 15 countries were included in this 
review. The overall percentage of farms with AR in at least one drug was 82.1% (95% CI=70.5 to 93.7), 
and the between study heterogeneity was high (I2=94.8%). The sub-group analysis showed the following 
prevalence by drug class: ivermectin 77.0%; moxidectin 74.2%; benzimidazole 44.3% and levamisole 
35.0%. The main nematode genera involved in the AR were Cooperia (30.9%), Ostertagia (10.3%), 
Haemonchus (8.4%), Trichostrongylus (2.4%) and Oesophagostomum (1.4%). The results presented in this 
SR-MA suggested that AR in cattle nematodes is occurring where ivermectin and moxidectin seems to be 
the drugs with higher prevalence of AR. Additional results will be presented and discussed at the conference.
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Risk factors for culling and death in New Zealand dairy cows, 2000-2011
Hidano, A.1, Stevenson, M.A.1, Bosson, M.2 and Lopdell, T.3, 1EpiCentre, IVABS, Massey University, Private 
Bag 11-222, Palmerston North, New Zealand, 2Animal Health Board, P.O. Box 10522, Te Rapa, Hamilton 
3241, New Zealand, 3Livestock Improvement Corporation, Private Bag 3016, Hamilton 3240, New Zealand; 
aratahidano@gmail.com

Significant changes have occurred in the New Zealand dairy industry over the past 10 years. There has 
been a steady increase in the payout price for milk and conversion of sheep and beef enterprises into dairy 
enterprises has been a growing trend, particularly in the South Island. The objective of this study was to 
identify risk factors for culling and death in New Zealand dairy cows, with an emphasis on identifying 
differences in the longevity of cattle born in herds located in the North and South Islands. Data were provided 
by the national milk recording authority, Livestock Improvement Corporation. The period of interest was 
from 1 July 2000 to 30 June 2011. To be eligible animals had to be born between the start and end date of 
the study and recorded as having been culled or died before 30 June 2011 or being still present in the herd 
on 30 June 2011. A total of 6,186,121 individual cow records were available for analysis. A multivariable 
Gompertz model with a shared herd-level frailty term was developed to quantify the effect of the following 
risk factors on culling and death: breed, the average number of cattle born in each herd per year (a proxy 
for herd size), and island in which the natal herd was located. Our results show a marked difference in the 
longevity of South Island cattle compared with those born in the North. The monthly hazard of culling 
and death for South Island cattle was 1.51 (95% CI 1.46 to 1.61) times that of North Island cattle. In this 
presentation possible reasons for these findings will be discussed and recommendations for further research 
into this area of dairy farm productivity will be provided.

Pattern recognition of feeding and drinking behavior as a tool in early identification of diseased 
feedlot animals
Wolfger, B.1, Barkema, H.W.1, Plastow, G.2, Silasi, R.3, Schwartzkopf-Genswein, K.S.3, Pajor, E.A.1, Levy, 
M.1, Huisma, C.4, Sunstrum, A.4 and Orsel, K.1, 1Faculty of Veterinary Medicine, University of Calgary, 
Dept. of Production Animal Health, Canada, 2Livestock Gentec, University of Alberta, Edmonton, Canada, 
3Agriculture and Agri-Food Canada, Lethbridge, Canada, 4GrowSafe, Airdrie, Canada; 
bwolfger@ucalgary.ca

The health status of feedlot animals impacts calf welfare and the economic returns to the producer. GrowSafe 
(GrowSafe Systems Ltd., Airdrie, AB, Canada), a system that records feeding and drinking behavior 
continuously, has been shown to detect animal morbidity between 5 and 7 days earlier than visual appraisal 
by feedlot staff. However, it has only been validated using traditional observational methods for evaluating 
health status. The study objectives were (1) to validate GrowSafe® technology using laboratory parameters 
as additional indicators for disease status; and (2) to develop and validate an algorithm to identify sick 
animals in early stages of disease. A total of 746 auction-derived mixed breed calves from 2 southern 
Alberta commercial feedlots, equipped with the GrowSafe® system, were included in the study. Upon 
arrival, animals were processed according to a standardized protocol, ear tagged with a radio frequency tag 
for individual identification, bled and randomly assigned into 2 pens on each farm. Feeding and drinking 
behavior was recorded for 5 weeks. Animals identified as diseased by feedlot staff were examined and 
bled, and treated if necessary. Disease status was confirmed by complete blood count, total plasma protein, 
plasma fibrinogen, haptoglobin and serum amyloid α. A prediction model for morbidity using the laboratory 
parameters as additional assessments for disease status was developed and validated using a random sample 
of feedlot animals. Results and detailed methods will be presented. We anticipate that by creating a well-
defined algorithm, diseased animals can be identified significantly earlier using behavior data compared 
to observational methods.
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Using network analysis to design an animal disease network surveillance: the case of developing 
countries
Nzietchueng, S., Pelican, K. and Deen, J., University of Minnessota, Department of Veterinary Population 
Medicine, College of Veterinary Medicine, USA; snzietch@umn.edu

For many developing countries confronting emerging and re-emerging infectious diseases such as Highly 
Pathogenic Avian Influenza H5N1 (HPAI H5N1), the disease surveillance networks and response systems are 
not capable to adequately deal with these new infectious agents. In these locations, surveillance of diseases 
in animals is not based on the local epidemiological and economic contexts; and the constraint in resources 
does not allow the network to play an efficient role. In Ethiopia, to understand and to improve the reporting 
of animal health surveillance data such as the highly pathogenic avian influenza H5N1, a network analysis 
was conducted to identify all stakeholders, determine their influence on the flow of surveillance information, 
and to describe all the alternative pathways for reporting. 41 stakeholders are involved in reporting data 
at the national and international levels, there are 7 key nodes with varying degrees of centrality serving as 
potential sources of primary health information. In recognition of several weaknesses in the formal pathway, 
an alternative system, consisting of a channel of information reported from the following groups: a peasant 
association, public health extension, woreda health office, regional health office, Ministry of Health, and 
federal veterinary services would likely improve good the reporting pathway of HPAI H5N1. Network 
analysis of animal health information pathways helps us to identify the existence of different animal health 
information pathways among stakeholders, and analyze the characteristics of each pathway. The analysis 
of the role of each node in the various pathways of the network allows us to further identify potential 
bottlenecks, and propose a network which fits with the social and economic context, and is appropriate for 
efficient health information reporting.

Assessing the coverage and representativeness of early-warning disease surveillance in pigs in England
Ely, E.R.1, Nicholson, R.E.2, Snow, L.C.1, Strugnell, B.W.3, Williamson, S.M.3, Milnes, A.S.3, Watson, E.N.1 
and Hoinville, L.J.1, 1Animal Health and Veterinary Laboratories Agency (AHVLA), Epidemiology and Risk, 
United Kingdom, 2AHVLA, Data Systems, United Kingdom, 3AHVLA, Regional Centres, United Kingdom; 
eamon.watson@ahvla.gsi.gov.uk

Early-warning surveillance systems are used to identify changes in the health of animal populations, 
which may indicate new or exotic disease emergence. To optimise the probability of timely detection of 
such diseases, early-warning surveillance should include a sufficiently large and representative sample of 
a population. Methods for assessing the coverage and representativeness of early-warning surveillance 
systems were evaluated using the ‘FarmFile’ system and pigs as examples. Four English counties with 
diverse pig population characteristics were selected (Cumbria, Devon, East Riding of Yorkshire [ERY] and 
Norfolk). A survey of veterinary practices was used to supplement existing data on the number of practices 
treating pigs and the number of pig holdings and pigs in each county. The proportion of practices, holdings 
and pigs ‘covered’ by FarmFile in 2009 was estimated using submission data. Coverage estimates varied 
between counties and the coverage assessment method used. Between 5 and 17% of holdings submitted 
samples to FarmFile in 2009 and between 18 and 94% of holdings were registered with a veterinary practice 
that submitted samples. Coverage was lower in the low pig density counties (Cumbria and Devon), where 
holdings tended to be smaller and less likely registered with pig specialist practices than those in the high 
pig density counties (Norfolk and ERY). Coverage of small holdings and ‘breeding only’ holdings was lower 
than that of larger and ‘growing’ or ‘mixed’ holdings. Higher coverage of larger holdings meant that pig-level 
coverage was higher than holding-level coverage and varied less between counties. The assumptions made 
by different coverage estimation methods and the choice of the most appropriate method will be discussed.
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New tools for planning surveillance to demonstrate freedom from disease: how much for how long?
Cameron, A.R., AusVet Animal Health Services, France; angus@ausvet.com.au

The quality of surveillance to demonstrate freedom from disease can be measured in terms of surveillance 
sensitivity. Sensitivity can be accumulated over time, taking into account the risk if introduction of disease, 
to calculate the cumulative probability of freedom from disease. Using this approach, it is possible to achieve 
a high probability with surveillance that has low sensitivity, as long as the surveillance is continued over a 
long enough period and the risk of introduction of disease is low. This paper introduces three new tools to 
plan surveillance to demonstrate freedom from disease. Normally such calculations are implemented using 
an iterative model. These tools use simple formulae to immediately estimate results that would otherwise 
only be available after a series of iterations. The first tool determines the asymptotic limit of the probability 
of freedom that can be achieved, based on the surveillance sensitivity and that risk of introduction of disease, 
assuming that surveillance continues over time. The second tool determines how long it will take to achieve 
a specified probability of freedom. Based on the surveillance sensitivity, the starting prior probability of 
freedom, the risk of introduction of disease and target probability of freedom, the tool uses an approximation 
to the cumulative distribution to estimate the number of time periods required to meet the target. The third 
tool is used to modify surveillance once the target probability has been achieved. Rather than maintaining 
high levels of surveillance sensitivity, it may be possible to reduce the level of surveillance in order to just 
balance the risk of introduction of disease, thereby maintaining the required target probability of freedom at 
minimum cost. These tools can be easily implemented in a spreadsheet and are also available on the EpiTools 
web site. Together they provide surveillance planners with greater insights into surveillance requirements, 
allowing specific activities to be designed at minimum cost to meet defined targets.

A national strategy for prioritisation, maintenance and development of animal health surveillance
Lindberg, A., Carlsson, U. and Elvander, M., National Veterinary Institute, Department of Disease Control 
and Epidemiology, Sweden; ann.lindberg@sva.se

Investments in animal health surveillance (AHS) are under constant scrutiny, both from an economic 
and from a preparedness point-of-view. Reflecting this, new EU legislation is underway that may lead to 
demands on member states to present their long-term strategies for AHS. In Sweden, the responsibility 
for AHS activities involves many actors and is to a large extent based on industry-driven activities, paid 
for both by the state and by the stakeholders. Therefore, in defining long-term goals – and consequently 
identifying where resources have to be allocated – all parties need to have a joint vision of what is to be 
achieved. A 3-year project has now been launched to develop a national plan for surveillance of animal 
populations, which identifies short- and long term objectives and responsibilities with regard to AHS. Three 
main areas are covered: (1) surveillance prioritization, covering endemic, exotic and emerging infections 
including antimicrobial resistance, and covering all relevant species including wildlife; (2) maintenance and 
development of surveillance components, covering all types of processes that generate disease information; 
from clinical surveillance and meat inspection to hunter networks and analysis of unstructured data; and 
(3) maintenance and development of the infrastructure needed for efficient implementation of AHS, from 
design to analysis and communication of output. This includes development and use of risk-based methods, 
securing access to relevant data, development of models for evaluation of surveillance as well as tools for 
efficient use of information generated by AHS activities, by continuous processing, analysis and presentation 
of data and a strategic use of relevant communication channels. The National Surveillance Plan will guide 
the creation of a robust platform for the future and ensure that the national AHS is fit for purpose. This 
presentation will build on experiences obtained during the first year of the project.
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Scenario-tree analysis for the evaluation of case-detection surveillance
Cameron, A.R., AusVet Animal Health Services, France; angus@ausvet.com.au

One of the possible purposes of animal disease surveillance (along with early detection, demonstration of 
freedom from disease and measuring the level of disease) is case detection. This type of surveillance aims 
to identify cases in order to respond to them. In public health, breast or colon cancer screening programs 
provide examples. In animal health, examples include testing to identify infected herds in a tuberculosis 
control program, or testing of meat in abattoirs for bovine spongiform encephalopathy or trichinellosis. In 
all cases, the prime purpose is not to measure the incidence or prevalence of a disease known to be present, 
but to identify affected individuals or herds so that appropriate action may be taken. This paper illustrates 
how scenario-trees, originally developed for the analysis of surveillance to demonstrate freedom from 
disease, may be used to plan and analyse case-detection surveillance. In case-detection surveillance, the 
measure of quality is the detection fraction – the proportion of infected animals or herds in the population 
that are detected. Risk-based sampling may be used to target high risk populations, and scenario-trees 
provide a tool for estimating the benefit of these risk-based approaches. Case detection can be enhanced 
by the use of multiple, potentially overlapping, surveillance system components (such as on-farm testing 
and abattoir meat inspection). The analytical methodology captures the impact of overlapping systems, but 
parameterisation becomes difficult if more than two or three surveillance components are involved. The 
use of scenario-trees for the analysis of case-detection surveillance provides new quantitative tools to assist 
surveillance planners in optimising surveillance strategies in this under-recognised field.

Policy linked research in veterinary epidemiology: combining advancing surveillance with emergency 
outbreak control
Gunn, G.J., Scottish Agricultural College (SAC), Epidemiology Research Unit, United Kingdom; 
george.gunn@sac.ac.uk

A consortium comprised of Scottish Universities and Research Institutes successfully tendered to establish 
a Scottish Centre of Excellence in Veterinary Epidemiology from 2006-2011. The remit was to develop 
a programme of policy linked research to help enhance veterinary surveillance and concurrently provide 
reactive decision support in the face of any infectious disease incursions/emergencies detected. The team 
focused upon Epidemiology, Population health and Infectious disease Control became known as EPIC. 
This paper will contrast these two roles. It will describe how such a consortium, comprised of previously 
competing research teams, formed into a successful coalition to progress academic research in parallel to 
outbreak control and emerged as a ‘new’ and expanded EPIC Centre of Expertise on Disease Outbreak 
Control 2011-2016. Examples of research output by the Research Fellows will be presented: exploring 
aspects of surveillance test interpretation; surveillance economics; denominator analyses; molecular 
epidemiology; environmental drivers for disease change and advanced methods of statistical inference in 
animal epidemiology. These outputs will be contrasted with that by the team in emergency response mode 
using the following examples: advice on Scottish surveillance focus for UK FMD outbreak (2007); advice 
on Scottish control response to bluetongue 8 (2008); advice on revisions to Scottish legislation on lairages 
(FMD, 2009) and guidance on bee foulbrood survey (2009). The author will discuss what has been learned 
and present on behalf the rest of the extensive team that included staff from the Universities of Edinburgh 
and Glasgow, the Scottish Agricultural College, Moredun Research Institute, James Hutton Institute and 
Biomathematics and Statistics Scotland. This project was sponsored by Scottish Government.
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Impact of wild waterfowl incursions and holding characteristics: a step towards avian influenza virus 
risk based surveillance in Belgian
Welby, S.1, Marché, S.2, Poncin, O.3, Claes, G.2, Vangeluwe, D.3, Lambrecht, B.2, Van Den Berg, T.2 and 
Van Der Stede, Y.1, 1CODA CERVA, Co-ordination of Veterinary Diagnostics-Epidemiology and Risk 
Assessment, Belgium, 2CODA-CERVA, Laboratory of Avian Influenza and Avian Immunology, Belgium, 
3Royal Belgian Institute of Natural Sciences, Belgium; sarah.welby@coda-cerva.be

International standards as well as EU legislation encourage countries to implement risk based surveillance 
programs to detect notifiable low pathogenic avian influenza (NLPAI) before it could mutate into highly 
PAI. The aim of this study was to evaluate the efficiency of Belgium NLPAI surveillance system based on 
the scenario tree methodology, using a methodological approach to estimate risk factors. Data on (1) the 
impact of different NLPAI strains on the spread of the virus in chickens and ducks; (2) continuous video 
recording of wild waterfowl incursions into experimental poultry pens; (3) biosecurity characteristics of 
professional poultry holdings were all investigated to determine what were the main risk factors affecting 
the epidemiology of AI, by the means of generalized linear mixed model (SAS 9.2). Results were used to 
feed the scenario tree model simulation model (ModelRisk). The sensitivity of detection at herd and risk 
group level was evaluated following stochastic simulation process. The optimal sample size in the different 
risk groups identified was then estimated, taking into account the results obtained from the simulations. 
Targeting surveillance in poultry holdings with outdoor access and with several species present provided 
higher sensitivity of detection. Temperature and feeding outdoor were significant risk factors for incursions 
of wild waterfowl into domestic poultry pens. The empirical approach of this study, which avoided bias due 
to assumptions, highlighted interesting features to consider when setting up a risk based NLPAI surveillance 
program in Belgium, as required by international standards and EU legislation.

Using capture-recapture approaches for assessing livestock disease surveillance at supra-individual 
level: methods and limitations
Vergne, T.1, Grosbois, V.1, Durand, B.2, Roger, F.1 and Dufour, B.3, 1CIRAD, AGIRs Unit, France, 2ANSES, 
EPI Unit, France, 3ENVA, EPIMAI Unit, France; timothee.vergne@cirad.fr

Capture-recapture (CR) approaches have been extensively used for analyzing data produced by imperfect 
human epidemiological surveillance systems. Their objective is to assess the number of infected individuals 
that remain undetected. Two broad types of CR approaches have been used: multilist and unilist CR 
approaches. Multilist CR approach can in theory be applied in contexts where at least two distinct, imperfect 
and independent surveillance protocols detect infected epidemiological units in the study population. 
Through log-linear modeling, this approach allows estimating the number of infected units detected by none 
of the protocols. Unilist CR approach is based on repeated detections and tries to model the frequencies 
of detection in order to estimate the number of infected units with zero detection. Zero-truncated or 
zero-inflated count models are generally used in this approach. CR methods should be very useful for 
studying livestock diseases surveillance data since surveillance systems generating them are often of limited 
efficiency, producing a large number of undetected units. While studying livestock diseases, the relevant 
epidemiological unit is usually a supra-individual unit such as an infected holding or even an infected 
administrative area. Such point of view may require methodological adaptations of CR approaches and of 
their underlying assumptions. Referring to animal disease applications from the literature, we propose a 
critical review of the possibilities arising from the different methodologies available given the specificities of 
animal disease surveillance data at supra-individual level. As a conclusion, we propose some thoughts on the 
interest and limitations of these methods for quantitatively evaluating animal disease surveillance systems.
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Why implementing co-ordinated systematic H5N1 post-vaccination systems is so hard and what 
needs to be done
Durr, P.1, Indriana, R.2, Hardiman, H.2 and Ignjatovic, J.3, 1Australian Animal Health Laboratory, Australia, 
2Balai Besar Penelitian Veteriner, Indonesia, 3University of Melbourne, Australia; peter.durr@csiro.au

Vaccination against HPAI H5N1 has been practised in Indonesia since 2004, particularly in the commercial 
layer sector. Whilst this vaccination – combined with improved biosecurity – has successfully prevented 
massive mortalities and production loss, ongoing evolution of the virus requires the development of 
surveillance systems to ensure that vaccination continues to be effective. Nevertheless, to date this has been 
difficult to implement due to the need to co-ordinate, for a given vaccine H5N1 seed antigen, the appropriate 
sampling regime together with the most effective test antigen in the haemagglutination inhibition (HI) test. In 
addition, post-vaccination test results can be difficult to interpret without knowledge of the infection status 
of the sampled birds. To progress a solution to this complex problem, we have worked with a small number 
of commercial layer producers in West Java, which is one of the areas of Indonesia worst affected by H5N1. 
Initially we undertook a cross-sectional survey to better understand vaccination and biosecurity practices, 
and this enabled us to develop an effective strategy of sero-sampling at the point-of-lay stage of pullets 
where vaccination is routinely practised. This has also assisted us to define quantifiable baseline serological 
responses, and to define clearly questions that require parallel studies regarding vaccine responses to test 
antigens. As importantly, we have defined a role for a DIVA (Differentiating Infected from Vaccinated 
Animals) ELISA based upon the M2e antigen to detect birds actively excreting virus. These concepts are 
now being implemented in follow studies in West and Central Java in an intensive longitudinal study of 
about 40 Sector Three poultry farms.

A ‘One Health’ approach to quantitatively compare human and animal surveillance systems for avian 
influenza H5N1 in Cambodia
Goutard, F.L.1,2,3, Ponsich, A.3, Ly, S.2, Allal, L.4, Holl, D.5, Dab, W.1, Roger, F.3 and Stärk, K.D.C.6, 
1Conservatoire National des Arts et Métiers, Hygiene and Safety, France, 2Institut Pasteur in Cambodia, 
Epidemiology Unit, Cambodia, 3Centre de coopération internationale en recherche agronomique pour 
le développement, ES, Ur AGIRs, France, 4Food and Agriculture Organization of the United Nations, 
Cambodia, 5National Veterinary Research Institute, Animal Health and Production, Cambodia, 6Royal 
Veterinary College, Veterinary Epidemiology and Public Health, United Kingdom; goutard@cirad.fr

Since 2003, nineteen human cases of highly pathogenic avian influenza (HPAI) have been reported in 
Cambodia, eight of them, all fatal, occurred in 2011 in people <19 years old. The source was mainly sporadic 
infection with direct exposition to sick poultry but this sudden increase of incidence was alarming for the 
national health authority of Cambodia. In order to assess the sensitivity of the national surveillance system 
of HPAI H5N1 in Cambodia, scenario tree modelling was used to describe and compare the components of 
the surveillance system in human and animal populations in order to make recommendations to enhance early 
detection of outbreaks. The human surveillance consists of two main components: one based on syndromic 
surveillance with weekly case reporting but with low capacity for laboratory confirmation and one, more 
research based, with a high sensitivity but low coverage. For the animal surveillance, several components 
were implemented but few were sustainable. The most established one is the passive surveillance based on 
the network of 12,000 Village Animal Health Workers. The sensitivity of this component was estimated 
to be 0.54 (95% CI 0.18-0.80) but with large variation between provinces. This study showed that some 
components in the animal surveillance system, like the market surveillance, need to be redefined in order 
to meet the objective of early warning and that there is a great effort needed to integrate human and animal 
surveillance together.
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Prediction of pregnancy toxaemia in Greek sheep
Lawrence, K.1 and Christodoulopoulos, G.2, 1IVABS, Massey University, New Zealand, 2School of Veterinary 
Medicine, University of Thessaly, Greece; k.lawrence@massey.ac.nz

The aim of this study was to develop a predictive model for sub-clinical pregnancy toxaemia in pregnant 
ewes. Worldwide, pregnancy toxaemia is the most common metabolic disease of pregnant sheep. This was 
a prospective cohort study; the study population was 113 housed and intensively fed, Chios and Chios-
crossbred ewes from one commercial flock in Thessaly, Greece. The study ran from August to October 
2009. The pregnant ewes were clinically examined each week from day 100 and blood sampled on four 
occasions, three times pre-lambing and once post-lambing. Blood samples were analysed for OCT, GDH, 
AST, ALP, GGT enzyme activity, BOH butyrate (BOHB), glucose and triglyceride concentrations. Other 
recorded variables were lambing date, ewe BCS, number of lambs born and age of ewe. For the purpose of 
this analysis those ewes with a BOHB blood result ≥1.0 mmol/l that were free of clinical signs were said 
to have sub-clinical pregnancy toxaemia. Three separate multivariable logistic regression models were 
built to model whether data collected from one sampling could predict sub-clinical pregnancy toxaemia 
identified at the next sampling. All models were built using a combination of forwards and backwards 
stepwise elimination with variables retained in the model at P<0.05. Eight ewes developed clinical pregnancy 
toxaemia of which 4 died, 45 ewes developed sub-clinical pregnancy toxaemia and 60 were unaffected over 
the study period. The results from the 3 predictive models showed that for sample 1 high glucose levels 
and carrying three or more lambs predicted sub-clinical disease at sample 2, for sample 2 low glucose and 
being already sub-clinical predicted disease at sample 3 and for sample 3 being sub-clinical and having 
raised triglyceride levels predicted sub-clinical pregnancy toxaemia at sample 4 (post-lambing). Monitoring 
glucose levels in ewes with regard to stage of pregnancy and number of lambs could help identify those 
ewes at risk of developing pregnancy toxaemia.

Effect of lambing season on gastrointestinal nematodes periparturient egg rise
Falzon, L.C.1, Shakya, K.2, Menzies, P.I.1, Jones Bitton, A.1, Vanleeuwen, J.3, Jansen, J.T.4, Avula, J.2 and 
Peregrine, A.S.2, 1University of Guelph, Dept of Population Medicine, Canada, 2University of Guelph, Dept 
of Pathobiology, Canada, 3University of Prince Edward Island, Dept of Population Medicine, Canada, 
4OMAFRA, Veterinary Science and Policy, Canada; lfalzon@uoguelph.ca

The epidemiology of the periparturient egg rise (PPER) of gastrointestinal nematodes (GIN) in sheep 
remains unclear. Earlier studies have suggested that the PPER may be influenced by the lambing season. 
This longitudinal study was performed to determine the effect of lambing season on the PPER in sheep 
in Ontario. Six farms that practiced year-round lambing were enrolled, and each farm was sampled for 
three consecutive lambing seasons. For each lambing season, all farms were visited five times, following 
a specific schedule that was determined by the predicted date when 50% of the ewes scheduled to lamb 
during that season would have lambed. On the first visit for each lambing season for each farm, 20 pregnant 
ewes and 20 non-pregnant/early gestation ewes were randomly selected. On each visit, fecal samples were 
collected from each selected animal and processed individually to measure GIN fecal egg counts (FEC). 
The ewes were classified into different production stages based on information collected during farm visits 
and lambing dates. Descriptive statistics were performed, followed by the creation of a mixed linear model 
of the logarithmic-transformed outcome FEC. Lambing season, production stage, packed cell volume 
(PCV), lambing season×production stage and PCV×production stage were significant (P≤0.05) in the final 
model. In both winter and spring lambing seasons, the PPER peaked between early to late lactation; during 
the autumn season, the PPER peaked at late gestation and then decreased. Ewes with normal or high PCV 
values had low and constant FEC, while ewes with low PCV values had higher FEC, which increased over 
time. The results indicated that the PPER occurred during all three lambing seasons, though its magnitude 
and distribution varied with the lambing season.
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An investigation into the cause of high abortion rates of goats in the Limpopo Province, South Africa
Ndou, R.V. and Dlamini, M.L., North West University, Centre of Animal Health studies, South Africa; 
rendani.ndou@nwu.ac.za

The study was carried out to investigate the cause of exceedingly high abortion rates and other reproductive 
failures of goats at Vhembe district, in the Limpopo Province, South Africa. Reproductive failures are of 
great economic importance to goat farmers and can result from various factors that include infectious agents, 
nutritional deficiencies and environmental factors. Additionally, goat abortion due to an infectious agent 
is a public health risk since most abortifacient agents are zoonotic. Toxoplasma gondii, Chlamydophilia 
abortus and trace mineral deficiencies were investigated as possible etiologies in this situation. A total 
of 338 blood samples were collected from 22 herds and enzyme-linked immunosorbent assay (ELISA) 
was used to determine the seroprevalence of T.gondii and C. abortus. Copper and Zinc serum levels were 
analyzed using the Atomic Absorption Spectrophotometer (AAS) machine and Selenium was analyzed 
using the ICPMS 300Q machine. During sample collections, interviews were also conducted using a 
questionnaire to gather farm management information and to assess food safety and zoonoses knowledge 
amongst farmers. Seroprevalence of T. gondii in herds ranged from was 0 to 38.5% (µ=9.2%). An overall 
prevalence of 30.4% to C. abortus antibodies was recorded with a 100% seroprevalence detected in one 
herd. Zinc and Selenium deficiencies of up to 12.5 and 5,000 times respectively, lower than the minimum 
expected levels were revealed in all areas, whilst copper levels exceeded the maximum expected by up to 
4.4 times. Interviews exposed a lack of awareness about T. gondii, C. abortus and other public health issues; 
furthermore they also highlighted the lack of supplementary feeding and basic herd health management 
practices amongst farmers. In this study T. gondii, C. abortus and trace mineral deficiency were indicated 
as significant contributors to the abortion in the study areas.

Serum epidemiology of caprine leptospirosis at Veracruz, Mexico
Peña, J.A.1, Martinez, D.I.1, Romero, D.1, Morales, J.F.2, Villagomez, J.A.1 and Flores, R.2, 1UV, FMVZ, 
Mexico, 2INIFAP, CENID Microbiologia, Mexico; dmartinez@uv.mx

With the aim to determine the seroprevalence of caprine leptospirosis and associated risk factors at production 
units (PU) from 14 municipalities of Veracruz state of Mexico a polietapic stratified transectional study was 
conducted. Sample size was calculated by Win Episcope Ver. 2.0, obtaining a serum sample fraction of six 
animals per PU. Females older than three months were randomly selected and all the stallions in the herd. 
The serological diagnosis was performed by microagglutination test (MAT) using 9 serovars of Leptospira 
interrogans and to determine risk factors, two questionnaires were applied (a single one for sampled 
animal and a general one for PU). Variables analyzed by Odds Ratio (OR). Overall seroprevalence from 
564 sampled animals was 23.53%; however herd seroprevalence was 82.72% and for municipality 100%. 
The higher seroprevalence for specific serovars was 5.6% for L. interrogans Icterohemorrhagiae and 3.6 
for L. interrogans Hardjo type hardjo-LT. The risk factors associated with leptospirosis were milking goats 
(OR=1.57; CI95% 1.1-2.4), 25 to 36 months older (OR=3; CI95% 1.9-4.9), cohabit with dogs (OR=4; CI95% 
1.5-11), presence of rodents (OR=300; CI95% 135-675). Also it was observed that seropositive females 
have 1.5 more times for abortion. On the other hand, absence of wet areas was a protector factor (OR=0.9; 
CI95% 0.88-0.9). In conclusion leptospirosis is a wide distribution disease at observed municipalities with 
several risk factors associated, representing a great public health risk
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Possible association between meat inspection lesions in finisher pigs and the yellow card anti-microbial 
scheme in Denmark
Alban, L., Dahl, J., Andreasen, M., Petersen, J.V. and Sandberg, M., Danish Agriculture & Food Council, 
Food Safety & Vet. Issues, Denmark; lia@lf.dk

There is concern about the use of antimicrobials in livestock. Recently, a yellow card scheme was initiated 
by the Danish Veterinary and Food Administration aiming at reducing the consumption of antimicrobials 
in pigs. The scheme has resulted in a reduction in consumption of antimicrobials and an increased use of 
vaccines. We studied the potential association between lesions found at meat inspection and the change 
in antimicrobial consumption and vaccine use Data originated from Vetstat. Moreover, data from meat 
inspection of finisher pigs from before and after introduction of the scheme were compared, including 1.7 
million finisher pigs. Ten lesions of chronic and bacterial origin were selected. Logistic regression models 
with year and week as explanatory variables were used to identify whether the prevalence changed from 2010 
to 2011. A repeated statement was used to identify animals originating from the same herd and to account 
for overdispersion. The decrease in antimicrobial consumption was pronounced for weaners and finisher 
pigs treated for gastro-intestinal or respiratory disease. For sows/piglets a decrease was found for treatment 
of respiratory disease. Use of vaccines increased in general. The most common lesion found was chronic 
pleuritis (~23%) while the other lesions occurred less-commonly (<1%). For osteomyelitis, pleuritis, chronic 
arthritis and condemnation, no differences were observed between the 2 years. Chronic enteritis, umbilical 
hernia and chronic peritonitis were statistically more frequent in 2011 compared to 2010 (P<0.01), whereas 
tail infection, chronic pneumonia and chronic pericarditis occurred less frequent (P<0.01). Hence, marked 
reduction in use of antimicrobials might have resulted in a higher prevalence of specific lesions found at 
meat inspection and higher vaccine coverage might have reduced the prevalence of chronic pneumonia.

The role of vet in knowledge transfer in sheep industry in the UK: a study of farmer opinions
Kaler, J.1 and Green, L.2, 1University of Nottingham, School of Veterinary Medicine and Science, United 
Kingdom, 2University of Warwick, School of Life Sciences, United Kingdom; 
jasmeet.kaler@nottingham.ac.uk

A key government report in the UK on veterinary expertise in food animal production published in 2009 
by the Environment, Food and Rural Affairs Committee, highlighted that there is a failure of delivery of 
knowledge transfer by vets in the livestock sector. According to a survey carried by independent rural 
consultants, around two thirds of sheep farmers only contact their vet for emergencies and only one fifth 
had all year round contact. To understand farmers’ perception of the role of the vet in improving the health 
and productivity of their flocks and knowledge transfer across the sheep industry a study was conducted 
using a qualitative methodology. This included 6 focus groups of sheep farmers stratified by region (North, 
South and Central England) and within each region two age groups (<50 and ≥50). An additional focus 
group was conducted in South east of England. The eligibility criteria for the study were male sheep farmers 
with a flock size of at least 200 sheep. Thematic analysis of the focus group discussions indicated that most 
farmers used their vet as a fire-fighter, whilst on the farm for other reasons and for telephone advice. There 
was also a small group of farmers who were using their vet or other sheep consultant more proactively with 
regular contact. Farmers indicated that the key barriers to using vets included lack of consistent service, 
high turnover of younger vets, and lack of expertise in all round knowledge of the sheep enterprise and 
concern about independent advice. Although economics was also mentioned as a key barrier to using the 
vets more proactively, most farmers did not know where they made and lost money from their flock; there 
was a heavy reliance on the single farm payment.
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Preliminary results on reduction of antimicrobial usage on pig farms after improvement interventions
Postma, M.1, Maes, D.1, Mijten, E.2, De Bie, S.3 and Dewulf, J.1, 1Ghent University, Faculty of Veterinary 
Medicine, Belgium, 2Boerenbond, Belgium, 3Flanders’ Agricultural Marketing Board, Belgium; 
merel.postma@ugent.be

From January 2011 onwards data on antimicrobial usage and herd management were collected retrospectively 
on pig herds in Belgium aiming to promote prudent antimicrobial usage and optimize herd management. 
Twenty herds were analyzed on farm management (diagnostics, production parameters, biosecurity (www.
biocheck.ugent.be)) and antimicrobial usage (www.abcheck.ugent.be). Six months later effect of given advise 
was evaluated. On these herds average total Treatment Incidence animal daily dose (TIADD) for sows was 
53.0 (0.2-279.5, 42% prophylactic). For piglets 237.1 (1.6-770.9, 68% prophylactic) and for finishers 118.9 
(0-648.9, 28% prophylactic). Antimicrobials used prophylactic in sucklers were macrolides (tulathromycin 
13%), aminopenicillins (amoxicillin 31%) and cephalosporins (ceftiofur 56%). Main antimicrobials for 
weaners were amoxicillin (31%) and colistin (34%) and for finishers doxycycline (67%). Most advises were 
given on ‘general’ biosecurity and management measures. Higher awareness on prudent antimicrobial usage 
was advised and reduced use of critically important antimicrobials. Momentarily available data of 7 herds 
(more by august 2012), collected 6 months after advise, show an average increase of 4.6% in biosecurity-
scores. Production parameters improved on 4 farms. One herd did not use prophylactic antimicrobials before 
and after the herd visits. Of the six that did use prophylactic antimicrobials four reduced their use after 
counseling. Average decrease in sows was 2.8 TI used daily dose (TIUDD) (-44.5-64.2 TI) and for piglets 
65.6 TIUDD (0-275.4). In these herds no prophylactic antimicrobials were used in finishers before and after 
the advises. These results indicate that in herds with average to high antimicrobial usage, clear and guided 
interventions in improving biosecurity and management practices may lead to reduction of antimicrobial 
usage without loss of productivity.

A quantitative value chain analysis of the Dutch broiler sector with regard to the use of antibiotics
Muljono, A.T.1, Velthuis, A.G.J.2, Rushton, J.3 and Hogeveen, H.1, 1Faculty of Veterinary Medicine, Farm 
Animal Health, Netherlands, 2Wageningen University, Business Economics, Netherlands, 3Royal Veterinary 
College, Veterinary Clinical Science, United Kingdom; henk.hogeveen@wur.nl

In Netherlands, antibiotics are intensively used in broiler production. This extensive use of antibiotics in this 
sector plays a role in the development of antibiotics resistance. Because of the concerns about development 
of antimicrobial resistance, in 2010, the Dutch Ministry of Economic Affairs and Innovation established a 
target of 50% reduction of antibiotics in animal production (so also in poultry production) in 2013 related to 
the use of antibiotics in 2009. The objective of this study was to quantify the use of antibiotics in the Dutch 
broiler value chain, so that all actors of broiler industry, and simulate the economic effects of a reduction 
of antibiotic use in the Dutch broiler value chain. Using this information, stakeholders can better develop 
strategies to reduce the use of antibiotics. The total use of antibiotics in broiler value chain in 2010 was 
estimated to be 29,873 kg of active substance, mostly used on broiler farms and to a lesser extend on PS 
Breeder farm. The total revenues of antibiotics were estimated to range between 1.4 to 10.9 million euro. 
Using an enterprise budget model, the expected total profit of all actors in the Dutch broiler value chain 
was estimated to be 47.3 million euro per year. A reduction in the use of antibiotics would significantly 
impact the production performance of chickens and therefore would reduce the profit of all actors in value 
chain. In the lower performance scenario, the total profit is expected to decrease with 15.8 million euro per 
year. In the higher performance scenario, the total profit is expected to decrease 6.8 million euro per year.
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Antimicrobial prescribing in UK equine veterinary practice
Pinchbeck, G., Scantlebury, C., Hughes, L., Callaby, R., Dawson, S., Clegg, P. and Williams, N., University 
of Liverpool, United Kingdom; ginap@liv.ac.uk

Antimicrobial use is a known driver for the emergence of resistant strains of bacteria; therefore prudent 
use in veterinary medicine is essential. This study aimed to characterise antimicrobial prescribing patterns 
in equine practice and evaluate factors associated with prescribing. Two methodologies were used. Firstly, 
postal questionnaires including four clinical scenarios were sent to 740 randomly selected veterinary 
surgeons that treat horses. Data were collected on the clinician and their practice. Secondly, indication-
based use of antimicrobials was evaluated through the completion of prescription logs over a 5-day period. 
The antimicrobial used, dose, presenting complaint and total number of animals under consultation was 
documented. Multilevel, multivariable logistic regression analyses were used to ascertain factors associated 
with; prescribing off-licence drugs; prescribing 3rd or 4th generation cephalosporins and prescribing 
fluoroquinolones. Less than 1% of practices had an antimicrobial use policy. Trimethoprim-sulphonamides 
were most commonly prescribed in all clinical scenarios. 11% of prescriptions represented antimicrobials 
not licensed for use in horses in the UK. Veterinary surgeons working at referral practices were more 
likely to prescribe 3rd and 4th generation cephalosporins, fluoroquinolones and antimicrobials not licensed 
in horses. From the prescription logs antimicrobials were prescribed to 17% of the total equine patients. 
Of these prescriptions 23% were not licensed for horses. Fluoroquinolones and 3rd and 4th generation 
cephalosporins accounted for 5% and 3.4% of prescriptions respectively. Male vets and those holding 
postgraduate qualification were more likely to prescribe antimicrobials not licensed for use in horses. In 
conclusion broad-spectrum drugs were the most commonly prescribed antimicrobials and few practices had 
antimicrobial use policies. Use of preparations not licensed was common. Targeted guidelines are needed 
to ensure prudent use of antimicrobials.

Risk management and the use of antibiotics on dairy farms
Boersema, J.S.C., Lievaart, J.J. and Noordhuizen, J.P.T.M., Charles Sturt University, School of Animal and 
Veterinary Sciences, Australia; jlievaart@csu.edu.au

In accordance with increasing quality risk control demands from food processing industries on primary 
producers, there is a need for how to apply risk management and the HACCP principles on dairy farms. 
Especially, when in The Netherlands the government has set formal threshold levels for the use of antibiotics 
in cattle. Therefore, the objective of this study was to determine if there is an association between farm(ers) 
characteristics and risk management, and, more specifically, the use of antibiotics. This study is part of a 
longitudinal study in The Netherlands which assesses farmer’s behavior and the effect of training in risk 
management, herd health and the use of antibiotics. In total 60 dairy farmers enrolled in a survey regarding 
farm(er’s) characteristics, animal health, attitude towards the choice and use of antibiotics, and source of 
information for a correct treatment if needed. The major findings were that large farms (>100 head) compared 
to small farms (<100 head) more frequently had a herd treatment advisory plan (51.9% vs 30.3%; P=0.08), 
that were free of IBR (70.4% vs. 46.9%; P=0.07), less frequently bought in replacement animals (14.8% 
vs 51.5%; P=0.006) and less frequently had one person responsible for applying the treatments (32.7% vs 
72.7%; P=0.014). Farmers, who decided to buy in replacement cattle, focused more on the withholding 
period when deciding which antibiotics to choose, but were more strict in having the proper diagnosis before 
treating animals (P=0.01). From these preliminary data, it can be concluded that there is a large variation 
between farmers regarding the attitude towards risk management and the choice of when and how to treat 
animals with antibiotics. In the near future, all the farmers participating in this initial survey will be involved 
in three different workshops regarding risk management, quality control systems and animal health, and be 
surveyed again to measure the effect of the training on their use of antibiotics.
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Prioritisation needs for scientific assessment of infectious diseases in animals in the European Union
Willgert, K.J.E.1, Afonso, A.2 and Guitian, J.1, 1Royal Veterinary College, United Kingdom, 2European Food 
Safety Authority (EFSA), Animal Health and Welfare Unit, Italy; kwillgert@rvc.ac.uk

The present regulatory framework for animal health in the European Union (EU) consists of almost 60 
directives and regulations, some which were adopted over 45 years ago. Following the New Animal Health 
Strategy for the European Union, the Directorate-General for Health and Consumers (DG SANCO) of the 
European Commission will adopt a Proposal for an Animal Health Law in 2012 with the aim to develop 
a single, general regulatory framework for animal health. This new regulatory framework will require the 
prioritisation of diseases on the basis of sound and transparent criteria. In recent years, different organisations 
have developed and proposed disease prioritisation systems for animal and human diseases considering 
a range of disease outcomes. In this study, prioritisation systems now being proposed and implemented 
by national and international agencies were explored. An exhaustive list of animal diseases established 
through the OIE tool for categorisation of animal diseases was reviewed systematically to identify needs 
for further scientific assessment. In addition, a prioritisation exercise was conducted using a modified 
Delphi approach where a condensed list of diseases was scored based on the impact on animal health and 
welfare, public health, economy, society and environment to highlight priority diseases of animals at an EU 
level for which further scientific assessment is required. Identification of prioritisation needs is essential 
for efficient allocation of limited resources in the development of research activities, surveillance and 
intervention strategies.

Prioritizing zoonotic diseases in Canada and the US
Ng, V. and Sargeant, J., Centre for Public Health and Zoonoses, Department of Population Medicine, 
Ontario Veterinary College, University of Guelph, Canada; vng03@uoguelph.ca

Zoonotic diseases account for considerable impact on veterinary public health. As resources are limited 
for the control and prevention of zoonotic diseases, it is necessary to prioritize diseases to direct resources 
into those with the greatest needs. We used conjoint analysis (CA), a well-established quantitative method, 
to identify the relative importance of 21 key characteristics of zoonotic diseases that can be used for their 
prioritization in Canada and the US. Relative importance weights from the CA were used to develop a 
point-scoring system to derive a recommended list of zoonoses for prioritization in Canada and the US. 
Six focus groups identified 21 characteristics for determining prioritization; this was used to construct the 
CA. Over 3,000 participants were recruited to complete the online survey (761 from the Canadian public; 
778 from the US public; 707 Canadian professionals and 764 US professionals). Aggregate logit and 
individual-level Hierarchical Bayes models were fitted to compare the differences between the public and 
professional groups. The scoring derived from the CA was applied to 63 zoonotic diseases of public health 
importance in Canada and the US to rank diseases in order of priority. Similarities were observed between 
the combined public groups and combined professional groups while differences were observed between 
the public and professional groups. The public groups considered characteristics relating to the individual-
level of disease burden such as case-fatality, human-to-human transmission and the duration of illness most 
important for prioritizing zoonotic diseases while the professional groups deemed characteristics relating 
to the societal- and population-level of disease burden such as socio-economic burden, disease trend and 
the efficacy of control measures to be the most important. The subsequent priority lists derived from the 
CA varied by groups and will help formulate a framework for the control and prevention of zoonoses in 
Canada and the US.
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Multi-criteria decision analysis to prioritise exotic disease investigation for the Australian pig industry
Brookes, V.J.1, Hernandez-Jover, M.2, Cowled, B.D.1, Holyoake, P.K.3 and Ward, M.P.1, 1University of 
Sydney, Faculty of Veterinary Science, Australia, 2Charles Sturt University, Australia, 3Department of 
Primary Industries Victoria, Australia; viki.brookes@bigpond.com

Australia’s domestic pig industry is free from over thirty diseases that affect pig production worldwide. 
Geographic isolation, trade restrictions and biosecurity help maintain this freedom. However, recent 
disease incursions (such as equine influenza) and the increasing range of vector borne diseases (such as 
Japanese encephalitis), highlight that protection cannot be complete and that there is a need for disease 
preparedness. To aid preparedness, the Australian pig industry has initiated research – using the OIE risk 
analysis framework and disease modeling techniques – to investigate the most important disease threats to 
their industry. Defining the ‘most important’ disease threats to investigate requires prioritisation of diseases 
based on the aspects of impact that are most valued by the stakeholders. Prioritisation was carried out using 
multi-criteria decision analysis methods. Stakeholders were invited to participate in an online questionnaire 
and rank scenarios comprising nine criteria that affect disease impact. Probabilistic inversion of the responses 
was used to model stakeholder preferences, and preliminary results indicate that attack rate for pigs, and 
humans in the case of zoonoses, are the most important criteria. The weights of importance were aggregated 
with criteria measures gained from literature (and reviewed by experts) for each disease, to give an overall 
disease score weighted to reflect the stakeholder preferences. The highest scoring diseases were presented 
as the ‘most important’ diseases to the stakeholders to aid their decision about which diseases to study in 
greater detail. The methodology and results of the prioritisation are presented, and the value of the multi-
criteria decision analysis method that was used in the context of this study is discussed.

A multidisciplinary and evidence-based methodology applied to prioritize diseases of food-producing 
animals and zoonoses
Humblet, M.F., Vandeputte, S., Albert, A., Gosset, C., Kirschvink, N., Haubruge, E., Fecher-Bourgeois, F., 
Pastoret, P.P. and Saegerman, C., Fontin (Esneux), Belgium; claude.saegerman@ulg.ac.be

This prioritization method is based on a multi-criteria decision making including multidisciplinary experts’ 
opinion and evidence-based data. Hundred diseases were included in the process and five categories of 
criteria (n=57) were considered. International experts (n=40) first performed an intra-category weighting of 
criteria, then 6 multidisciplinary experts performed an inter-category weighting. Information corresponding 
to each criterion/disease was collected through an evidence-based methodology. An overall weighted 
score was calculated for each disease using a probabilistic approach (Monte Carlo simulation) to estimate 
the uncertainty and the consecutive ranking was established. A classification and regression tree analysis 
(CART) allowed the classification of diseases with the aim to obtain subgroups with minimal within-
variance (grouping diseases with similar importance). A final ranking of diseases was presented according 
to their overall weighted scores and using a probabilistic approach. Few differences were observed between 
deterministic (mean of each weight) and probabilistic approaches (distribution function of weights) (Pearson 
correlation coefficient = 0.999; P<0.0001). This is probably linked to few subjective interpretation problems 
or to the dilution of individual discordances among the high number of experts. CART analysis allowed 
differentiating 4 groups of diseases in function of their relative importance. The present methodology is 
a generic and predictive tool applicable to different contexts. The standardization of criteria ensures the 
transparency and the reproducibility of the model. It could be easily applied for diseases affecting domestic 
or exotic pets or for enzootic conditions in order to better re-target surveillance and re-adapt prevention 
and control measures.
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Unexpected delay in transmission between spatially separated hosts
Van Bunnik, B.A.D.1,2, Hagenaars, T.J.1, Katsma, W.E.A.1, Bolder, N.M.3, Nodelijk, G.1 and De Jong, 
M.C.M.1,2, 1Central Veterinary Institute, Epidemiology, Crisis Organisation & Diagnostics, Netherlands, 
2Wageningen University, Quantitative Veterinary Epidemiology, Netherlands, 3Central Veterinary Institute, 
Food Chain Quality, Antibiotics and Zoonoses, Netherlands; bram.vanbunnik@wur.nl

The lack of understanding of transmission between spatially separated hosts (indirect transmission) is 
an important knowledge gap in several disease control problems ranging from epidemics in livestock 
to outbreaks of hospital infections. In this study we carried out experiments on the transmission of 
Campylobacter jejuni between spatially separated broilers as a model to gain insight into the mechanisms 
of indirect transmission. The results showed an unexpected delay between the start of shedding by the source 
(i.e. inoculated animals) and the occurrence of the first transmission event. This delay was surprising because 
it is much longer than can be explained by a low overall transmission rate. To explore possible mechanisms 
that could underlie the observed pattern, we extended the standard basic Susceptible-Infectious (SI) model 
to include the environment as an infectivity reservoir, developing a class of mathematical models describing 
different scenarios of indirect transmission. Several scenarios from this general class were tested against 
the results of the transmission experiments. This revealed that the experimental observations can neither be 
explained in terms of purely airborne transmission, nor in terms of transmission via a simple, unstructured 
environmental reservoir. However, two more complex scenarios of indirect transmission were shown to 
be compatible with the observations, suggesting that transmission occurs through progressive (but slow) 
contamination of the environment surrounding the source.

Approaches to decision making with imperfect information, the case of emerging risks, knowledgeable 
experts and fit-for-all prioritization schemes: a review
Del Rio Vilas, V.J.1, Montibeller, G.2, Franco, A.3 and Aspinall, W.4, 1Bechtel International Systems Inc, 
Uzbekistan, 2London School of Economics and Political Science, United Kingdom, 3Hull University Business 
School, United Kingdom, 4University of Bristol, United Kingdom; vdelriovilas@yahoo.co.uk

There appears to be growing reliance on prioritization techniques in health related fields, for example the 
prioritization of diseases of public and animal health relevance, often without formal understanding of 
methodological issues, which may lead to flawed outcomes. Techniques from risk and decision analysis, 
e.g. multi-attribute theory to handle multi-dimensional impacts, have been increasingly applied to deal 
with one-off prioritization problems, e.g. the ranking of farms for the risk of disease introduction. There 
is a need to extend robust methods to other situations in which evidence is scanty or questionable. This is 
most applicable to emerging risks such as new diseases. Expert opinion and expert groups are used in many 
instances for these purposes and scientific opinions abound. Here we present a review of the reasons for 
prioritization and use of expert opinion in different settings and for different events of interest, e.g. multiple 
competing threats, capability portfolios to address threat portfolios, and the organizational challenges for 
successful implementation. We also review prioritization methodologies and highlight common mistakes 
in the published literature, successful frameworks for the use of expert judgment in decision-making for 
low probability/high consequence events and the quantification of uncertainty by expert judgment using 
Cooke’s classical model. Highly topical issues, e.g. prioritization of long term vs. short term benefits from 
competing and current interventions, are also discussed.
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Effects of transmission of a live Eimeria acervulina vaccine strain on infection dynamics with a 
homologous wild-type strain in broilers
Velkers, F.C.1, Bouma, A.1, Stegeman, J.A.1 and De Jong, M.C.M.2, 1Faculty of Veterinary Medicine, Utrecht 
University, Farm Animal Health, Netherlands, 2Wageningen Institute of Animal Sciences, Wageningen 
University, Quantitative Veterinary Epidemiology, Netherlands; j.a.stegeman@uu.nl

Coccidiosis is one of the most costly diseases in broilers. Restrictions of anticoccidials will make alternative 
strategies, e.g. vaccination, essential for broiler production. Live vaccines are infrequently used in broilers, 
mainly due to variability in efficacy and high costs. Improved efficacy may increase its use. The transmission 
rate of vaccine and wild-type strains can affect efficacy of interventions. Therefore, we quantified 
transmission of a live Eimeria acervulina vaccine strain and determined degree of protection against a 
subsequent infection with a wild-type E. acervulina strain. An experiment was carried out with 4 groups of 
22 SPF broilers. At 2 days of age, 11 birds of groups 2-4 were vaccinated directly by oral application of E. 
acervulina oocysts of the Paracox™ vaccine and 11 birds were placed in contact with these birds (contact-
vaccinated). Birds in group 1 remained unvaccinated (controls) and were not exposed to vaccinated birds. 
At day 28 of age, 6 groups of 10 birds were formed, with 2 groups (duplo) for each treatment group, i.e. 
vaccinated, contact-vaccinated or unvaccinated control birds. Five birds of each group were orally inoculated 
with wild-type E. acervulina oocysts and five were contact-exposed. Individual droppings were collected 
daily from days 5-49 of age to quantify oocyst output and determine time of infection. The transmission rate 
of the vaccine was estimated at 1.6 day-1. Although transmission of wild-type coccidia was not significantly 
reduced in vaccinated or contact-vaccinated groups, both groups were equally protected against high oocyst 
output after infection with the wild-type strain compared to unvaccinated groups. This suggest that factors 
influencing transmission of vaccine strains may be important targets for improvement of vaccine efficacy 
and warrant further research.

Contribution of foot-and-mouth disease virus contaminated environment to the transmission of the 
disease in calves
Bravo De Rueda, C.1,2, De Jong, M.C.M.1, Eblé, P.L.2, Van Hemert-Kluitenberg, F.2 and Dekker, A.2, 
1Wageningen University, Quantitative Veterinary Epidemiology, Netherlands, 2Central Veterinary Institute 
(CVI), Netherlands; carla.bravoderueda@wur.nl

Foot-and-Mouth Disease (FMD) infected animals can contaminate the environment with their secretions 
and excretions. There is a lack of knowledge on the contribution of a FMD virus contaminated environment 
to the transmission of the disease. The aim of this study was to quantify direct and indirect transmission in 
naïve calves. Indirect transmission was studied by using pens that had previously housed infected calves 
and by introducing infection-free calves to these facilities. Oropharyngeal fluid swabs, urine, faeces and 
blood samples were collected and it was analysed whether they were positive for FMD virus. We used a 
modified SIR model to calculate the transmission rate parameter caused by direct contact, which is the 
average number of secondary infections caused by one infectious animal per day and, to calculate the 
transmission rate parameter caused by indirect contact, which is the average number of new infections 
caused by the environment contaminated by one infectious animal one or more days ago. The modified 
SIR model includes virus decay (estimated from laboratory experiments) and accumulation of virus in the 
environment (because of the presence of an infected animal the preceding day). Both direct and indirect 
transmission occurred. Using the estimates for the transmission parameters and the infectious periods, we 
calculated the reproduction ratio’s R direct and indirect. Our findings show that a contaminated environment 
with FMD virus has an important role in FMD virus transmission, because even after removal of infected 
cattle, contact cattle can still become infected.
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Whole genome sequencing and mathematical modelling of Mycobacterium bovis in sympatric cattle 
and badger populations
Kao, R.R.1, Biek, R.1, O’hare, A.1, Wright, D.2, Mallon, T.3, Mccormick, C.3, Orton, R.J.1, Mcdowell, S.3, 
Trewby, H.1 and Skuce, R.A.3, 1University of Glasgow, Boyd Orr Centre for Population and Ecosystem 
Health, United Kingdom, 2Queen’s University Belfast, School of Biological Sciences, United Kingdom, 
3Agri-foods and Biosciences Institute Northern Ireland, United Kingdom; rowland.kao@glasgow.ac.uk

Whole genome sequencing (WGS) holds great promise as a tool for studying the transmission dynamics of 
an observed epidemic involving a largely unsampled ‘reservoir’ host, as is the case for bovine tuberculosis 
(bTB) in British and Irish cattle and badgers. However, such data can require considerable interpretation, 
particularly if used to infer patterns of fine-scale transmissin dynamics. Mathematical models are ideal 
vehicles for this interpretation, however approaches integrating models and genetic data require good 
datasets to validate them. Here, we analyse bTB transmissio dynamics in Northern Irish cattle and badgers, 
where there are extensive demographic and livestock movement data, in combination with Mycobacterium 
bovis sequences from a spatially clustered group of infected cattle and badgers. Comparing WGS data to 
mathematical transmission models showed good correlations between the distributions of single nucleotide 
polymorphisms and the spatial and within-herd contact structure, but poor correspondence to the network 
of cattle movements linking them. Despite badgers being under-sampled, our data provided evidence for 
recent transmission events between the two host species, and an unprecedented resolution of the spatial 
correlation between these. These results provide the first direct genetic evidence of M. bovis persistence on 
farms over multiple outbreaks with a continued, ongoing interaction with M. bovis in badgers.

The influence of herd size on the spread of classical swine fever during the 1997-1998 epidemic in 
the Netherlands
Van Den Hengel, R., Boender, G.J., Van Roermund, H.J.W. and Hagenaars, T.J., Central Veterinary Institute 
WUR, Netherlands; rob.vandenhengel@wur.nl

As livestock farms in The Netherlands are nowadays being scaled up in size for economic reasons, the 
question becomes important how disease introduction risks and risks of onward transmission scale with 
farm size (i.e. with the number of pigs on the farm). Here we use the epidemic data of the 1997-1998 
epidemic of Classical Swine Fever Virus (CSF) in The Netherlands to address this question for CSF risks. 
This dataset is one of the most powerful ones statistically as in this epidemic a total of 428 pig farms were 
infected (with the majority of farm sizes ranging between 27 and 1,750 pigs). We have extended the earlier 
models for the transmission risk as a function of between-farm distance, by adding two size dependent 
factors: these factors describe the farm size dependence of, respectively, the susceptibility of an exposed 
farm and the infectivity of a source farm. Using the best-fitting model, we show that the size of a farm has 
a significant influence on both farm-level susceptibility and infectivity for CSF. Although larger farms are 
both more susceptible to CSF and, when infected, more infectious to other farms than smaller farms, the 
increase is less than linear. According to the best-fitting model, the higher the farm size, the smaller the 
effect on the susceptibility and infectivity of a farm of increments in farm size. We show that this implies, 
based on the pig farming characteristics of 1997-1998 in The Netherlands and assuming that the relative 
spatial distribution of farm locations does not change, a trend towards less but larger farms would produce 
a net decrease in between-farm transmission risks.
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Faecal shedding probabilities in cattle with different Salmonella dublin antibody profiles
Nielsen, L.R., University of Copenhagen, Faculty of Health and Medical Sciences, Department of Large 
Animal Sciences, Denmark; lrn@life.ku.dk

Salmonella Dublin carriers contribute to the bacterial load in infected cattle herds by intermittent shedding 
of bacteria in faeces, and might be detected based on persistently high antibody levels in serum or milk. 
The objective was to estimate the probability of faecal S. Dublin shedding in individual cattle in risk groups 
(R1, R2, R3 and R4) based on repeated antibody measurements over a period of 1½ years in cattle in 14 
infected Danish dairy herds. A total of 2,669 animals had paired faecal cultures and antibody measurements 
performed between 1 and 5 times each. R1 had persistently high antibody levels (>80 ODC%), R2 had 
moderately high antibody levels once or several times (50-80 ODC%), R3 had low to medium antibody 
levels (25-50 ODC%) and R4 had continuously low antibody levels (<25 ODC%). The overall shedding 
probability was 1.7%. In R1 it was 3.4%, in R2 2.7%, in R3 1.0% and in R4 0.6%. A logistic regression 
model taking into account clustering at herd level was used to estimate the probability of shedding at a given 
age for each antibody profile. The resulting probabilities of faecal shedding were up to 10 times higher in 
young stock than in cattle above approximately 4 years old, which had probabilities of shedding S. Dublin 
<2%. Younger cattle in the two high risk antibody profile groups (R1 and R2) had significantly higher risk 
of shedding S. Dublin than animals with R3 and R4 antibody profiles. The highest shedding probability 
predicted by the logistic regression model was 11%. The true probability is very likely 4-5 times higher, 
because the diagnostic sensitivity of faecal culture is poor. Hence, carrier detection by repeated antibody 
testing could be relevant, at least in young stock and 1st parity cows, in herds attempting to control or 
eradicate S. Dublin from the cattle population, but cost-benefit analyses are necessary to determine the 
value of such procedures.

Factors influencing the immune response of vaccinated poultry in the Mekong region of Viet Nam
Long, N.V.1,2, Stevenson, M.A.2, Schauer, B.2, Prattley, D.2, Thuy, N.T.1, Morris, R.2 and Nam, H.V.1, 
1Department of Animal Health, 15/78 Giai Phong, Ha Noi, Viet Nam, 2EpiCentre, IVABS, Massey University, 
Private Bag 11-222, New Zealand; v.l.nguyen@massey.ac.nz

A prospective cohort study was carried out to quantify the length of time taken for poultry to become H5 
seronegative following a H5N1 vaccination event. Flocks from eight villages in two provinces (Can Tho 
and Bac Lieu) in the Mekong region of Viet Nam took part. One hundred and fifty seven poultry flocks were 
enrolled. Flocks were visited monthly between December 2008 and April 2010. A total of 14,878 serum 
samples were collected from 5,476 birds over the follow-up period and tested using the haemagluttination 
inhibition test. Survival analyses were carried out to determine how long it took for vaccinated birds to 
become H5 seronegative. Because birds were sampled at set times throughout the follow up period this was 
treated as an interval censored data set. Fifty percent of birds were seronegative by 59 (95% CI 54-64) days 
following vaccination. A parametric accelerated failure time model based on the Weibull distribution showed 
that the time taken to become seronegative for layer ducks and in-contact species (chicken) was increased by 
a factor of 3.26 (95% CI 2.59-4.10) and 1.96 (95% CI 1.55-2.48) respectively compared with broiler ducks. 
Compared with those vaccinated during the two low risk periods, the time taken to become seronegative for 
birds vaccinated during the two high risk periods was decreased by a factor of 0.72 (95% CI 0.61-0.84) and 
0.75 (95% CI 0.64-0.89), respectively. Compared with birds vaccinated by staff from their own commune, 
the time taken to become seronegative for birds vaccinated by staff from other communes was decreased 
by a factor of 0.62 (95% CI 0.47-0.82). This study has identified some critical focus areas if vaccination is 
to continue to be used as a means for controlling HPAI H5N1 in village poultry populations in Viet Nam.
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Use of cow characteristics to explain differences in Mycobacterium avium subspecies paratuberculosis 
ELISA results between serum and milk samples
Wolf, R., Barkema, H.W., De Buck, J., Mortier, R. and Orsel, K., University of Calgary, Production Animal 
Health, Canada; rwolf@ucalgary.ca

The performance of antibody ELISAs for the detection of Mycobacterium avium subspecies paratuberculosis 
(MAP) infection is dependent on the within-herd prevalence and differs depending on the type of matrices 
used (blood versus milk). The objectives of this study were to evaluate a commercially available ELISA kit 
in low MAP prevalence herds using serum and milk samples, and to evaluate whether cow characteristics 
explain the difference between ELISA results. Cows on 24 Alberta dairy farms were sampled twice within 
a 2-year period. During each visit, fecal and blood samples were collected from all cows over 36 months of 
age. Milk samples were acquired through the Canadian Herd Improvement Program (Canwest DHI) that also 
provided the individual cow production data records. Fecal samples were processed in pools of 5 using the 
TREK ESP culture system with IS900 PCR as confirmation. Individual animal fecal samples corresponding 
to positive pools were tested to identify positive cows in the pools. Using fecal culture as the gold standard, 
the performance of the 2 sample types was compared by ROC-analysis. The relationship between the 
outcome (milk ELISA s/p ratio) and the key predictors (serum ELISA s/p ratio, cow characteristics) was 
examined with multilevel linear regression on the levels herd, cow and year of observation. The individual 
animal prevalence determined by fecal culture was 1.2%. Greater area under the ROC-curve suggested 
greater cut-off independent prediction of fecal culture results by the serum ELISA than by the milk ELISA 
(0.71 versus 0.57). The relationship between milk and serum ELISA results was modified by the milk yield 
and the protein content. Based on the impact of the milk characteristics, we conclude milk yield and protein 
content should be considered when interpreting milk ELISA results.

Age and dose dependent susceptibility to Mycobacterium avium subspecies paratuberculosis infection 
in dairy calves
Mortier, R., Barkema, H.W., Orsel, K., Wolf, R., Negron, M. and De Buck, J., University of Calgary, 
Production Animals Health, Canada; rarmorti@ucalgary.ca

Johne’s Disease (JD) is a chronic enteritis of ruminants, caused by Mycobacterium avium subsp. 
paratuberculosis (MAP). As no cure is available, prevention programs are necessary and based on age 
related susceptibility, but this is supported by limited data. Additionally, diagnosis of MAP infection is 
hampered by low sensitivity of the commonly used diagnostics. The reason for this low sensitivity is that 
immune responses are localized in the gut during the long incubation period (years) and therefore difficult 
to detect systemically. We conducted an infection experiment to prove age related susceptibility and analyse 
the accuracy of diagnostics. Thirty-three calves were divided in 10 experimental groups and were infected at 
5 different ages (14 days, 3, 6, 9 & 12 months) and with 2 different doses of MAP. Samples were collected 
monthly for serum ELISA, IFN-γ ELISA and fecal culture. All calves were euthanized when 17 months 
old to determine the infection status using histopathology and tissue culture. Serum ELISA results were 
summarized as area under the curve for each calf and analysed with Kruskal-Wallis test. A dose dependent 
IFN-γ response can be detected 2 months post-infection in all animals, with a peak at 3 months and a slight 
decrease afterwards. Animals test positive in antibody ELISA as of 3 months post infection, but antibody 
titers are not consistently present in all animals. Compared to younger infection groups, calves infected at 
an older age respond with a higher antibody titer early after infection. Fecal shedding can be noticed as of 
1 month post-infection in some animals and is intermittent and low during the trial. After necropsy, most 
animals were confirmed to be infected with MAP. Diagnostic tests seem to detect IFN-γ, antibody titers and 
fecal shedding earlier than previously believed. We have proof that there is no age related susceptibility, 
but the dose has an impact on the progression of infection.
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Evaluation of the Salmonella surveillance program in Belgian pig farms
Méroc, E.1, Strubbe, M.2, Czaplicki, G.3, Vermeersch, K.4, Hooyberghs, J.4 and Vanderstede, Y.1, 1CODA-
CERVA, Unit for Co-ordination of Veterinary Diagnostics-Epidemiology and Risk Assessment, Belgium, 
2Dierengezondheidszorg Vlaanderen (DGZ), Belgium, 3Association Régionale de Santé et d’Identification 
Animales (ARSIA), Belgium, 4Federal Agency for the Safety of the Food Chain (FASFC), Belgium; 
estelle.meroc@coda-cerva.be

Belgium has implemented a national surveillance and control program for Salmonella in pigs in 2007. 
Pig farms are designated as Salmonella high risk farms based on serological profiles and are obliged to 
subsequently take part in a Salmonella Specific Action Plan (SSAP). The SSAP was evaluated and risk 
factors for the persistence of Salmonella on the farm were investigated. The Kaplan-Meier method was 
used to study the period during which a farm maintains a Salmonella high risk status. Farms recovered more 
slowly from their high risk status before the SSAP was implemented compared to after the program was 
implemented (P<0.001). However, results showed that 29% of the farms were withdrawn from the program 
possibly only because of sampling error. Secondly, the influence of several risk factors (type of farm, season 
of entrance into the SSAP, size of farm and farm density of the municipality) on the time to withdrawal 
from the high risk status was evaluated using univariable methods and a Cox multiple regression model for 
survival data. A statistically significant association was identified between the type of farm and the time to 
withdrawal from the high risk status. At any point in time after the onset of the SSAP, withdrawals from 
the high risk status occurred at a 39% and 28% higher rate in mixed (P=0.01) and fattening farms (P=0.05) 
respectively compared to closed farms. The risk attributed to closed farms is related to the presence of sows 
in this particular type of structure, which underlines the importance of implementing control measures in 
this category of animals.

Size of the iceberg: proportion of Mycobacterium avium subsp. paratuberculosis infected cattle with 
and without specific antibodies
Nielsen, S.S., Toft, N. and Okura, H., University of Copenhagen, Denmark; ssn@life.ku.dk

Diagnosis of chronic infections such as infections with Mycobacterium avium subsp. paratuberculosis 
(MAP) may be hampered by low sensitivity of diagnostic tests, because the infection remains latent. 
However, sensitivity increases with age because few infections remain latent. The proportion of detectable 
infections among all infected is often referred to as ‘the tip of the iceberg’. For MAP infections, infected 
cattle may be divided into those with cell-mediated immune reactions (CMI) during latent infection, and 
those with humoral immune reactions (HI) characterized by IgG1 antibodies. The purpose of this study was 
to estimate the proportion of cows having HI among all cows infected with MAP by assuming an infected 
cow had either CMI or HI. Prior test-records from 12,174 Danish dairy cows, which were ultimately deemed 
to have MAP specific IgG1 antibodies, were used to estimate age-specific sensitivities (Se). The specificity 
(Sp) of the test was estimated based on prior test-results among 96,138 cows, which ultimately had no MAP 
IgG1 antibodies. The Sp, age-specific Se and maximum Se were used to estimate the probability of having 
CMI and HI at a given age supplying the proportion of infected cows with HI at a given age. The Sp was 
estimated to 0.985. Se ranged from 0.22 at 2 years of age to 0.58 at 3 years of age, 0.74 at 4 years of age to 
a maximum of 0.83 at 10 years of age. The resulting proportions of infected cows with HI were 0.24 at 2 
years of age and 0.96 at 5 years of age, i.e. a significant shift in the size of the iceberg. Although the ‘iceberg’ 
concept is well-known among paratuberculosis researchers, the size of the iceberg has not previously been 
characterized. Results can be used for inclusion of the distribution of cows in different infection stages at 
different ages in mathematical modeling of infection dynamics. In practice, positive and negative predictive 
values can be calculated for cows at different ages and in populations with different prevalences.
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Correlation between antibodies in pig slaughterhouse blood and KPIs
Düsseldorf, S.1, Janowetz, B.2, Niemeyer, H.2, Petersen, B.1, Böttcher, J.2 and Heres, L.3, 1University Bonn, 
Germany, 2Bavarian Animal Health Service, Germany, 3VION Food Group, Netherlands; 
simon.duesseldorf@uni-bonn.de

Prevention in pig herd health and on farm management are rarely based on monitoring slaughterhouse 
blood. The objective of the present study is to assess the value of serology on pathogens associated with 
respiratory diseases in blood taken at slaughter for pig herd health management, including reduction of 
antibiotic use. For this purpose 20 herds in the Southeast of Germany were selected. A priori information 
about pneumonia at meat inspection in 2010, which varied from 1.23% to 33.92%, was used to select the 
farms. Blood was collected from 15 randomly selected pigs from two deliveries (n=300) of one fattening 
period (February to August 2011) and submitted for ELISA-serology. Additionally, meat inspection results 
of the supplies and farm performance data were collected. The Spearman’s correlation coefficients between 
rejected lungs (middle and high pneumonia) during meat inspection and percentage of positive pigs per 
herd for PRRSV were respectively 0.714 (P=0.000), PCV2 0.874 (P=0.000), Influenza 0.318 (P=0.127), 
M. hyopneumoniae 0.771 (P=0.000) and APP2 0.596 (P=0.006). The Spearman’s correlation coefficient 
between sum of positive serological parameters (SSOP) and rejected lungs was 0.676, (P=0.011). All five 
pathogens explain 76.1% of rejected lungs (quadratic R²=0.761). Spearman’s correlation coefficient was 
0.920 (P=0.000). Correlation coefficient between SOPP and growth rate was -0.496 (P=0.036) and feed 
conversion rate 0.564 (P=0.018). There are significant correlations between SOPPs and rejected lungs, 
growth and feed conversion rate. The results indicate that the information gained by slaughterhouse blood 
can be applied to support preventive herd health management and therefore can be used as additional service 
for net chain coordinators. Ongoing research is presented that investigated the relation of these serological 
results with farm observations, with health assessment at farm and the robustness of the data.

Position and time related Salmonella findings in a swine holding
Fries, R.1, Irsigler, H.1, Mischok, D.2, Meermeier, D.3 and Gäng, T.1, 1Institute of Meat Hygiene and 
Technology, Faculty of Veterinary Medicine, FU Berlin, Germany, 2Westfleisch e. G., Germany, 3Veterinary 
Inspection Office Paderborn, Germany; fries.reinhard@vetmed.fu-berlin.de

A farm with sows and fattening pigs was visited 12 times in 2 week intervals, samples were taken from 
animals during their lifetime, after slaughter and from the environment (the site, buildings, equipment, 
persons). During this visitation period, three groups of pigs could be followed completely during their 
fattening period, other groups were only partly overlapping with the observation period. In total, 1956 
samples were taken and examined for Salmonella. Isolates were then serotyped acct. to the Kauffman-
White scheme. Control and prevention of Salmonella depends on insight and understanding. It was intended 
to find possible transfer routes based on the given in-farm organisation within the given structures on 
one farm area. Results: In total, 196 out of 1956 samples were positive (10.0%), with different results 
depending on the sampling occasion (minimum 5.3% and maximum 21.2%). All isolates were identified 
as Salmonella Typhimurium. Within this serotype, we identified monophasic (4,12:i:- and 4,5,12:i:-) and 
biphasic (4,12:i:1,2 and 4,5,12:i:1,2) variants as well. The isolates could be followed and re-identified 
during the period of observation, in addition, the animals were moved through the stable’s compartments, 
which could be reflected by the isolation of identical strains (serotyping). Data indicate a stabile prevalence 
of a special serotype (with several variants) on a site over several months. However, within such a site, 
the agents may change in relation to their carriers. It was concluded, that individual analysis is needed to 
control the transfer of Salmonella, which is based on the technical and organisation structures on the farm.
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Dynamics of infectious agents associated with pleuritis and pneumonia in French farrow-to-finish 
pig herds
Fablet, C., Marois-Crehan, C., Simon, G., Grasland, B., Jestin, A., Kobisch, M., Madec, F. and Rose, N., 
Anses, Epidemiology, France; christelle.fablet@anses.fr

A study was carried out in 125 farrow-to-finish pig herds to assess the relationships between five pathogens 
involved in respiratory disorders and to relate these findings to clinical signs of respiratory diseases and lung 
lesions at slaughter. Clinical examination and sampling were carried out on four different batches in each 
herd (pigs aged 4, 10, 16 and 22 weeks). Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae, 
swine influenza viruses (SIV) of European H1N1 and H1N2 lineages, porcine reproductive and respiratory 
syndrome virus (PRRSV) and porcine circovirus type 2 (PCV2) were detected by serological or PCR tests. 
Pneumonia-like gross lesions and pleuritis were scored at the slaughterhouse on a random sample of 30 pigs 
per herd corresponding to the batch sampled on the farm at 22 weeks of age. The results indicated that the 
percentage of PCR-positive pigs for PCV2 at 4, 10 and 16 weeks old was associated with the percentage 
of PCR-positive pigs for M. hyopneumoniae at these ages. On the other hand, the percentage of pigs with 
antibodies against PRRSV at 10, 16 and 22 weeks of age was positively correlated with the percentage of 
pigs seropositive for M. hyopneumoniae at 22 weeks, with the percentage of pigs with antibodies against 
SIV H1N1 and SIV H1N2 and the percentage of pigs sero-positive for A. pleuropneumoniae serotype 2. 
The findings also showed that, among the five studied pathogens, M. hyopneumoniae, PRRSV and SIV 
H1N1 were the main pathogens related to pneumonia-like gross lesions even though PCV2 might play 
a role. A. pleuropneumoniae serotype 2, in association with PRRSV, was significantly associated with 
extensive pleuritis. Respiratory diseases could significantly be reduced by implementing measures including 
appropriate management practices to control these pathogens.

Effect of a disinfection strategy on the MRSA prevalence in pigs
Pletinckx, L.J.1,2, Dewulf, J.3, De Bleecker, Y.2, Goddeeris, B.M.1 and De Man, I.2, 1KULeuven, Department 
of Biosystems, Belgium, 2KATHO University college, Belgium, 3UGent, Veterinary Epidemiology Unit, 
Department of Reproduction, Obstetrics and Herd Health, Belgium; larissa.pletinckx@katho.be

Livestock-associated methicillin-resistant Staphylococcus aureus (MRSA) is abundantly present in pigs. 
Since sows act as MRSA reservoir for their piglets, decontamination practices of sows might reduce MRSA 
prevalence in sows and their offspring. In this study, a disinfection strategy was tested on 2 Belgian farrow-
to-finish pig farms for 6 months. Six sow rounds were sampled, sows were divided into either a test (3 
rounds) or control group (3 rounds). Per round, 20 sows and 40 of their piglets were sampled at different 
time points. The farrowing and the swine nursery unit for both groups was always cleaned and disinfected. 
The disinfection strategy of the test groups consisted of washing the sows to remove dirt before entry in 
the farrowing unit followed by disinfection of the skin during 6 days prior to farrowing by spraying a 
solution containing chlorhexidine digluconate (<1%) and isopropanol (1-5%) (off label use). The skin of 
sows & piglets was swabbed behind both ears, all swab specimens were further processed as was previously 
described. Preliminary results of the first 4 rounds, showed a decrease of 60% in sow MRSA prevalence 
in the test group on the 1st day of disinfection. 10 days after start of the disinfection strategy, a decrease of 
69% was found, at weaning this was only 5%. The MRSA prevalence of the piglets in the test groups was 
22% lower in the 1st week of life, but just before weaning this was only 7% in comparison to the control 
group. In conclusion, preliminary results show that the tested disinfection strategy reduces temporary the 
sow and piglet MRSA status based on skin samples.
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Individual pig care (IPC), a new management tool for improved responsible use of medicines
Piñeiro, C.1, Morales, J.1, Doncecchi, P.2, Dereu, A.2, Macarrilla, J.3, Bahnolzer, E.4, Wuyts, N.2 and Azlor, 
O.2, 1PigCHAMP Pro Europa SL, Spain, 2Pfizer International Operations, PAH EuAfME, France, 3Pfizer 
Animal Health, Spain, 4Pfizer Animal Health, Germany; joaquin.morales@pigchamp-pro.com

The individual pig care (IPC) is a new management tool for swine farmers in Europe, based in daily keen 
observation of the pigs, early detection of husbandry and health problems and prompt and accurate reaction 
to them, based on fast data collection and processing. The objective of this study was to validate this new 
management tool. A multicentric trial in 10 different herds – 7 in Germany and 3 in Spain – was rolled out 
in the last part of 2011 to evaluate a new management protocol to early identify sickness in nursery and in 
grower phase pigs. The IPC method includes daily observations and reporting in a methodical manner. In 
total 7 nursery herds (about 3,000 animals) and 3 growing-finishing herds (5,000 animals) were monitored 
over a period of 6 months. Parameters evaluated included respiratory-, enteric-, lameness-, neurological 
and biting signs. Specific actions are linked to the severity of the observed symptoms including decisions 
on type and route of treatment methods. All the data are digitally collected and transferred to a protected 
server in ‘real time’. This system allows for daily feedback and progress monitoring. The preliminary 
results demonstrate that this method (IPC) when compared to traditional management on the same farms 
allows for significant reduction in mortality in the nursery phase (observations ranged up to 40% reduction 
in mortality) with a decrease of amounts of antibiotics used (observations ranged up to 47%), and an 
increase in average daily weight gain (observations ranged up 10% in certain periods) with a body weight 
homogeneity improvement within pens. In conclusion, early detection of symptoms is the key point of the 
IPC, allowing a faster reaction on events with a better result at the end in production and health. As a result, 
a more prudent use of antibiotics is promoted.

A risk-factor based pig herd index to evaluate the perspectives for a regional PRRSV eradication
Fahrion, A.S.1, Nathues, H.2, Grosse Beilage, E.2 and Doherr, M.G.1, 1VPHI Institute, Univ. Bern, 
Switzerland, 2Field Station for Epidemiology, Univ. of Vet. Med. Hannover, Germany; 
anna.fahrion@vetsuisse.unibe.ch

Since its emergence in the 1990ies, Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) 
has become widely distributed in Europe, leading to production losses due to reproductive disorders and 
respiratory symptoms in pigs. Among stakeholders of the pig production chain, a possible eradication is 
intensively discussed, even though perspectives for such efforts are difficult to predict. Various strategies 
have proven successful to achieve freedom from PRRSV in individual herds. However, the cost-effectiveness 
of such efforts for whole regions depends on the risk of reintroduction of the virus once it has been 
eradicated. In order to provide a basis for these considerations, we created a methodological approach that 
can support assessing the feasibility of a sustainable PRRSV eradication in defined regions. For this purpose, 
we chose two exemplary counties in the pig-dense Northwest of Germany (estimated inter herd prevalence 
90-95%) and received anonymized data for all pig herds (n=2,416) from the veterinary administration. 
Datasets included exact herd sizes, animal categories, and geo-referenced data providing information on 
proximity to neighboring herds. Using this information, and based on knowledge from literature and expert 
opinion, a risk-factor based index was calculated for each herd, relating to its respective risk of endemic virus 
circulation in the herd and reinfection during and after virus eradication. When mapping the geographical 
distribution of the indexed herds, we identified regions with comparably high risk of (re)introduction and 
endemic circulation of the virus as well as ‘lower risk’ regions with better chances for sustained disease 
freedom post eradication. On this basis, suggestions on implementation of eradication measures could be 
developed, possibly get extended to other regions, and thus provide a foundation for management and 
policy decisions.
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Economic analysis of alternate Rift Valley fever control options from a multisector perspective
Kimani, T.M.1, Schelling, E.2, Ngigi, M.3 and Randolph, T.F.1, 1International Livestock Rsearch Institute, 
Markets Theme, Kenya, 2Swiss TPH, Epidemiology and Public Health, Switzerland, 3Egerton University, 
Agricultural Economics, Kenya; mugethikimani@yahoo.com

Rift Valley fever, a viral zoonosis t primarily affects people, livestock and wild animals. The two most recent 
epidemics in Kenya occurred in 1998 and in 2007 with severe impacts in multiple sectors. We undertook a 
study to provide policy evidence on cost-effectiveness and benefits associated with alternate control options 
from a multisectoral perspective. Also undertaken is a one health (OH) institutional analysis for improved 
prevention and control. A multistage methodology involved: (1) mapping of OH stakeholders and an 
institutional analysis; (2) simulation of different options using an individual-based epidemiological model; 
and (3) economic modeling to estimate costs per disability averted and benefits to the livestock and other 
sectors. Up to 28 different OH relevant agencies (spanning beyond the line animal and public health sectors) 
were mapped and involved in the institutional analysis. Socio network analysis reveals denser networks 
and stronger relational linkages between the public health stakeholders while the reverse is true for animal 
health stakeholders. Centrality statistics measures of Degree, Betweeness and Closeness identified the two 
health sectors, and the community as being the actors who linked clusters within the network. A non health 
ministry emerged as the actor demonstrating the highest closeness to all actors, making it an important 
coordination organ. The study concludes that the current narrow scope of OH through collaboration of 
animal and human health agencies leaves out critical non health actors and the community which could 
impact on control of zoonoses. Preliminary cost-benefit analysis of animal vaccination demonstrates fairly 
good returns to investment.

Abattoir condemn data used to identify regional swine TB event
Weber, W.D. and Scott, A.E., USDA, Veterinary Services, USA; wolf.d.weber@aphis.usda.gov

By combining practitioner information with broader USDA FSIS abattoir condemn data, we describe an 
emerging regional swine TB (STB) event. In January 2010, one abattoir reported unusually high STB 
condemns and informed the producers who supplied the affected pigs. Mycobacterium avium was isolated 
from tissue samples taken from the condemned carcasses. M. avium is ubiquitous in the environment 
worldwide and occasionally affects swine, but is typically not transmissible to humans. In the spring of 2010, 
USDA Veterinary Services independently became aware of unusual increases in STB abattoir condemns 
in an area 200 miles from the abattoir affected earlier that year. STB condemn rates in both affected areas 
subsided to typical low seasonal levels by June 2010. Beginning January 2011, condemn rates again rose 
above seasonal baselines and exceeded the 2010 rates. We identified pre-outbreak condemn baselines, 
quantified differences in the 2010 and 2011 STB outbreaks, and determined the geographic extent of the 
outbreaks. For the analysis, we grouped June 2007 to May 2011 FSIS market swine condemn data by three 
major swine producing areas with a fourth area representing the residual of U.S. market swine abattoirs. 
Periods of anomalous condemn rates were identified by production area and individual abattoir. Mean weekly 
STB condemn rates, which ranged from 5.7 to 21.4 per 100,000 swine between 2007 and 2009 (mean=10.7, 
SD=3.0), exceeded typical levels beginning Jan 2010 and rose even higher beginning Jan 2011. Most of 
the increase is due to condemns in one of the four production areas, where weekly STB condemns reached 
670/100,000 at the peak of the 2011 outbreak. Data for the other three areas indicate that condemns appeared 
to remain at non-outbreak rates over the four-year data series. Analysis by individual facility suggests that 
while condemns in one of the presumably unaffected areas seemed to coincide with typical seasonal STB 
rates, the pattern for one facility implies atypically high STB rates in both outbreak periods.
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A bioeconomic analysis of disease transmission between wildlife and livestock populations in Limpopo 
Province, South Africa: conservation vs. livelihoods
Sikhweni, N.P., Tshwane University of Technology, South Africa; sikhweninp@tut.ac.za

The establishment of national parks and protected areas has noticeably conserved wildlife that could nearly be 
extinct and preserved biodiversity. However, for most African countries, and developing countries in general, 
conservation policy has been received with resentment by the local people since this policy threatened their 
main source of livelihoods. In addition, wildlife often escape from protected areas into adjacent areas where 
they interact with the livestock of livestock farmers, competing for grazing pastures with the potential for 
transmitting diseases such as foot-and-mouth disease (FMD). The aim of this presentation is to determine 
the impact of potential transmission of FMD on the livelihoods of small-scale livestock farmers through the 
interface with wildlife populations. The study develops a bioeconomic model which analyzes the trade-offs 
between keeping wildlife in the park as a conservation value and the livestock that support the livelihoods 
of small-scale farmers in an overall optimal way in the presence of such disease transmission. The reduction 
in livelihoods is addressed through the reduction in the market value of the cattle. This scheme is compared 
to the situation with the absence of unified resource management policy, and also when there is no disease 
transmission. Data from Kruger National Park and livestock farmers living in the adjacent areas will serve 
as a demonstration of this model. Preliminary r results show that when the park agency is steering the 
management of resources, the net benefit, or welfare, of the small scale farmers may be reduced by about 
8% with the baseline parameter values compared to the hypothetical situation of no disease transmission. 
This reduction is due to lower slaughter market price, and not lower cattle stock size and total harvest. Under 
unified strategy, the reduction in welfare is about 5%, which is also due to fall in the slaughter market price.

Developments in risk-based decision making: responding to the threat of Rift Valley Fever (RVF) 
and other transboundary diseases
Jost, C.1, Minjauw, B.2, Mariner, J.1, Bett, B.1 and Clark, A.3, 1ILRI, Kenya, 2FAO Subregional Office for 
N. Africa, Tunisia, 3USDA, Kenya; j.mariner@cgiar.org

Following the 2006-2007 outbreak of RVF in East Africa, the International Livestock Research Institute 
(ILRI), UN-FAO and US-Centers for Disease Control and Prevention organized a series of meeting for 
decision-makers to discuss how responses to the outbreak could have been conducted in a more timely and 
effective manner. Participants observed that the ‘all or nothing’ approach used in the decision to declare 
the emergency and mobilize responses did not contribute to the successful mitigation of the outbreak. 
Stakeholders concluded that a phased approach to decision-making utilizing incremental responses to the 
escalating risk of an outbreak could be more effective. They built a decision framework based on a matrix 
of events paired with action categories. The events served as decision points, and the action categories 
suggested responses at each point. Initially, the framework was named a decision support tool, but the 
RVF Risk-Based Decision Framework (RVF-RBDF) is now recognized as a more accurate name for this 
innovation. The RBDF enjoyed interest and decision-makers used the framework to mobilize actions to 
the RVF alarm of 2008. The framework is not prescriptive and easily incorporates technical enhancements 
such as new generation risk maps or more efficient vaccination strategies. In 2011, representatives of the 
Horn of Africa and the Middle East reviewed the RVF-RBDF at a meeting held in Dubai and hosted by 
ILRI and the African Union Interafrican Bureau for Animal Resources. The meeting recommended that the 
RVF-RBDF be developed as a framework for management of RVF risk in inter-regional trade. The meeting 
noted that the RVF-RBDF was a new paradigm for animal health management that merited application to 
other health issues as well. Plans are underway to apply the framework process in the regional context of 
North Africa using the lessons of the 2011 RVF outbreak in Mauritania.
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Newcastle disease vaccination: from technology to poverty reduction
Young, J.1,2, Grace, D.2, Young, M.1, Alders, R.G.1, Kibaya, A.3, Msami, H.4 and Bagnol, B.1, 1Kyeema 
Foundation, Australia, 2International Livestock Research Institute, Kenya, 3State Veterinary Services, 
Tanzania, 4Dodoma Rural District Council, Tanzania; d.grace@cgiar.org

Newcastle disease (ND) is a major constraint to village chicken production in Africa. In endemic areas up 
to 50-100% of the village flock is lost annually. Women poultry-keepers lose assets, income and ability to 
feed their families. Vaccines are highly effective, yet use in villages is low and little is known about the 
reasons for this. In 2003-2005 a project worked to promote the use of the I-2 ND vaccine in Chamwino 
District, Tanzania. This thermotolerant vaccine, developed by the University of Queensland, is affordable, 
effective, and easy to administer. Five years later, we investigated vaccine uptake. Villages were stratified 
by delivery system (project, and active, inactive, and no extension), 2 were randomly selected from each 
strata, and households randomly sampled. Questionnaires (n=456), conjoint analysis (n=455), participatory 
appraisal (n=100 participants) and gender-specific focus group discussion (n=206) were used to assess social, 
cultural and economic determinants of vaccination. Losses from ND were high: households kept on average 
15 poultry, and had lost 20 in the last year, 15 from ND. Only 1/3 had vaccinated in the last year. Conjoint 
analysis found distance and price were more important vaccine attributes than effectiveness or bundled 
services. Wealth, gender, knowledge, and disease impacts all influenced uptake, but more important were 
previous experiences of vaccination and the delivery system available. With adequate systems, vaccination 
delivered major benefits; with poor systems vaccination was associated with increased losses. In the study 
area, the major driver for vaccine uptake failure is not poultry-keepers but the services available to them. 
Given active extension, well-trained vaccinators, and participatory service delivery, ND vaccine can bring 
important benefits to poultry health and livelihoods of the poor.

Social-psychological factors likely to influence movement ban compliance during an outbreak of FMD
Delgado, A.1, Norby, B.2, Scott, H.M.3, Dean, W.4 and Mcintosh, W.A.5, 1IICA, Costa Rica, 2Michigan State 
University, Dept. of Large Animal Clinical Sciences, USA, 3Kansas State University, Dept. of Diagnostic 
Medicine/Pathobiology, USA, 4Texas A&M Health Science Center, School of Rural Public Health, USA, 
5Texas A&M University, Department of Sociology, USA; amy.delgado@iica.int

The severity of an outbreak of foot-and-mouth disease (FMD) can be affected by the extent of early disease 
spread and the effectiveness of control measures. Movement restrictions are a key component of response 
plans; however, modern animal production systems rely on the ability to move animals, and producers 
may experience social, economic, and emotional pressure to move animals during an outbreak. Two 
questionnaires were developed and distributed to 2,018 and 2,022 Texas cow-calf producers, respectively, 
in order to determine the factors which best predict producers’ intentions to obey animal movement 
restrictions during a hypothetical outbreak of FMD. Factor analysis, followed by multivariable, ordinal 
logistic regression was used to predict producers’ intentions. The less unpleasant, difficult, or inconvenient 
producers felt that keeping their cattle in place during an outbreak would be, the greater the odds that they 
would intend to comply with animal movement restrictions (OR 13.48 for highest category, P<0.05). In 
addition, producers who believed that they had access to adequate feed, facilities for calves born, and were 
able to set up disinfection procedures, were more likely to intend to comply(OR 88.02 for the highest 
category, P<0.001). Producers’ beliefs about what other producers like themselves would do had a significant 
effect on their intention to comply, and the odds of intending to comply were over 6 times greater for 
producers who agreed that other producers would comply with the movement restrictions (P<0.001). Of 
concern, increased perception of the risk posed by FMD (overall risk and probability) was associated with 
a decreased intention to obey movement restrictions (OR for highest category 0.55, P<0.05).
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Cattle producers’ economic incentives for preventing bovine brucellosis under uncertainty
Roberts, T.W., Peck, D.E. and Ritten, J.P., University of Wyoming, USA; dpeck@uwyo.edu

Cattle in the Greater Yellowstone Ecosystem (GYE) of the United States occasionally contract bovine 
brucellosis from free-ranging elk and bison. Cattle producers use a variety of prevention activities to reduce 
their herds’ brucellosis risk, such as fencing haystacks, administering adult booster vaccination, and spaying 
heifers. Their prevention decisions are complicated, however, by uncertainty about their herd’s baseline 
risk, and the cost and effectiveness of prevention activities. Our study reduces uncertainty by estimating 
the cost of various brucellosis prevention activities for cow/calf/yearling producers in the GYE, and the 
minimum level of effectiveness each prevention activity must achieve to justify investment by a risk-neutral 
producer. These ‘breakeven levels of effectiveness’ are estimated for various levels of baseline risk and 
government policies. When economic loss to brucellosis is $40,181 (assuming a policy of compensated 
depopulation), a producer whose herd faces a 1% probability of contracting brucellosis can justify investing 
in few prevention activities. Only when economic loss rises to $134,818 (under a policy of uncompensated 
quarantine) can a risk-neutral producer whose herd faces a 1% baseline risk justify activities such as adult 
booster vaccination. As baseline risk increases to 5%, spaying heifers needs to reduce a herd’s baseline risk 
by only 52% to justify implementation, assuming the herd faces a policy of uncompensated quarantine. 
Producers can use breakeven levels of effectiveness to narrow down the list of brucellosis prevention 
activities worth considering, and determine which activities are most likely to generate positive expected 
net benefits. Policymakers and animal health experts can use our results to target their cost-share agreements 
more effectively. Epidemiologists can use our results to determine on which prevention activities to focus 
future research to generate the most useful information for stakeholders.

Understanding socio-economic determinants associated with disease spread: HPAI H5N1 in backyard 
poultry marketing chains, Thailand
Paul, M.1,2, Baritaux, V.3, Wongnarkpet, S.4, Ducrot, C.1, Poolkhet, C.4, Roger, F.2 and Bonnet, P.5, 1INRA, 
UR 346, France, 2CIRAD, Unité AGIRs, France, 3Vetagrosup, France, 4Kasetsart University, Department 
of Veterinary Public Health and Diagnostic Services, Thailand, 5CIRAD, UMR Selmet, France; 
mathilde.paul@cirad.fr

Controlling the Highly Pathogenic Avian Influenza (HPAI) caused by the H5N1 virus in the poultry 
population is essential regarding the socioeconomic importance of the sector and for public health reasons. 
The disease is now endemic in several countries. Surveillance and control of HPAI H5N1 in the backyard 
poultry sector is particularly challenging, as farmers have been pointed out for underreporting outbreaks 
and avoiding control measures. However, the organization of this marketing chain is not well known. A 
value chain analysis was used to describe the organization of the supply chains of backyard poultry in 
Thailand, and identify key agents who may represent disease spreading nodes in the network. A field study 
was carried out to investigate the chains supplying native chickens to Phitsanulok city (a large city located 
in the central plain of Thailand). Quantitative data were collected on 473 backyard chicken farms, and on 
the 5 wet markets of the city. Qualitative data were collected on 17 poultry collectors and slaughterhouses, 
using semi-structured interviews. Findings from this study document the importance of native chickens 
and identify how bird collectors may spread the disease. The study describes the strategies developed by 
actors faced to an epidemic, and discusses the social and economical factors that influence those strategies. 
Trading sick chickens was one of the strategies developed by poultry collectors in case of outbreaks. This 
practice favoured disease spread but allowed limiting financial losses given the severe economic constraints. 
Results from this study should help tailoring the surveillance, control and incentive system to the backyard 
poultry sector in Thailand and in countries with similar context.
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Investigating effects of between- and within- host variability on Escherichia coli O157 shedding 
pattern and transmission
Chen, S.1, Sanderson, M.2 and Lanzas, C.1, 1University of Tennessee, Department of Biomedical and 
Diagnostic Sciences, USA, 2Kansas State University, Department of Diagnostic Medicine and Pathobiology, 
USA; clanzas@utk.edu

Cattle are the reservoir for the human pathogen Escherichia coli O157. Supershedders have been loosely 
defined as cattle that shed high concentrations of E. coli O157 (≥103 or ≥104 cfu/g of feces) at a single (or 
multiple) cross-section in time. Interpreting cross-sectional fecal bacteria distribution is difficult due to 
the variability in the pathogen shedding level among animals, as well as fluctuations in the level shed by 
a single animal. We developed an individual-based model (IBM) that integrates individual animal data on 
temporal fecal shedding dynamics with pen-level E. coli O157 transmission to study how the temporal (and 
aggregation) patterns of E. coli O157 shedding loads and prevalence arise at the pen level. Longitudinal 
shedding patterns obtained from 33 orally challenged calves were integrated to an IBM that considered four 
epidemiological statuses for the animals: primary and secondary susceptible, and primary and secondary 
infectious states. We simulated two scenarios: (1) without individual variability (i.e. all animals had the 
same shedding pattern); and (2) with individual variability (i.e. animals had different shedding patterns). 
Both scenarios generated similar overall disease dynamics, time series of disease prevalence, and number 
of supershedders (defined as ≥104 cfu/g of feces). The scenario without individual variation generated 
heterogeneous patterns of transmission. Even without between-host variability, the proportion of animals 
with concentration of E. coli O157 >104 cfu/g in feces is similar to that observed in cross-sectional field 
data. These animals might be misclassified as putative supershedders based on the threshold definition. 
Testing efforts for finding highly infectious individuals might require longitudinal sampling.

Latent-conditional individual-level models for infectious disease transmission
Deardon, R. and Deeth, L., University of Guelph, Mathematics & Statistics, Canada; rdeardon@uoguelph.ca

Individual-level models, as described in Deardon et al., are a class of statistical infectious disease transmission 
model that have previously been used to model the spatio-temporal spread of infectious diseases. These 
models can incorporate individual-level covariate information, such as vaccination status or geographic 
location, to account for population heterogeneity. However, incomplete or unreliable data is a common 
problem in infectious disease modelling, and models that are explicitly dependent on such information may 
not be robust to the inherent uncertainties. In this investigation, we assess an adaptation of a simple spatial 
individual-level model that incorporates a latent grouping structure based on some trait heterogeneous in 
the population. The resulting individual-level model is then only dependent upon a discrete latent grouping 
variable, rather than original unknown covariate information. Here we test the performance of this new 
‘latent-conditional’ model using simulated data before applying it to data from the 2001 UK foot-and-mouth 
disease epidemic. Models are fitted within a data-augmented Bayesian framework using Markov chain 
Monte Carlo methods. This study demonstrates that the use of a discrete latent grouping variable is an 
effective alternative to utilizing covariate information, particularly when such information may be unreliable.
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Salmonella transmission in wild pigs: molecular, spatial and ecological approaches
Cowled, B.D.1, Ward, M.P.1, Negus, K.1, Galea, F.2, Garner, M.G.3, Marsh, I.2, Laffan, S.4, Muellner, 
P.5, Sarre, S.6 and Woolnough, A.7, 1University of Sydney, Australia, 2NSW DPI, Australia, 3Australian 
government Dep of Agriculture Fisheries and Forestry, Australia, 4University of NSW, Australia, 5Epi-
interactive, New Zealand, 6University of Canberra, Australia, 7Victorian DPI, Australia; 
brendan.cowled@sydney.edu.au

We took an innovative approach to investigate wildlife infection transmission in an extensively distributed 
population of wild pigs (Sus scrofa) in northern Australia (2010-11). We combined molecular (integration 
of pig microsatellite data with Salmonella PFGE typing data), ecological and spatial methods. Several 
approaches were applied to the dataset to understand transmission and prevalence of infection at a very 
detailed scale. Firstly using presence/absence data we hypothesised plausible biological mechanisms for 
Salmonella prevalence. Separate logistic models were established for each hypothesis and information 
theoretic approaches used to choose the most likely model/s. This was used to inferred mechanisms for 
Salmonella prevalence. Secondly Salmonella subtyping data was used to model pair-wise genetic relatedness 
of all Salmonella isolates against a variety of covariates with the aim to quantify levels of transmission 
between pigs. Thirdly, measures of diversity and similarity were used to provide an additional perspective 
on transmission dynamics. Preliminary findings from this study show potential to be of direct value for 
disease control. Results so far show prevalence of infection was associated with resource rich areas (riparian 
zones, water bodies and pasture) and behavioural factors. However no association between prevalence 
and; density, environmental contamination or individual risk factors could be found. Interim analyses of 
pair-wise Salmonella relatedness data suggest that herd membership, spatial proximity and differential 
sex based transmission to be strong risk factors for transmission. Final results will be presented at ISVEE.

Bovine E. coli O157:H7 supershedders: just a passing phase?
French, N.1, Spencer, S.2, Cobbold, R.3 and Besser, T.4, 1IDReC, Massey University, New Zealand, 2Warwick 
University, United Kingdom, 3University of Queensland, Australia, 4Washington State University, USA; 
n.p.french@massey.ac.nz

Cattle are an important reservoir of Escherichia coli O157:H7 but exhibit transient, recurrent, fecal 
shedding of variable intensity. Prevalence of fecal shedding is highly variable among farms and pens within 
farms and even experimental challenge results in heterogeneous fecal shedding following standardized 
exposures. A potential result of this variability is that individuals with high fecal shedding may exert a 
disproportionate impact on the epidemiology of infection: a relatively small proportion of infected cattle, 
termed ‘supershedders’, are considered responsible for most fecal shedding. While previous modeling has 
provided support for the existence and significance of supershedding in the epidemiology of O157:H7, 
these studies are primarily based on cross-sectional studies that do not directly address the stability and 
infectiousness of high shedding within individual cattle. We utilized a unique longitudinal dataset that 
followed the progress of a natural infection in 200 cattle divided into 20 pens. Bacterial counts from 
recto-anal junction swabs and fecal pat samples were taken over 99 days. These measurements were used 
to parameterize discrete-time Susceptible-Infectious-Susceptible models via MCMC. This allowed us to 
quantify the impact of high shedding on within-pen transmission after adjusting for cattle density and test 
sensitivity. Four alternative definitions of supershedding were considered including a relatively stringent 
definition (3 consecutive +ve samples with mean cfu/g >104), ‘persistent shedders’ (>9 positive sampling 
dates); ‘high shedders’ (mean cfu/g >104); and ‘bulk shedders’ (sum of all cfu >106). Little consistency was 
seen among the four definitions. Although some correlation between shedding levels and transmission was 
observed, the lack of concordance between model predictions and the observed data suggests that other 
factors such as variable susceptibility or social dynamics play an important role in the infection process.
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Inference on the invasion and transmission of Salmonella cerro and kentucky in an adult dairy herd 
using approximate Bayesian computation
Lu, Z., Mitchell, R., Schukken, Y., Smith, R. and Grohn, Y., Cornell University, Department of Population 
Medicine and Diagnostic Sciences, College of Veterinary Medicine, USA; zhaolu@cornell.edu

Outbreaks and a high level of persistence of Salmonella Cerro and Salmonella Kentucky were recently 
found in an adult dairy herd under intensive sampling. To understand the invasion and transmission 
dynamics of S. Cerro and Kentucky in the herd, a susceptible-infectious-recovered-susceptible (SIRS) 
transmission model was developed. However, due to the infectious periods of S. Cerro and S. Kentucky more 
realistically following a gamma distribution, parameter estimation using the conventional likelihood-based 
inference approaches is not trivial. Therefore, we applied a likelihood-free method, Approximate Bayesian 
Computation, to the SIR model and estimated the key epidemiological parameters, the basic reproduction 
ratios, and the fecal culture test sensitivities for both strains from the longitudinal field data. The results 
show that, (1) the mean transmission rates for S. Cerro and S. Kentucky are 0.95 (95% credible interval 
(0.85, 1.11)) and 0.47 (0.42, 0.53) (animal×month)-1, respectively, (2) the average infectious periods are 
8.6 ((7.6, 9.7), S. Cerro) and 9.0 ((7.4, 10.2), S. Kentucky) months, (3) the basic reproduction ratios were 
7.4 ((4.9, 12.0), S. Cerro) and 3.7 ((2.8, 4.6), S. Kentucky), and (4) the fecal culture test sensitivities against 
the SIRS model are 0.79 ((0.69, 0.94), Cerro) and 0.81 ((0.73, 0.95), S. Kentucky). This study indicates that 
both Salmonella strains are highly infectious to dairy cattle and that S. Cerro has higher invasion ability 
than S. Kentucky. Because of their long infectious periods and high transmission rates, both Salmonella 
strains are able to sustain high prevalence in the herd.

Infections of dairy cattle with Mycobacterium avium subspecies paratuberculosis: bistability in an 
individual-based framework
Mitchell, R.M.1, Medley, G.F.2, Lu, Z.1 and Schukken, Y.H.1, 1Cornell University, Quality Milk Production 
Services, USA, 2University of Warwick, United Kingdom; rmm37@cornell.edu

Mycobacterium avium subspecies paratuberculosis (MAP) is a endemic pathogen in dairy cattle herds 
worldwide. It is generally suggested that high-shedding adult animals (super-shedders) are predominately 
responsible for transmission events and that these high shedding adults are the main reason for endemic 
MAP stability in herds. However, this assumption has been challenged recently, with research demonstrating 
shedding among calves and experimental calf-to-calf transmission. Using ordinary differential equation 
(ODE) based mathematical models, we showed the a combination of early age-at-infection and a high 
dose-at-infection increased the probability of sustained early shedding. We then showed that this early 
shedding would allow MAP transmission cycles to be sustained even in the absence of high shedding adult 
animals, as it creates a backward bifurcation with two stable MAP prevalence equilibria under specific 
force-of-infection assumptions. We examined these bi-stable prevalence equilibria in [the effect of] an 
individual-based stochastic model (IBM) and ODE-based models which simulate transmission dynamics 
among age-cohorts of dairy cattle on US farms. The IBM incorporate fixed aging parameters and stochastic 
infection dynamics. These individual based models allow a more realistic distribution of exit from infectious 
states, whereas the ODE-based models rely on constant rates of exit. The herd-level outputs of ODE and 
individual based models were compared to the distribution of MAP herd prevalence within the US. A small 
portion of farms maintained a large proportion of shedding adults while the vast majority of farms show a 
low infection prevalence on the majority of farms.
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Using reproductive performance data to evaluate under-reporting during an epizootic
Nusinovici, S., Seegers, H., Beaudeau, F. and Fourichon, C., Oniris, INRA, UMR1300 Biology, epidemiology 
and risk analysis in animal health, France; christine.fourichon@oniris-nantes.fr

Under-detection and under-reporting of cases result in an incomplete description of an epizootic. Reproductive 
data are routinely collected in many herds. Diseases can result in impairment of reproductive performance. 
The objective of this study was to evaluate whether decrease in fertility can highlight the under-reporting 
of cases during an epizootic. The outbreak of bluetongue virus serotype 8 (BTV-8) in France was used 
as a case-study. Variations in fertility were quantified for cows in reported case herds and cows in herds 
with uncertain infectious status (i.e. located in exposed areas and not reported as cases during the 2007 
epizootic), compared to cows in herds unexposed to BTV-8 in 2007. An adjusted Cox model was used to 
model 90 d return to service. An estimated date of putative exposure to BTV-8 was interpolated for cows 
in herds with uncertain BTV-8 status, using a spatial based approach (kriging). The interpolation was based 
on the spatiotemporal dynamic of case herds. Variations in fertility were quantified around the observed 
and estimated date of exposure in case and uncertain BTV-8 status herds, respectively. Decreased fertility 
was evidenced for cows inseminated 6 weeks before to 10 weeks after the observed date of exposure in 
case herds, and 6 weeks before to 8 weeks after the estimated date of exposure in herds with uncertain 
BTV-8 status. Fertility was decreased by 5 and 3 percentage points, respectively. This study suggests that 
reproductive performance data can be used to monitor actual spread of emerging pathogens that affect 
reproductive performance. It provides an innovative method to account for under-reporting while evaluating 
the total burden of an epizootic.

Mathematical modeling of lumpy skin disease virus transmission
Klement, E.1, Magori-Cohen, R.2 and Louzoun, Y.2, 1Hebrew University, Jerusalem, Koret School of 
Veterinary Medicine, Israel, 2Bar Ilan University, Department of Mathematics and Gonda Brain Research 
Center, Israel; eyal.klement@gmail.com

Lumpy skin disease (LSD) is a severe disease of cattle. It is caused by lumpy skin disease virus (LSDV), 
a Poxvirus from the genus Capripox. Previous experiments showed that direct transmission of the virus is 
inefficient. Therefore, it is believed that the virus is mainly transmitted by blood sucking flying insects. It was 
still not clear however what are the most important transmission routes of LSDV during naturally occurring 
outbreaks. We used a mathematical modeling approach in order to answer this question. Data that were 
collected during an outbreak that occurred in a diary farm in Israel during 2006 were used for constructing 
a mathematical model of the various transmission routes of LSDV. The exact time and location of each 
infected cow during the outbreak was documented. Using these data along with previously published data 
on incubation period we simulated the probability of each infected cow to infect its herd-mates by direct 
contact, indirect contact or during milking procedure. The best fit transmission parameters were estimated 
by calculating the model maximum likelihood. Model results indicated that indirect contact was the most 
important transmission route and that its contribution to R0 was more than five times higher than all other 
transmission routes, combined. Sensitivity analysis showed that the model results were highly sensitive to 
the value of the indirect contact parameters but not to the other parameters. Model results were robust to 
various assumptions, regarding incubation period and the extent of sub-clinical infection. It is concluded 
that LSDV is mainly transmitted by indirect contact (which is attributed mainly to blood sucking, flying 
insects). These findings have important implications for the control of LSD.
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Host selection in vector-borne disease transmission: identifying wildlife hosts of tsetse flies
Auty, H.1,2, Picozzi, K.1, Malele, I.3, Cleaveland, S.4 and Welburn, S.1, 1University of Edinburgh, Division 
of Pathway Medicine and Centre for Infectious Disease, United Kingdom, 2SAC, Epidemiology Research 
Unit, United Kingdom, 3Tsetse and Trypanosomiasis Research Institute, Tanzania, 4University of Glasgow, 
Institute of Biodiversity, Animal Health and Comparative Medicine, United Kingdom; 
harriet.auty@sac.ac.uk

The trypanosomes which cause human African trypansomiasis (HAT) can be carried by both livestock and 
wildlife, and are vectored by tsetse flies. Control of disease is particularly challenging in wildlife protected 
areas where trypanosomes circulate in multiple wildlife species as the relative importance of different 
species as reservoirs of disease is not understood. Host choice by vectors is an important factor in a host 
species’ reservoir potential but investigations into tsetse feeding patterns have previously been limited by 
the techniques available, which could often only identify hosts to the level of family (eg Bovidae). New 
molecular techniques now provide an opportunity to identify host species. We analysed blood meal samples 
from over 400 tsetse flies (Glossina swynnertoni and Glossina pallidipes) collected in six different study sites 
in Serengeti National Park, Tanzania and sequenced a cytochrome B fragment to identify host species. In 
each study site host species density was quantified by transect sampling analysed using Distance software. 
These data were used to calculate feeding preference indices for each wildlife species. Results suggested 
that tsetse feed highly selectively, with over 90% of meals identified from warthog, buffalo, elephant or 
giraffe, despite these species having relatively low density. The highest density species were Thomson’s 
gazelle and impala but these species were not identified in blood meals. Quantifying feeding preferences 
improves our understanding of the relative roles of different wildlife species as reservoirs of trypanosomes.

A mixed method approach investigating factors influencing reporting of animal disease among 
smallholders in southern Bolivia
Limon, G.1, Ruiz, H.2, Balanza, M.E.2 and Guitian, J.1, 1Royal Veterinary College, United Kingdom, 
2Prometa, Bolivia; glimon@rvc.ac.uk

The establishment of surveillance systems for animal diseases is particularly challenging in resource-scare 
settings and smallholders are frequently not reached. Mixed methods are a relatively new methodology 
which collect and analyse qualitative and quantitative data; aiming to provide, in combination, a better 
understanding of research problems that either approach alone. An (explanatory) sequential mixed methods 
design was used to identify factors influencing disease reporting and investigate attitudes towards endemic 
and emerging animal diseases among smallholders in southern Bolivia. Quantitative data was collected by 
means of a questionnaire survey using a stratified random sampling. Agro-ecological regions were used as 
strata. The survey was carried out in 240 household. Descriptive statistics were performed and presented 
during communal meetings, where potential explanations of the findings were explored by means of focus 
groups and structured interviews. Qualitative data was managed and analysed using a framework approach, 
where themes were identified and data was systematically indexed and rearranged using matrixes. Result 
from the survey showed that in the event of incursion of an emerging disease, only 20% of smallholders in 
one region, and between 0 and 6% in the remaining regions, acknowledged they would notify veterinary 
services. Between 35 and 86% (depending on the region) were not aware of Veterinary Services visiting 
the community within the last year. Qualitative data revealed that the geographic location and accessibility 
of the community were factors which hindered diseases being reported. Absence of the official veterinary 
services and detachment between government programmes and smallholders’ needs, were the main reasons 
cited for low compliance. The use of mixed methods allowed us to estimate willingness to report among 
smallholders and gives us insights into the possible reasons for hampering disease notification.
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Multi-source analysis reveals latitudinal and altitudinal shifts in range of Ixodes ricinus at its northern 
distribution limit
Jore, S.1, Viljugrein, H.1, Hofshagen, M.1, Brun-Hansen, H.2, Bråthen Kristoffersen, A.1, Nygård, K.3, 
Brun, E.1, Ottesen, P.3, Sævik, K.2 and Ytrehus, B.1, 1Norwegian Veterinary Institute, Health Surveillance, 
Norway, 2Norwegian School of Veterinary Science, Norway, 3Norwegian Institute of Public Health, Norway; 
hildegunn.viljugrein@vetinst.no

There is increasing evidence for a latitudinal and altitudinal shift in the distribution range of Ixodes ricinus. 
Reported incidence of tick-borne disease in humans is on the rise in many European countries and has raised 
political concern and attracted media attention. It is disputed which factors are responsible for these trends, 
though many ascribe shifts in distribution range to climate changes. Any possible climate effect would be 
most easily noticeable close to the tick’s geographical distribution limits. In Norway – being the northern 
limit of this species in Europe – no documentation of changes in range has been published. The objectives 
of this study were to describe the distribution of I. ricinus in Norway and to evaluate if any range shifts 
have occurred relative to historical descriptions. Multiple data sources – such as tick-sighting reports from 
veterinarians, hunters, and the general public – and surveillance of human and animal tick-borne diseases 
were compared to describe the present distribution of I. ricinus in Norway. In order to identify the main 
spatial pattern of tick abundance, a principal component analysis (PCA) was used to obtain a weighted 
mean of four data sources. The weighted mean explained 67% of the variation of the data sources covering 
Norway’s 430 municipalities and was used to depict the present distribution of I. ricinus. To evaluate if any 
geographical range shift has occurred in recent decades, the present distribution was compared to historical 
data from 1943 and 1983. Tick-borne disease and/or observations of I. ricinus was reported in municipalities 
up to an altitude of 583 metres above sea level (MASL) and is now present in coastal municipalities north 
to approximately 69°N.

Determinants of the growth rate of West Nile Virus mosquito vector (Culex pipiens) in north-eastern 
Italy
Mulatti, P.1, Ferguson, H.M.2, Montarsi, F.1, Mazzucato, M.1, Capelli, G.1, Bonfanti, L.1 and Marangon, S.1, 
1Istituto Zooprofilattico Sperimentale delle Venezie, Italy, 2University of Glasgow, Institute of Biodiversity, 
Animal Health and Comparative Medicine, United Kingdom; pmulatti@izsvenezie.it

Since 2008, West Nile virus (WNV) has expanded in several Italian regions and its yearly recurrence 
suggests the possibility for the virus to have become endemic in some areas. The recent expansion of WNV is 
likely due also to increases in the abundance and distribution of potential mosquito vectors as a consequence 
of environmental and demographic changes. However accurate prediction of the further expansion of vector 
populations and their response to control is hampered by poor understanding of the determinants of their 
growth rate. Here we analyzed the seasonal growth dynamics of Culex pipiens, the major WNV vector in 
Italy. Data on mosquito abundance was obtained using CDC-CO2 traps in 43 locations in Veneto region, 
on a bi-weekly basis from May-November 2010. Concurrent measurements of environmental variables 
including temperature and precipitation were recorded at nearby weather stations. A series of population 
growth models were fit to field data to evaluate the strength of evidence for regulation by intrinsic density-
dependent and/or extrinsic environmental factors. Initial comparison of alternative models of density-
dependent and independent growth revealed overwhelming support for the Gompertz-logistc model. This 
density-dependent model explained substantially more variation in C. pipiens population growth rate than 
any environmental factor on its own. Overall, C. pipiens seasonal dynamics were best described in a model 
that included both density-dependent regulation, and independent effects of temperature and number of 
rainy days during the larval development phase. This evidence of density-dependent population indicates 
that the per capita growth potential of C. pipiens populations increases as their numbers fall, potentially 
posing a challenge to control campaigns aiming to suppress and maintain WNV vectors at low density.
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Spatial-temporal analysis of the of the risk of Rift Valley Fever in Kenya
Bett, B., Omolo, A., Hansen, F., Notenbaert, A. and Kemp, S., ILRI, Markets, Kenya; b.bett@cgiar.org

Historical data on Rift Valley Fever (RVF) outbreaks in Kenya covering the period 1951-2010 were analyzed 
using a logistic regression model to identify factors associated with RVF occurrence. The analysis used 
a division as the unit of analysis. The infection status of each division was defined on a monthly time 
scale and used as a dependent variable. Predictors investigated include: monthly precipitation (minimum, 
maximum and total), normalized difference vegetation index, altitude, agro-ecological zone, presence of 
game, livestock and human population densities, the number of times a division has had an outbreak before 
and time interval in months between successive outbreaks (used as a proxy for immunity). Both univariable 
and multivariable analyses were conducted. The models used incorporated an autoregressive correlation 
matrix to account for clustering of observations in time, while spatial smoothing was done using Bayesian 
techniques. Functional relationships between the continuous and the outcome variables were assessed to 
ensure that the linearity assumption was met. Descriptive analyses indicate that a total of 91 divisions in 42 
districts (of the original 69 districts in place by 1999) reported RVF outbreaks at least once over the period. 
The mean interval between outbreaks was determined to be about 43 months. Factors that were positively 
associated with RVF occurrence include increased precipitation, high outbreak interval and the number 
of times a division has been infected or reported an outbreak. The model will be validated and used for 
developing an RVF forecasting system which can then be used with the existing regional RVF prediction 
tools such as GLEWS to downscale RVF risk predictions to country-specific scales and subsequently link 
them with decision support systems. The ultimate aim is to increase the capacity of the national institutions 
to formulate appropriate RVF mitigation measures.

Persistence of Rift Valley fever virus in East Africa
Gachohi, J.M.1,2, Hansen, F.2, Bett, B.2 and Kitala, P.M.3, 1Kenya Agricultural Research Institute – 
Trypanosomiasis Research Centre, Kenya, 2International Livestock Research Institute (ILRI), Kenya, 
3University of Nairobi, College of Agriculture and Veterinary Sciences, Kenya; j.gachohi@cgiar.org

Rift Valley fever virus (RVFv) is a mosquito-borne pathogen of livestock, wildlife and humans that causes 
severe outbreaks in intervals of several years. One of the open questions is how the virus persists between 
outbreaks. We developed a spatially-explicit, individual-based simulation model of the RVFv transmission 
dynamics to investigate this question. The model, is based on livestock and mosquito population dynamics. 
Spatial aspects are explicitly represented by a set of grid cells that represent mosquito breeding sites. A grid 
cell measures 500×500 m and the model considers a grid of 100×100 grid cells; the model thus operates on 
the regional scale of 2,500 km2. Livestock herds move between grid cells, and provide connectivity between 
the cells. The model is used to explore the spatio-temporal dynamics of RVFv persistence in absence of a 
wildlife reservoir in an east African semi-arid context. Specifically, the model assesses the importance of 
local virus persistence in mosquito breeding sites relative to global virus persistence mitigated by movement 
of hosts. Local persistence is determined by the length of time the virus remains in a mosquito breeding 
site once introduced. In the model, this is a function of the number of mosquitoes that emerge infected and 
their lifespan. Global persistence is determined by the level of connectivity between isolated grid cells. Our 
work gives insights into the ecological and epidemiological conditions under which RVFv persists. The 
implication for disease surveillance and management are discussed.
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An outbreak of arboviral disease in Australia: are horses now at risk?
Roche, S.E., Garner, M.G., Wicks, R. and East, I.J., Department of Agriculture, Fisheries, and Forestry, 
Australia; sharon.roche@daff.gov.au

Australia has a number of arboviruses of animal and public health importance. In 2011, there was a major 
epidemic of equine encephalitis associated with three Australian mosquito-borne arboviruses: Murray Valley 
encephalitis virus, Kunjin virus (KUNV) and Ross River Fever virus. It is thought that the epidemic was 
largely driven by heavy rainfall and unusual weather events that resulted in significant increases in mosquito 
and wild bird populations. An unusual feature of this outbreak was the paucity of human KUNV cases in 
areas of intense viral activity. The unprecedented number of equine encephalitis cases led to nationally-
coordinated reporting and an epidemiological assessment of the situation by animal health authorities. 
Reports began in February 2011, peaked by March and April and significantly declined by the end of May 
2011 as temperatures dropped and mosquito numbers fell. In total, there were 745 cases of encephalitis 
reported nationally, with a case fatality rate of 11%. The majority of cases were reported from the south 
east of Australia, and in particular from the states of Victoria and New South Wales. A large number of the 
cases were associated with infection with KUNV, and sequence analysis of KUNV isolates suggest a more 
virulent strain has emerged. Unlike the West Nile outbreaks in the United States in 1999, disease was not 
seen in wild birds over the course of the epidemic. The outbreak raises a number of important questions. 
Will activity of these viruses become a seasonal event or will similar ‘extreme’ weather events be needed for 
future outbreaks? What level of immunity exists in horse populations? In the future, is there a risk of disease 
spill-over into human or wild bird populations? These uncertainties highlight the importance of horse owners 
and policy makers being vigilant over coming seasons and raises the issue of using preventive vaccine for 
KUNV in horses. In this context, West Nile vaccines are being considered for registration in Australia.

Calculation of the transmission potential of Rift Valley fever virus among livestock in the Netherlands
Fischer, E.A.J., Boender, G.J., Nodelijk, H.A., De Koeijer, A.A. and Van Roermund, H.J.W., Central Veterinary 
Institute, part of Wageningen UR, Epidemiology, Crisis organisation and Diagnostics, Netherlands; 
egil.fischer@wur.nl

Rift Valley fever virus (RVFV) is a zoonotic vector-borne infection and causes a potentially severe disease. 
Many mammals are susceptible to infection including important livestock species. Although currently 
confined to Africa and the near-East, this disease causes concern in countries in temperate climates where 
both hosts and vectors are present, such as the Netherlands. Currently, an assessment of the probability of 
an outbreak occurring in the Netherlands is missing. To evaluate the transmission potential of RVFV in the 
Netherlands, a mathematical model was developed and used to determine the initial and long term epidemic 
growth rate, which are indicators of the probability of an outbreak and of persistence. Several areas of the 
Netherlands have a high transmission potential and risk of persistence of the infection. Counter-intuitively, 
these are the sparsely populated livestock areas, due to the high vector-host ratios in these areas. Culex 
pipiens s.l. is found to be the main driver of the spread and persistence, because it is by far the most abundant 
mosquito. Stable flies are likely to be able to be the sole vector sustaining a local outbreak. The presence 
of deer can either reduce or enhance an outbreak, depending on their unknown susceptibility to RVFV. Our 
investigation underscores the importance to determine the vector competence for RVFV of blood feeding 
insects mostly associated with cattle, sheep and goat, i.e. mosquito species and the stable fly. Furthermore, 
it is necessary to determine the susceptibility of deer for RVFV to improve the risk assessment of nature 
reserves.
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FMD Asia-1 vaccine effectiveness in Turkey
Knight-Jones, T.J.D.1,2, Bulut, N.3, Fine, P.E.M.1, Gubbins, S.2, Sumption, K.4 and Paton, D.J.2, 1London 
School of Hygiene & Tropical Medicine, United Kingdom, 2Institute for Animal Health, United Kingdom, 
3SAP Institute, Turkey, 4EuFMD, FAO, Italy; theodore.knight-jones@iah.ac.uk

Vaccine effectiveness (VE) is the reduction in incidence in vaccinated animals compared to similarly 
exposed unvaccinated animals in the field [1-Rv/Rnv, where Rv and Rnv are incidence in vaccinated 
and unvaccinated animals respectively]. It depends on various factors including vaccine quality, vaccine 
matching, number of doses, time since last dose, prior infection and vaccine delivery. In 2011, Foot and 
Mouth Disease (FMD) Asia-1 serotype was detected in Turkey for the first time in nearly ten years. Many 
livestock in Turkey were immunologically naïve to this serotype, lacking prior exposure or vaccination. 
In contrast, infection and vaccination with serotypes O and A have been widespread. In January 2012, an 
FMD Asia-1 outbreak was investigated in Afyon, Turkey to assess the effectiveness of a new vaccine based 
on the 2011 Turkish FMD Asia-1 field strain (Group I) which was used in October 2011. No animals had 
received more than one dose of this vaccine. The two outbreak villages consisted of many small herds of 
mixed dairy-beef cattle which were housed at the time of the outbreak. 229 cattle were selected by systematic 
sampling. Vaccination and FMD status were ascertained from the owner. FMD status was also assessed by 
clinical examination. In affected barns, cumulative incidence of clinical FMD amongst vaccinated cattle 
was 9/63=14% compared to 53/101=52% in other cattle. Unadjusted VE of the Asia-1 Group I vaccine 
was 73% [95% confidence interval (CI)=54%-84%], the same data as an unadjusted odds ratio (OR) gives 
OR: 0.15 [95%CI=0.06-0.35]. After controlling for age and sex this protective vaccine effect was OR=0.09 
[95%CI=0.02-0.43]. Only 44% of examined animals were reported to have been vaccinated during the last 
vaccination campaign. The new vaccine appeared to be highly effective under these circumstances.

Risk factors for foot-and-mouth disease in Tanzania, 2001-2006
Allepuz, A.1, Stevenson, M.2, Kivaria, F.3, Berkvens, D.4, Casal, J.1 and Picado, A.1, 1Centre de Recerca 
en Sanitat Animal (CReSA) / Universitat Autònoma de Barcelona, Spain, 2Institute of Veterinary, Animal, 
and Biomedical Sciences, EpiCentre, New Zealand, 3Ministry of Livestock and Fisheries Development, 
National Epidemiology Section, Tanzania, 4Institute of Tropical Medicine, Biomedical Science Department, 
Belgium; alberto.allepuz@uab.cat

The objective of this study was to develop a model to quantify the effect of factors influencing the spatio-
temporal distribution of FMD in Tanzania. Reported clinical cases of FMD for the period January 2001 
to December 2006 was obtained from the Tanzanian Ministry of Livestock and Fisheries Development. 
Tanzania was divided into a regular grid of 20×20 km cells and the study outcome defined as the presence 
of at least one FMD-positive village within each cell. A mixed-effects Bayesian logistic regression model 
was developed to quantify the association between FMD presence and human population density as well 
as distance to major roads, railway lines, wildlife parks and international borders. For every year 10 km 
increases in the distance from a major road decreased the odds of FMD by a factor of 0.73 to 0.83. Similar 
associations were identified for railway lines (OR 0.92 to 0.99) and international borders (OR 0.93 to 0.99). 
Ten km increases in distance from a national park decreased FMD risk from 2001 to 2003 (OR 0.84 to 1.00) 
but increased the risk from 2004 to 2006 (OR 1.04 to 1.08). Ten thousand unit increases in human population 
density increased the odds of FMD in all years except 2005 (OR 1.03 to 1.14). The spatial distribution of 
FMD risk was variable and corresponded to endemic (2001, 2002 and 2005) and epidemic (2003, 2004 and 
2006) periods. Roads were an important determinant of FMD risk in both phases. These results support the 
hypothesis that FMD occurrence in Tanzania is more related to animal movement and human activity via 
communication networks than trans-boundary movements or contact with wildlife.

Session 47 Theatre 2

Session 47 Theatre 1



ISVEE – Book of Abstracts 2012 125

Assessment of the possible maintenance of FMDV in wildlife in Thrace
Dhollander, S.1, Thulke, H.H.2, Salman, M.D.3, Lange, M.2, Khomenko, S.4, Belsham, G.J.1,5, Depner, K.6, 
Alexandrov, T.4, Ozyoruk, F.7, Chondrokouki, E.8, Zancanaro, G.1, Willgert, K.1 and Bøtner, A.5, 1European 
Food Safety Authority, Italy, 2Helmholtz Centre for Environmental Research, Germany, 3Colorado State 
University, Fort Collins, USA, 4Food and Agriculture Organization of the United Nations, Italy, 5Technical 
University of Denmark, Denmark, 6Friedrich Loeffler Institut, Germany, 7Foot and Mouth Disease Institute, 
Turkey, 8Foot and Mouth Disease Institute, Greece; sofie.dhollander@efsa.europa.eu

Following the outbreaks of foot-and-mouth disease (FMD) in Bulgaria in 2011, the European Food Safety 
Authority was requested by the Bulgarian Food Safety Authority – Risk Assessment Centre and the European 
Commission to assess the role of wildlife in the Epidemiology of FMD in Thrace. There are several potential 
risk factors that are associated with both introduction and spread of the foot-and-mouth disease virus 
(FMDV) in the region. The most important of these factors are related to biosecurity, movement of animals 
and animal products (both domestic and wild life), animal density access by animals of food waste (in landfill 
sites) and the use and efficiency of vaccination programs. In addition, the interaction between these risk 
factors needs to be considered. This assessment focused on the potential maintenance of FMDV once it is 
introduced into a susceptible wild boar and deer population. The assessment was based on three aspects: (1) a 
systematic literature review looking at experimental studies to determine FMDV infection dynamics in deer 
and wild boar, as well as observational studies assessing the occurrence of FMD in wild deer and wild boar 
populations; (2) a dynamic, spatially explicit, individual-based eco- epidemiological model, mimicking the 
potential host-to-host spread of FMDV given its introduction; (3) the currently available surveillance data 
of wild boar and deer in Bulgaria and Turkey. Conclusions based on the systematic literature review, the 
output of the simulation model and the surveillance data in wildlife in Bulgaria and Turkey are presented.

Relevance of seasonal drivers for an ongoing outbreak of foot-and-mouth disease
Lange, M.1, Kramer-Schadt, S.2 and Thulke, H.-H.1, 1Helmholtz Centre for Environmental Research – UFZ, 
Dept. Ecological Modelling, Germany, 2Leibniz Institute for Zoo and Wildlife Research, Germany; 
martin.lange@ufz.de

Foot-and-mouth disease (FMD) is contagious between cloven-hoofed animals and had huge economic 
impact on livestock industries. Recent outbreaks in Mediterranean regions as well as subsequent transmission 
experiment indicate that FMD may spread well in wildlife populations. We investigated the impact of two 
seasonal mechanisms on the duration of virus circulation: half-life of infectious material in the environment 
and annual timing of host reproduction. Infection through contaminated environment may cause inter- 
and intra-species transmission of FMD. Temperature dependent decay of infectiousness of contaminated 
environment is well demonstrated, which induces seasonal variations in half-life. Data on reproduction 
ecology of wild boar and deer exhibit strict seasonality with majority of new-borns occurring in late spring 
or early summer. We present a new method to model transmission of the infection between species and 
social groups that don’t share physical contact, by making excretion and intake of infectious material via 
the environment explicit. We parameterized an individual-based multi-species FMD model with data on 
disease courses, transmission, environmental infectiousness, temperature, host habitat and reproduction 
in the study region. The model accounts for social host behaviour and FMD epidemiology on the level of 
individual traits. We found seasonal decay crucial for the circulation and the distance spread of the infection, 
when compared to constant mean half-live. A pulsed availability of susceptible offspring could partially 
compensate for the detrimental effect of seasonal half-life. The affected eco-region was found ideally 
equipped by its particularly timed host reproduction ecology and annual temperature to maintain FMDV 
circulation. Nevertheless the potential to transit to an endemic situation was found very limited.

Session 47 Theatre 4

Session 47 Theatre 3



126 ISVEE – Book of Abstracts 2012

Effects of repeated cases of clinical mastitis due to different pathogens on milk yield in New York 
Holstein cows
Hertl, J.1, Schukken, Y.1, Tauer, L.2 and Grohn, Y.1, 1Cornell University, College of Veterinary Medicine, 
USA, 2Cornell University, College of Agriculture and Life Sciences, USA; jah12@cornell.edu

The objective of this study was to estimate, within a lactation, the effects of repeated cases of clinical mastitis 
(CM) due to different pathogens on milk yield in 17,265 primiparous and 27,666 multiparous lactations 
in 5 New York Holstein herds. Separate mixed linear models for primipara and multipara were fitted. The 
outcome was mean daily milk yield within a particular week of lactation. Herd was a random effect. Week 
within lactation was a repeated effect. In both models, fixed effects included week within lactation, calving 
season, retained placenta, displaced abomasum, and CM due to Streptococcus spp., Staphylococcus aureus, 
Staphylococcus spp., Escherichia coli, Klebsiella spp., and ‘no important growth’. For primipara, they also 
included metritis and ketosis. For multipara, they also included parity and CM due to Arcanobacterium 
pyogenes. Up to 3 CM cases were modeled per lactation. A separate index for each CM type was created, 
denoting when milk weights were measured in relation to occurrence of that type and case number (first, 
second, third) of CM: free of CM; ≥3 weeks before first CM; 2 wk before first CM; one week before first 
CM; week of first CM; 2 wk after first CM; 3 wk after first CM; …8 wk after first CM; ≥9 wk after first 
CM; and the same intervals for a second or third case. Cows with CM produced more milk before onset 
than did non-CM cows. Patterns of milk loss varied by pathogen and case number. In primipara, milk loss 
was generally greatest following a third case. E. coli was associated with the greatest milk loss overall; 
Staphylococcus spp. was associated with a gain. In multipara, milk loss was generally greatest following 
a second case. Arcanobacterium pyogenes was associated with the greatest milk loss overall. The study 
findings will help dairy farmers to better assess the impact of CM cases on milk yield.

Patterns and household implications of foot-and-mouth disease in rural Tanzanian communities
Lembo, T.1, Auty, H.1, Fyumagwa, R.2, Haydon, D.1, Hoare, R.2, Kamani, E.3, Kasanga, C.3, Kazwala, R.3, 
King, D.4, Knight-Jones, T.4, Knowles, N.4, Marsh, T.5, Mshanga, D.6, Parekh, K.4, Parida, S.4, Paton, D.4, 
Reeve, R.1, Yoder, J.5 and Cleaveland, S.1, 1University of Glasgow, United Kingdom, 2Tanzania Wildlife 
Research Institute, Tanzania, 3Sokoine University of Agriculture, Tanzania, 4Institute for Animal Health-
Pirbright, United Kingdom, 5Washington State University, USA, 6Veterinary Investigation Centre, Tanzania; 
Tiziana.Lembo@glasgow.ac.uk

Foot-and-mouth disease (FMD) is one of the world’s most important livestock diseases, yet very little 
is known about its epidemiology and socio-economic impacts in endemic settings, where the disease 
affects communities heavily reliant upon livestock production. Key questions relate to the spatio-temporal 
distribution of FMD strains needed to inform vaccine selection, and the role of buffalo in endemic disease. 
Infection patterns were examined through cross-sectional studies in protected ecosystems in northern 
Tanzania, including questionnaires to quantify socio-economic impact. Seroprevalences and probang 
PCR-positivity varied among ecosystems, with high levels of exposure in livestock in pastoralist and agro-
pastoralist communities (66.3% seropositive; 6.1% PCR positive), and lower rates in peri-urban livestock 
systems (33.5% seropositive; 1.4% PCR positive). Prevalence in buffaloes was high (82.0% seropositive; 
35.3% PCR positive), with only a low seroprevalence detected in non-buffalo species (4.3%). Among 
livestock-keepers FMD was ranked amongst the most important diseases. In high prevalence areas, multiple 
outbreaks were reported each year in many herds, with considerable impacts on herd productivity. SAT-2 
viruses isolated from livestock outbreaks across three ecosystems were closely related, suggesting that 
livestock contact patterns are likely to be important in understanding the source of outbreaks and spread 
of disease. This study supports evidence that FMD is very prevalent in rural African communities and has 
important consequences for rural livelihoods.
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Is routine antibiotic treatment at dry-off necessary to maintain good udder health?
Rajala-Schultz, P.J.1 and Degraves, F.J.2, 1The Ohio State University, Veterinary Preventive Medicine, 
USA, 2Western Kentucky University, Department of Agriculture, USA; paivi.rajala-schultz@cvm.osu.edu

Importance of dry cow management in maintaining good udder health has long been recognized and 
antibiotic dry cow therapy (DCT) is a cornerstone in most mastitis control programs. Routine antibiotic 
treatment of all quarters of all cows at the end of lactation (so called blanket DCT) is practiced in many 
countries. In recent years, however, largely due to global concerns over agricultural use of antimicrobial 
drugs and development of antimicrobial resistance, selective DCT has received increasing attention. The 
objective of our research has been to identify and develop cost-effective management practices that will 
promote animal health and welfare, improve milk quality and udder health, and enhance sustainability 
of the dairy industry. More specifically, we have evaluated the impact of milk yield level at dry-off on 
infection status at calving and the impact of selective treatment of cows at dry-off on milk quality and 
milk production of cows in Ohio dairies. Presumably uninfected, low-SCC cows were randomly assigned 
to receive or not to receive antibiotic treatment at dry-off. Our results suggest that in general, SCC or milk 
production during the following lactation did not significantly differ between the treated and untreated low 
SCC cows. Results, however, varied considerably between farms, indicating that some herds may benefit 
from blanket DCT while others can maintain good udder health with selective treatment. Additionally, our 
results indicate that uninfected quarters of high yielding cows at dry-off are at significantly higher odds of 
becoming infected during the dry period than those of lower producing cows. We conclude that good udder 
health can be maintained without routine treatment of healthy cows at dry-off, but advice to dairy producers 
should be herd-specific and that lowering milk yield prior to cessation of milking may play an important 
role in decreasing the risk of infections during the dry period.

Somatic cell count in early lactation and culling in Irish dairy heifers
Archer, S.C.1,2, Buckley, F.1, Mc Coy, F.1, Wapenaar, W.2 and Green, M.J.2, 1Animal and Grassland Research 
and Innovation Centre, Teagasc, Ireland, 2University of Nottingham, School of Veterinary Medicine and 
Science, United Kingdom; svxsa@nottingham.ac.uk

Culling is an important component of mastitis costs, and increased somatic cell count (SCC) early in the first 
lactation has been reported as a risk factor. The aim of this research was to assess the association between 
SCC of primiparous cows at 5 to 30 days in milk (SCC1), and the risk of culling cows in Irish dairy herds. 
A Bayesian approach was taken such that posterior predictions could be used to evaluate results on useful, 
intuitive scales. The dataset used for model development contained 147,458 records from 7,537 cows in 
812 herds. A separate dataset was used for cross validation, which contained 144,113 records from 7,353 
cows in 808 herds. Cows were censored at their last recording, if identified at a later date in other herds, 
or if recorded at the last test date for their herd. Otherwise, culling was assumed at the last recording for 
each cow. Survival time was taken as the number of days between the dates of first calving and the last 
recording, and was split into 50 day intervals. Data were analysed in discrete time logistic survival models 
that accounted for clustering of intervals within cows, and cows within herds. Model fit was assessed by 
comparison of posterior predictions to the observed data. The odds of culling in each interval from first 
calving, increased by a factor of 5%, per unit increase in log SCC1 above the mean. Despite this, when all 
possible variability was included in posterior predictions, risk of culling over 5 years for 1,000 simulated 
cows did not vary with SCC1. This suggests that in terms of culling, the impact of SCC1 in most Irish herds 
is of insufficient economic importance to justify investment in interventions to control mastitis pre-partum.
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Farmers’ participation in herd health systems affects their behaviour concerning treatment of clinical 
mastitis
Lind, A.1, Thomsen, P.T.2, Ersbøll, A.K.3 and Houe, H.1, 1Univ. of Copenhagen, Dept. of Large Animal 
Sciences, Denmark, 2Dept. of Animal Science, Aarhus Univ., Denmark, 3National Institute of Public Health, 
Univ. of Southern Denmark, Denmark; Ann-Kristina.Lind@slu.se

In Denmark, it has recently become mandatory for all dairy herds with more than 100 cows to sign up for 
a herd health contract. Three different herd health contract systems with different characteristics regarding 
frequency of veterinary visits and the farmer’s access to medication exist. The objective of this study was to 
investigate if dairy farmers have different behavioural intention to start treatment the same day as noting a 
mild clinical mastitis depending on their choice of herd health contract. A questionnaire survey was carried 
out based on the Theory of Planned Behaviour. The theory assumes that behavioural intention is correlated 
to the actual performance of the behaviour. Three psychological constructs determine the behavioural 
intention; attitude, subjective norm and perceived behavioural control. Each of these constructs is decided 
by a set of beliefs, which are evaluations of (1) how desirable the outcome of performing the behaviour 
is; (2) what others think of the behaviour; and (3) the person’s power to influence his or her behaviour. 
A set of statements about treatment of mild clinical mastitis was identified based on interviews with 38 
dairy farmers, rephrased to questions and distributed to 400 randomly sampled Danish dairy farmers with 
either Core or Module 1 herd health agreement and all 669 farmers with Module2 (response rate 64 and 
60%). The association between intention and herd health contract were modelled using logistic analysis. 
We found significant differences in behavioural intention (F=4.1; P=0.0435) to perform the behaviour of 
interest depending on which herd health contract the farmer participated in. Attitude explained most of the 
variability in behavioural intention. The most important drivers were to get a quick recovery of the cow, to 
prevent three-teated cows and reduced milk yield.

Accuracy of composite somatic cell count to detect subclinical mastitis using latent class analysis
Vissio, C.1, Richardet, M.1, Bonetto, C.C.2, Odierno, L.M.1 and Larriestra, A.J.1, 1Universidad Nacional 
de Río Cuarto, Argentina, 2Universidad Nacional de Villa María, Argentina; cvissio@ayv.unrc.edu.ar

The aims of the present research has been the evaluation of the composite somatic cell count (CSCC) 
validity to detect intramamary infections (IMI) considering that microbiologic culture is not a perfect 
test. Sensitivity (Se) and specificity (Sp) were estimated using latent class methods. One hundred seventy 
five Holstein cows from 2 dairies with different mastitis prevalence, was the study population. The two 
tests evaluated were CSCC at thresholds of 200,000 cells/ml and bacteriological culture. A quarter was 
considered infected when at least one major pathogen (Staphylococcus aureus, Streptococcus agalactiae, 
Enterobacteria, Environmental streptococci and Pseudomonas spp.) was isolated. A cow was defined 
as infected when at least one quarter was infected (parallel interpretation). Bayesian estimation using a 
Gibbs sampler in WinBUGs was utilized to estimate the parameters of both tests. The model stability was 
assessed using different CSCC prior distribution and the correlation of both tests was also evaluated. The 
estimated Se and Sp for the CSCC at cut-off 200,000 cells/ml was 0.70 (CI 95% 0.62, 0.79) and 0.67 (CI 
95% 0.56, 0.78), respectively. The estimated Se and Sp for microbiologic culture was 0.83 (CI 95% 0.74, 
0.9) and 0.87(CI 95% 0.73, 0.97), respectively. To our knowledge this is the first report of CSCC Se and 
Sp considering microbiologic culture as non-perfect test, therefore the Se and Sp estimates would be less 
bias. These results will help to improve the estimation of the IMI predictive value when CSCC is being 
used as udder health monitoring tool.
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Estimating the non-monetary burden of neurocysticercosis in Mexico
Bhattarai, R.1, Budke, C.M.1, Carabin, H.2, Proaño, J.V.3, Flores-Rivera, J.4, Corona, T.4, Ivanek, R.1, 
Snowden, K.F.5 and Flisser, A.6, 1Texas A&M University, Veterinary Integrative Biosciences, USA, 
2University of Oklahoma Health Sciences Center, Biostatistics and Epidemiology, USA, 3Hospital de 
Especialidades, Centro Médico Nacional Siglo XXI, Instituto Mexicano del Seguro Social, Mexico, 4Clinical 
Laboratory of Neurodegenerative Diseases, National Institute of Neurology and Neurosurgery, Mexico, 
5Texas A&M University, Veterinary Pathobiology, USA, 6Facultad de Medicina, Universidad Nacional 
Autónoma de México, Mexico; CBudke@cvm.tamu.edu

Neurocysticercosis (NCC) is a major public health problem in many developing countries where health 
education, sanitation and meat inspection infrastructure are insufficient. Although NCC is endemic in many 
areas of the world and is associated with considerable socio-economic losses, very few studies have been 
conducted to evaluate the burden of NCC and there are no estimates from Mexico. Disability Adjusted Life 
Years (DALYs) lost for clinical cases of NCC in Mexico were estimated by incorporating morbidity and 
mortality due to NCC-associated epilepsy, and morbidity due to NCC-associated severe chronic headaches. 
Latin hypercube sampling methods were employed to sample the distributions of uncertain parameters and 
to estimate 95% credible regions (95% CRs). In Mexico, 144,433 and 98,520 individuals were estimated to 
suffer from NCC-associated epilepsy and NCC-associated severe chronic headaches, respectively. A total 
of 25,341 (95% CR: 12,569-46,640) DALYs were estimated to be lost due to these clinical manifestations, 
with 0.25 (95% CR: 0.12-0.46) DALY lost per thousand person-years of which 90% was due to NCC-
associated epilepsy. This is the first estimate of DALYs associated with NCC in Mexico. However, this 
value is likely to be underestimated since only the clinical manifestations of epilepsy and severe chronic 
headaches were included.

Cost benefit analysis of the Swedish Salmonella control program
Sundström, K.1, Ivarsson, S.2, Sternberg Lewerin, S.3 and Wahlström, H.4, 1Lund University, Institute 
for Food and Agricultural Economics, Sweden, 2Swedish Institute for Communicable Disease Control, 
Department of preparedness, Sweden, 3Swedish University of Agricultural Sciences, Department of 
biomedical sciences and veterinary public health, Sweden, 4National Veterinary Institute, Zoonosis Center, 
Sweden; helene.wahlstrom@sva.se

Food producing animals delivered to slaughter in Sweden are virtually free from Salmonella. In 2011 a 
governmental commission suggested that an increased part of the costs of the control should be paid by the 
producers. Such increased costs may affect the design of the control program and therefore a preliminary 
cost benefit analysis was performed to evaluate the effect if the Swedish control would be relaxed so that 
the situation became comparable to the situation in Denmark or the Netherlands. The costs for the present 
control program including costs for feed control in Sweden, Denmark and the Netherlands were summarized 
for the countries respectively. Then the expected cost for an alternative Swedish control was calculated, i.e. 
the costs if a control similar to the programs in Denmark or the Netherlands was implemented in Sweden. 
Finally the increased costs for the Swedish program compared to the alternative programs were calculated. 
The benefits were the avoidance of the expected increase in the number of human Salmonella cases in 
Sweden if either of the two alternative control programs were implemented. The expected increase of 
reported cases was calculated in three different ways using data from three types of studies: sero-incidence 
studies, source attribution studies and travel data studies. The true number of cases was estimated by 
assessing the magnitude of the underreporting errors. Finally the economic impact of the increased number 
of cases, including direct costs, indirect costs and costs for life-years lost, was calculated for the different 
scenarios. The benefits never exceed the costs that would occur if an alternative control was implemented 
in Sweden. Strengths and weaknesses of the study will be discussed.
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The monetary burden of cystic echinococcosis in Iran
Budke, C.M.1, Fasihi Harandi, M.2,3 and Rostami, S.2, 1Texas A&M University, Veterinary Integrative 
Biosciences, USA, 2Kerman University of Medical Sciences, Department of Parasitology, Iran, 3Kerman 
University of Medical Sciences, Research Center for Modeling in Health, Iran; CBudke@cvm.tamu.edu

Cystic echinococcosis (CE) is a globally distributed parasitic infection of humans and livestock. The 
disease is of significant medical and economic importance in many developing countries, including Iran. 
However, the socioeconomic impact of the disease, in most endemic countries, is not fully understood. The 
purpose of the present study was to determine the monetary burden of CE in Iran. Epidemiological data, 
including prevalence and incidence of CE in humans and animals, were obtained from scientific literature 
and as well as official government reports. Economic data relating to human and animal disease, including 
cost of treatment, productivity losses, and livestock production losses were obtained from official national 
and international datasets. Monte Carlo simulation methods were used to represent uncertainty in input 
parameters. The overall annual cost of CE in Iran was estimated at over US$200 million, including both 
direct and indirect costs. CE has a considerable economic impact on Iran, with the cost of the disease 
estimated to be approximately 0.03% of the country’s gross domestic product. Establishment of a CE 
surveillance system and implementation of a control program are necessary to reduce the economic burden 
of CE on the country. Cost-benefit analysis of different control programs is recommended, incorporating 
present knowledge of the economic losses due to CE in Iran.

Assessing the costs versus the effectiveness of dioxin monitoring in bulk milk
Lascano Alcoser, V.H.1, Velthuis, A.G.J.1, Van Der Fels-Klerx, H.J.2, Hoogenboom, L.A.P.2 and Oude 
Lansink, A.G.J.M.1, 1Wageningen University, Netherlands, 2RIKILT-Institue of Food Safety, Netherlands; 
victorhugo.lascanoalcoser@wur.nl

Dioxins are environmental pollutants present in the agri-food chains. The negative consequences associated 
with their presence in food are not only related to human health but also to the food businesses operators 
embedded in the food chains. Food and feed dioxin-monitoring programs aiming to detect, control and reduce 
the presence of dioxins in food chains have been implemented. However, to date, the costs and effectiveness 
of such programs have not been assessed. This study aims to quantify the costs and effectiveness of bulk 
milk dioxin monitoring to optimize the sampling and pooling strategies for a selected set of contamination 
scenarios. Two different optimization models were built using a linear programming methodology. The 
first model aims to minimize the monitoring costs subject to a minimum required effectiveness, while the 
second model aims to maximize the effectiveness of monitoring for a given monitoring budget. This study 
shows that a higher level of effectiveness is possible but at higher costs. Monitoring with 95% effectiveness 
aiming to detect a single contaminated farm with a tank milk concentration equal to the EC legal action 
level (i.e. 2 pg TEQ/g fat) would cost €2.6 million per month. A large reduction in monitoring costs (at the 
same level of effectiveness) is possible at intermediate incident sizes (i.e. 73% reduction when two farms are 
contaminated at 3 pg TEQ/g fat), which is close to the smallest incident aimed to be detected. Both models 
enable the analysis of the costs and the effectiveness of bulk milk dioxin monitoring programs, offering 
quantitative support to risk managers of the food industry and the food safety authority. Additionally, this 
study proves that the effectiveness of monitoring depends not only on the performance of the detection tests 
but also on the number of samples collected.

Session 49 Theatre 4

Session 49 Theatre 3



ISVEE – Book of Abstracts 2012 131

The impact of functional forms of the force of infection on the coexistence of two competing strains 
with complete cross-immunity in a population
Lu, Z.1, Mitchell, R.1, Schukken, Y.1, Medley, G.2, Heuer, C.3 and Grohn, Y.1, 1Cornell University, Department 
of Population Medicine and Diagnostic Sciences, College of Veterinary Medicine, USA, 2University of 
Warwick, School of Life Sciences, United Kingdom, 3Massey University, EpiCentre, New Zealand; 
zhaolu@cornell.edu

In the area of modeling infectious disease spread in a population, an important consideration is to select 
an appropriate functional form of the force of infection that is determined by transmission routes, either 
through close contact or through a contaminated environment. This study aimed to investigate the impacts of 
different functional forms of the force of infection on the coexistence of two competing strains of the same 
micro organism with complete cross-immunity in a population using a mathematical modeling approach. 
We constructed a simple compartmental model of two competing strains with complete cross-immunity 
and examined four types of functional forms of the force of infection including a linear form (assumed to 
act through close animal to animal contact), an exponential form (assumed to act through contact with a 
contaminated environment), and Holling’s type II and III (also through a contaminated environment). The 
model was described by a system of nonlinear ordinary differential equations and was numerically solved for 
these four types of force of infection. The results demonstrate that coexistence of two competing strains with 
complete cross-immunity is possible for environment transmission even if their basic reproduction ratios 
are different and both basic reproduction ratios are greater than the threshold value of 1. It is important to 
note that for the conventionally used linear form of the force infection, only the strain with the larger basic 
reproduction ratio will eventually survive and co-existence is not an option. We explain our unusual results 
for coexistence of the two-strain competition model, and further discuss potential ranges of biologically 
relevant parameter values for two-strain coexistence in farm animal populations.

Value of adding nurses to veterinary teams for health communication about zoonotic bovine brucellosis
Woods, P., UFG Consult/ VEERU, Zimbabwe; pwoods2@hotmail.com

Bovine brucellosis has been a re-emerging zoonoses amongst small-scale farmers in Zimbabwe since 
2001 when Government veterinary services discontinued free vaccinations due to financial constraints. 
Following land invasions where uncontrolled movement of cattle led to Brucella-positive cattle entering 
naive herds, abortions were reported although the cause was unknown. This project hypothesised that 
increasing communities’ knowledge about severity of and susceptibility to brucellosis would lead to calf 
vaccination and adoption of safe milk practices. Initially we formed veterinary teams who conducted health 
education sessions for farmer groups through a dairy cooperative network. This led to large, significant 
increases in awareness and improved payment for calf vaccination. However, although an increase in 
knowledge about the dangers of consuming raw milk was recorded, there were no corresponding behaviour 
changes. Only 5% of all the households sampled boiled milk before consumption with a significantly 
lower percentage of ‘knowledgeable’ farmers who consumed raw milk compared to the ‘Unaware of 
Brucellosis’ group (27% and 48% respectively). Despite the intervention, some farmers were still not 
making informed choices to decrease the risk of their livestock or families being exposed and infected 
with brucellosis. We added nurses and environmental health technicians to the education teams. This led 
to improved information dissemination, an increase in knowledge and boiling milk behaviour. Follow-up 
household interviews (n=170) recorded calf vaccination rates further increased and more free serological 
tests requested. The first human cases were detected in the district. More women attended the nurses’ talks 
than previously where mostly men attended the veterinary talks. The cross-disciplinary teams were more 
effective in health communication and subsequent behaviour changes. This project provides evidence and 
recommendations for future community-directed zoonosis control when farmers are required to participate 
and pay for any procedures.
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Modeling of Mycobacterium avium subsp. paratuberculosis in farm bulk tank milk
Okura, H., Nielsen, S.S. and Toft, N., University of Copenhagen, Department of Large Animal Sciences, 
Denmark; ssn@life.ku.dk

Mycobacterium avium subsp. paratuberculosis (MAP) in milk of bovine origin is suspected of being 
implicated Crohn’s disease in humans. Pasteurization is considered to reduce the concentration of MAP by 
at least 4 to 5 log10. This study aimed at estimating the level of MAP in milk at farm level and simulating 
the effect of different control options at different infection prevalences. The concentration of MAP in milk 
was estimated using a hierarchical simulation model representing individual cows in a herd while taking 
both direct and indirect contamination with MAP into account. Parameters included true within-herd 
infection prevalences with cows in different infection stages, which were used to estimate prevalences 
of milk and fecal shedders, and subsequently MAP concentrations in milk and feces. Cows in different 
infection stages were considered with different risks of excreting MAP testing positive. Furthermore, direct 
MAP contamination of milk was related to infection stages while indirect contamination was associated 
to within-herd prevalence and distribution of infection stages. Control options implemented included 
discarding of milk based on diagnostic test results. Median MAP load in farm bulk tank milk at within-herd 
infection prevalences from 7.5 to 60% were estimated to 0.74-6.81 cfu/ml, of which the contribution of 
direct contamination was less than 1%. Maximum concentration at the prevalence of 60% could be 1186 
cfu/ml caused by shedding of high amounts of MAP in feces from super-shedders. At the prevalence of 
15%, discarding milk from test positive cows would result in discarding 11% of milk and reduce the MAP 
level by 80%. The model was relatively simple yet capable of capturing true infection status and associated 
contributions from milk and feces. Further knowledge on distribution of fecal excretion from infected cows 
is required because very few ‘super-shedders’ might play a major role. The results can be used for a formal 
risk assessment including effects such as pasteurization.

The role of the carrier class in the endemicity of foot-and-mouth disease in the Lake Chad Basin, 
Cameroon
Brostoff, N., Garabed, R., Tien, J. and Pomeroy, L., Ohio State U., math bio, USA; NaBrostoff@gmail.com

Foot-and-mouth disease (FMD) is endemic in the 650,000 cattle that populate the Lake Chad Basin, 
Cameroon. FMD causes debilitating symptoms including blisters on feet and mouth causing difficulty 
eating and lameness. These clinical signs may delay the nomadic patterns and prevent cattle from obtaining 
the nutrients critical to survival. Outbreaks are detrimental to herds’ survival and the economics of the 
cattle industry in Cameroon. Little research has been done on the role of carriers on endemicity of FMD in 
Cameroon. This project seeks to understand this role via an SIR-type ordinary differential equations system 
(SEICR: susceptible, exposed, infectious, carrier, recovered) to model FMD in an endemic setting. Our field 
team in Cameroon gathered statistics on the number of carrier and recovered cattle. This data is used with 
the model to investigate associated parameters to the system, parameterize the endemic equilibria (EE.), 
and calculate the basic reproductive number (R0) using the second generation matrix technique. Sensitivity 
analysis is performed using Latin hypercube sampling to investigate R0 and how the relative infectivity 
of the carriers affects R0, assuming EE. Results suggest the relative infectivity of the carrier class has a 
minimal effect on R0. However, the carrier class still contributes to the spread of the disease. In fact, results 
suggest that a carrier class with relative infectivity of only 6.55% is sufficient to drive the system to be 
endemic from the carriers alone. Sensitivity analysis reveals R0 to vary widely over biologically plausible 
parameter ranges with a long tail to its distribution. Current work seeks to find the source of this variability. 
A counter-intuitive result is an inverse relationship between the size of R0 and the relative infectivity of 
the carrier class. Forcing the model EE to match the observed data appears to result in a trade-off between 
R0 and carrier infectivity.
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The spread of rabies in Ethiopian wolves: from field data to transmission parameters
Courcoul, A.1,2,3, Matthews, L.2, Vergu, E.1, Denis, J.B.1, Sillero-Zubiri, C.4 and Haydon, D.2, 1INRA, 
France, 2University of Glasgow, United Kingdom, 3Anses, France, 4University of Oxford, United Kingdom; 
aurelie.courcoul@anses.fr

With fewer than 500 individuals remaining, the Ethiopian wolf is an endangered species threatened by 
regular outbreaks of rabies which have occurred in 1992-1993, 2003-2004, and 2008-2009. An important 
step towards effective control planning is to quantify the spread of infection. However, epidemic processes 
are often only partially observed, making parameter inference hard. Here we explore the use of Approximate 
Bayesian Computation to assess rabies transmission in Ethiopian wolves during the 2008-2009 outbreak. 
We developed a spatially explicit stochastic SEIR model for infection spread within a metapopulation of 
seven packs. Two parameters were inferred: the within (βw) and between pack (βb) transmission rates. The 
data comprised pre and post-outbreak pack compositions, and date and place of vaccination events and 
carcass recoveries. We used the model to simulate datasets using values for βw and βb sampled from prior 
distributions. These simulated data were reduced to summary statistics (number of carcasses per group of 
packs, total time of outbreak, and time between the first carcass and the first carcass in a neighbouring pack). 
Those parameters leading to the smallest distances between simulated and observed summary statistics 
were accepted, using an algorithm based on local linear regression. The basic reproduction number (R0) 
was then computed. The median value of βw was approximately eight times higher than βb, consistent 
with behavioral studies. The mean R0 was 2.6, in agreement with previous estimates for the 2003 rabies 
outbreak. Besides biological insights following the estimation of transmission parameters, these outputs 
will be used to calibrate a simulation model to assess the effectiveness of different vaccination strategies 
in populations of Ethiopian wolves.

A Bayesian approach to study the risk variables for the interactions between domestic and wild 
ungulates for tuberculosis occurrence in South Central Spain
Rodríguez-Prieto, V.1, Martínez-López, B.1, Barasona, J.A.2, Acevedo, P.3, Romero, B.1, Rodriguez-Campos, 
S.1, Gortázar, C.2, Sánchez-Vizcaíno, J.M.1 and Vicente, J.2, 1Complutense University of Madrid, Veterinary 
School, VISAVET, Spain, 2IREC (CSIC-UCLM-JCCM), Spain, 3University of Malaga, Biogeography, 
Diversity and Conservation Research Team, Spain; victor@sanidadanimal.info

Bovine tuberculosis (bTB) is a chronic infectious disease mainly caused by Mycobacterium bovis. Despite 
its eradication is a priority for the European authorities, bTB remains prevalent in many countries, causing 
significant economic losses. The identification of epidemiological factors contributing to TB transmission 
is crucial to more cost-effectively allocate control measures and, ultimately, achieve bTB eradication. The 
aim of this study was to identify the nature and extent of the association between TB distribution and a list 
of potential risk factors regarding cattle, wild ungulates and environmental aspects in Ciudad Real, one of 
the Spanish provinces with the highest TB herd prevalence. We used a Bayesian mixed effects multivariable 
logistic regression model to predict TB occurrence per municipality in 2007 by using predictors from the 
previous year and accounting for overdispersion and spatial autocorrelation. The risk factors (median OR) for 
TB occurrence identified in the final model were: incident cattle farms (1.83); number of years of veterinary 
inspection in hunting events (1.73); prevalence in wild boar (1.94); number of sampled cattle (1.85); bTB-
infected cattle farms in 2006 (1.94); prevalence in red deer (1.69); beef farms (1.47); and bullfighting cattle 
farms (1.15). The spatial distribution of these factors together with particular Mediterranean features that 
favour the wildlife-livestock interface (WLI) may explain why TB is transmitted between both, contributing 
to the M. bovis persistence in this region. Sanitary actions should be allocated towards specific areas and 
epidemiological situations where the WLI seems to critically hamper the definitive bTB eradication success.

Session 50 Theatre 5

Session 50 Theatre 4



134 ISVEE – Book of Abstracts 2012

The ENHanCE project: a large scale risk assessment of the most likely human and animal pathogens 
to be affected by climate change
Mcintyre, K.M.1, Setzkorn, C.1, Hepworth, P.J.1, Morand, S.2 and Baylis, M.1, 1Institute of Infection & Global 
Health, University of Liverpool, Department of Epidemiology & Population Health, United Kingdom, 
2CIRAD, Montpellier, France; k.m.mcintyre@liv.ac.uk

Climate change is considered a major threat to human health and well-being, with increasing evidence of it 
impacting infectious diseases. But how large is this threat? Will many diseases respond to climate change 
or only a few? Is it possible that the most significant diseases in health or economic terms could be resilient 
to climate change, such that its overall influence on our health and well-being could be of relatively minor 
importance? Within the ENHanCE project we have developed an easily repeatable, bottom-up approach 
which allows the examination of many pathogens using multiple steps, enabling us to answer some of these 
questions. Within the project, we have built a database, the open access ENHanCED Infectious Diseases 
(EID2) database, with which we first identified the main pathogens of man, domestic and companion 
animals. Second, a proxy for the impact of each pathogen upon man was then developed to ascertain those 
of the greatest importance to us. Automated literature searches of pathogen names and climate driver terms 
were then implemented to establish scientific literature which potentially contained evidence of the climate 
drivers of disease. It was thereafter necessary to examine the literature, for a short list of the pathogens with 
the highest ‘impact’, to verify the actual evidence of the effects of climate upon each pathogen. This was 
undertaken, finally, using a critical review tool which grades the quality of the data based on a number of 
factors including: the journals in which papers were published; whether they describe field or laboratory 
studies, analysis of collated data or review articles; and the significance of any statistical support for climate 
and pathogen associations. This presentation will demonstrate our methodologies, and present the main 
findings of our full bottom up assessment.

Is meticillin-resistant Staphylococcus aureus ST398 able to spread in humans?
Porphyre, T.1,2, Giotis, E.S.2,3, Lloyd, D.H.2 and Stärk, K.D.C.2, 1University of Edinburgh, Edinburgh, 
United Kingdom, 2Royal Veterinary College, London, United Kingdom, 3Imperial College, London, United 
Kingdom; t.porphyre@ed.ac.uk

The emergence of the livestock-associated clone of meticillin-resistant Staphylococcus aureus (MRSA) 
ST398 is a serious public health issue in a large number of European countries. Although MRSA ST398 has 
been evaluated less transmissible than hospital-acquired MRSA, its incidence in the community continues 
to rise despite the implementation of stringent ‘search-and-destroy’ policies. The question regarding the 
transmissibility of MRSA ST398 in humans therefore remains of great interest. Here, we report the results 
of a stochastic, discrete-time metapopulation model that explores patterns of spread and persistence of 
MRSA ST398 in an entirely susceptible human population subject to the effect of a single MRSA-positive 
commercial pig farm. Notably, we investigated the role of the probability of persistent carriage and the 
probability of acquiring MRSA due to contact with pigs on the transmission dynamics of MRSA ST398 in 
humans. Simulations showed that MRSA ST398 can spread and be maintained in the human community 
despite its low transmissibility, mainly because the recurrent introduction from pigs. We further showed that 
persistent carriage should occur in less than 10% of the time for MRSA ST398 to conserve epidemiological 
characteristics similar to what have been previously reported. These results indicate that implementing 
control policy that only targets human carriers may not be sufficient to control MRSA ST398 in the 
community while it remains endemic in pigs. We argued that farm-level control measures are required if 
an eradication programme is to be considered.
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Spatial BTV-8 transmission in NW-Europe in 2007
Boender, G.J.1, Hagenaars, T.J.1, Elbers, A.R.W.1, Gethmann, J.M.2, Meroc, E.3, Guis, H.4 and De Koeijer, 
A.A.1, 1Central Veterinary Institute of Wageningen UR, Department of Epidemiology, Crisis organisation 
and Diagnostics, Netherlands, 2Friedrich-Loeffler Institut, Bundesforschungsinstitut für Tiergesundheit, 
Germany, 3Veterinary and Agrochemical Research Centre (VAR-CODA-CERVA), Belgium, 4Centre de 
Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD), France; 
gertjan.boender@wur.nl

We analysed the 2007 bluetongue (BTV-8) epidemic data for spatial transmission aspects and compared 
these with the results of the spatial analysis of the 2006 BTV-8 epidemic. We evaluated the spatiotemporal 
dynamics of newly reported outbreaks by means of a transmission kernel, which is the distance dependent 
rate of between-herd infection. This evaluation posed new technical hurdles due to the fact that the 2007 
epidemic occurred in the wake of the 2006 epidemic. Especially in Belgium, many farms were already 
infected in 2006, leading to reduced transmission levels in 2007 due to the lower remaining number of 
susceptible farms. Furthermore, we found that in 2007, when the weather conditions were favourable again 
after the winter, the virus reappeared throughout those areas in which the infection was found in the 2006 
epidemic. Estimating the size of these areas and removing them from the 2007 dataset proved essential for 
estimating the spatial transmission kernel for BTV-8 in 2007. The shape of this transmission kernel was 
similar to the shape of the transmission kernel as derived from the 2006 epidemic. This indicates that the 
spatial transmission is not very sensitive to climatic and biological fluctuations between years. The results 
also show that BTV-8 persisted easily through winter and can re-emerge in previously infected areas.

Development of a real-time Bayesian model of equine influenza spread in Australia
Firestone, S.M.1, Jewell, C.P.2, Garner, M.G.3, Moloney, B.4, Toribio, J.L.M.L.1, Ward, M.P.1 and Dhand, 
N.K.1, 1Faculty of Veterinary Science, The University of Sydney, Australia, 2Department of Statistics, 
University of Warwick, United Kingdom, 3Department of Agriculture, Fisheries and Forestry, Australia, 
4New South Wales Department of Primary Industries, Australia; simon.firestone@sydney.edu.au

Australia experienced its first ever outbreak of equine influenza in 2007, affecting around 70,000 horses 
before eradication was achieved, 5 months later. We developed a spatial simulation model of equine influenza 
in Australia parameterised by Bayesian inference of data from the 2007 outbreak. Our modelling objectives 
were to improve understanding of the underlying disease process and the effectiveness of certain control 
measures, and to develop a real-time decision-support tool for future outbreaks. Local spatial spread, the 
movement of infected horses and intra-premises transmission were explicitly modelled. A Bayesian reversible 
jump Markov chain Monte Carlo algorithm was used to infer posterior distributions of key epidemiological 
parameters for a peri-urban and a rural cluster (n=7,670 and 1,540 horse premises, respectively). We then 
conducted forward simulation, a sensitivity analysis and validated against a previous simulation model of 
the 2007 outbreak. The simulated epidemics were highly cross-correlated both temporally and spatially with 
the actual epidemic (Spearman’s ρ=0.81 and 0.88, respectively) and with outputs of the previous model 
(ρ=0.84 and 0.92). Spread dynamics differed markedly in the two clusters, with local spread occurring 
over longer distances but at a lower rate in the rural cluster. The duration of infectivity was established 
for premises holding a range of numbers of horses and the effectiveness of vaccination was assessed. Our 
posterior parameter distributions will provide informative priors for future real-time modelling of equine 
influenza outbreaks in Australia, and our findings suggest which outbreak control procedures to prioritise. 
This research was funded by the RIRDC and the ABCRC.
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Databases in Denmark: opportunities and constraints for welfare assessments
Houe, H.1, Jensen, T.B.2, Nielsen, A.C.2, Feldstedt, H.2, Sandøe, P.1, Forkman, B.1, Otten, N.1, Andreasen, 
S.N.1, Nielsen, T.D.1, Toft, N.1 and Sørensen, J.T.3, 1University of Copenhagen, Department of Large 
Animal Sciences, Denmark, 2Danish Food and Veterinary Administration, Denmark, 3Aarhus University, 
Department of Animal Science, Denmark; houe@life.ku.dk

The Danish Food and Veterinary Administration is responsible for many databases of which several are 
related to animals. The objective of the present project was to establish database protocols for all databases 
that might include variables that could be used for animal welfare assessment in cattle and pig herds and to 
assess, which variables are most suitable for future use. A total of 13 databases were identified as including 
information of potential relevance for animal welfare. For each database, a responsible person was asked 
to provide a full database protocol. This included information on: purpose, data accessibility, primary 
data recording and exact definition of the variables. Hereafter, welfare experts were asked to classify the 
variables according to relevance and validity. The relevance was judged according to how close a variable 
could be associated with welfare and the validity was judged according to sensitivity and specificity of the 
recordings describing the true occurrence. Finally, a summary evaluation was performed also including the 
actual occurrence of the indicators in the animal population as well as previous assessments and information 
from literature. Six databases were identified to contain useful information. The most important variables 
included: animal movements, duration of life, mortality, several meat inspection data related to chronic 
conditions, medicine consumption and infringement of welfare regulations. However, there are several 
constraints on the variables which should be included when interpreting the information, in particular to 
aspects other than health issues. Further, it will be beneficial to add information from databases owned by 
private organisations and information on e.g. resource related animal welfare indicators.

Is bovine tuberculosis transmission density or frequency dependent?
Smith, R.L.1, Schukken, Y.H.2, Lu, Z.1 and Grohn, Y.T.1, 1Cornell University College of Veterinary Medicine, 
Population Medicine and Diagnostic Sciences, USA, 2Cornell University College of Veterinary Medicine, 
Quality Milk Production Service, USA; rebecca.lee.smith@gmail.com

Most mathematical models of bovine tuberculosis (bTB) spread have assumed a density-dependent contact 
structure. However, the biology of the disease and the observed data would suggest that a frequency-
dependent contact structure is more appropriate. First, transmission of bTB requires close contact between 
animals. Second, the number of infected animals in observed outbreaks does not appear to increase linearly 
with herd size, as would be expected with density-dependent transmission. We used a stochastic compartment 
model for bTB spread in US cattle herds to investigate the importance of the assumption of density versus 
frequency dependence. The simulated data were compared to observed data from 10 fully evaluated bTB 
case farms in the US. The model predicts that a density-dependent contact structure would result in a wider 
distribution in the number of infected cows with increasing herd size, while this was not observed in the 
case reports. By contrast, frequency-dependent contact structures resulted in similar distribution of the 
predicted number of infections across herd sizes. When compared to 10 successfully controlled outbreaks 
in US dairy herds, the frequency-dependent contact structure predicted the observed number of infected 
animals significantly better. The difference between the contact structures is difficult to notice in herds of 
similar size, but becomes apparent as variation in herd size increases. With increasing herd sizes around 
the world, these results are important to note for the accuracy of bTB models. The distinction between the 
two models is also essential for our biological understanding of bTB transmission.
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Diagnostic herd sensitivity using environmental samples
Vigre, H., Josefsen, M., Seyfarth, A.M. and Agersø, Y., DTU Food, Denmark; hvig@food.dtu.dk

Due to logistic and economic benefits, the animal industry has an increased interest in using environmental 
samples to classify herds free of infections. For a valid interpretation of results obtained from environmental 
samples, the performance of the diagnostic method using these samples must be assessed. In this abstract 
we present an approach to evaluate the sensitivity of environmental samples used for herd classification. 
This is illustrated using results from samples for isolation of methicillin resistant Staphylococcus aureus 
(MRSA) in 48 pig herds that had previously been tested positive either at farm or slaughter. Three sample 
matrices were collected; dust samples (5 environmental swabs), nasal swabs (10 pools with 5 animals per 
pool) and air samples (1 filter). Based on the assumption that MRSA occurred in all 48 herds the overall 
herd sensitivity was 58% for nasal swabs, 33% for dust samples and 63% for air samples. However, we 
assumed that the sensitivity of environmental samples varies between herds due to variation in the amount 
of the analyte. This assumption can be tested by analyzing the association between animal prevalence and 
the result obtained using environmental samples. In our example, the prevalence of infected pigs in each 
herd was estimated from the pooled samples of nasal swabs. Logistic regression was used to estimate the 
effect of animal prevalence on the probability to detect MRSA in the dust and air samples at herd level. The 
results show a significant increase in the probability of isolating MRSA in the environmental samples by 
increasing within-herd prevalence. This relationship was strongest for dust where the sensitivity increased 
from 25% at 1% infected pigs, to 35% at a 25% infected pigs. The air sampling was more sensitive to detect 
infected herds irrespectively of the within herd prevalence, and performed almost perfectly at a prevalence 
of 25% infected pigs (sensitivity=99%). In general, the dependence of within herd prevalence should be 
considered in designing surveillance programs based on environmental samples.

Diagnosing intramammary infections
Dohoo, I.R., Reyher, K.K. and Andersen, S., University of PEI, Centre for Veterinary Epidemiological 
Research, Canada; dohoo@upei.ca

A conjoint analysis was conducted with two groups of mastitis researchers (USA and The Netherlands) in 
which they were provided sets of data (profiles) including culture results (organism isolated and number of 
colonies) and somatic cell count (SCC) from 3 consecutive quarter milk samples. Participants were asked 
to estimate the probability that the quarter was infected with a specific organism at the time the middle 
sample was collected. For most profiles, the range of estimates was from 0% to 100%, indicating complete 
disagreement among the ‘experts’. This led to a large study, using data from 2 sources, to determine the 
operating characteristics of various procedures for diagnosing intramammary infections. The 4 steps 
in the process were: (1) develop a consensus among mastitis experts as to a reasonable gold standard 
based on 3 consecutive milk samples; (2) determine the sensitivity and specificity of a range of possible 
diagnostic criteria based on a single sample (utilizing both culture an SCC results); (3) compare the operating 
characteristics of tests based on duplicate or triplicate samples to those from a single sample; and (4) 
evaluate the operating characteristics of composite samples (milk combined from all 4 quarters) compared 
to 4 quarter samples. The consensus gold standard considered a quarter positive if the same organism was 
cultured from 2 of 3 consecutive samples, or if an organism was isolated on a single sample with >1000 
colony forming units (cfu)/ml. The specificity of all diagnostic criteria based on a single sample was high. 
Estimates of sensitivity varied substantially across pathogens, but were often very low, particularly if 
anything more stringent than the most liberal definition was used. Duplicate sampling with either parallel or 
series interpretation could be used to enhance the sensitivity of specificity, but not both. Triplicate sampling 
performed only slightly better than use of a single sample. Finally, composite samples were found to have 
sufficient sensitivity to be considered for use in many clinical settings.
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Risk of introducing African horse sickness into the Netherlands by equine movements
De Vos, C., Hoek, C. and Nodelijk, G., Central Veterinary Institute, Netherlands; Gonnie.Nodelijk@WUR.nl

10-4 per year. The risk is highest in July and August, while equine movements in the period October till 
March pose a negligible risk. High and low risk regions contribute most to the risk with 31% and 53%, 
respectively. Importations of donkeys and zebras constitute the highest risk of AHSV introduction from 
high risk regions, while international movements of competition horses constitute the highest risk of AHSV 
introduction from low and very low risk regions due to the high numbers involved. Preventive measures 
currently applied reduce the introduction risk of AHSV to the Netherlands by 46%. A prolonged and more 
effective quarantine period in high risk regions and more stringent import regulations for low risk regions 
could further reduce the risk. African horse sickness (AHS) is a vector-borne viral disease of equines that 
is transmitted by Culicoides spp. Mortality in horses can reach 95%. AHS virus (AHSV) is an orbivirus 
belonging to the family Reoviridae, which also comprises bluetongue virus (BTV). The emergence of BTV 
serotype 8 in North-western Europe in 2006 has demonstrated that also Palaearctic species of Culicoides 
can be competent vectors for these orbiviruses. This, combined with the potentially severe consequences 
of AHS has resulted in increased awareness of the risk of AHS to the Netherlands. Therefore, a study was 
performed to assess the risk of introduction of AHSV into the Netherlands by equine movements. The goal 
of this study was to provide more insight into (1) the regions and equine species that contribute most to this 
risk; (2) the seasonal variation in this risk; and (3) the effectiveness of measures to prevent introduction 
of AHSV. A risk model was constructed calculating the probability of successful release of AHSV in the 
Netherlands and the probability that local vectors will subsequently transmit the virus to local hosts. Model 
calculations indicated that the current risk of AHSV introduction into the Netherlands by equine movements 
is very low with a median value of 5.1

Risk factors associated with tuberculosis diagnostic failures in infected cattle herds
Alvarez, J.1, Perez, A.2, Marques, S.3, Bezos, J.1, Casal, C.1, Grau, A.3, Mínguez, O.3, De Juan, L.1 and 
Domínguez, L.1, 1VISAVET Health Surveillance Centre, University Complutense of Madrid, Spain, 2Center 
for Animal Diseases Modeling and Surveillance, University of California, Davis, USA, 3Junta de Castilla 
y León, Dirección General de Producción Agropecuaria, Spain; amperez@ucdavis.edu

In spite of progresses achieved in the last decades in the field of bovine tuberculosis (TB) diagnosis, false 
negative cattle remains as a major issue for disease eradication in chronically infected herds. Implementation 
of ancillary diagnostic tests to the single intradermal tuberculin (SIT) test, such as the interferon-gamma 
(IFN-γ) assay, has increased diagnostic sensitivity, but diagnostic failures may still persist. In the present 
study information from post-mortem analysis of culled cattle from more than one hundred TB-infected 
herds from all productive types (beef, dairy and bullfighting) present in Castilla y Leon (Spain) were used 
to detect individual risk factors associated to M. bovis positive culture results in animals testing negative 
in the SIT test (strict/standard interpretation), in the IFN-γ assay (with two thresholds) and in both tests 
assayed in parallel. Among the risk factors evaluated, age and productive type had a crucial impact on the 
reliability of the SIT test for accurate detection of infected animals regardless interpretation criteria, with 
older negative-animals and bullfighting cattle having a significantly higher risk of yielding a positive M. 
bovis culture result. The same risk factors were detected in the analysis of the IFN-γ data, but association was 
weaker and in the case of the age restricted only to the oldest animals (>8 years). These results demonstrate 
that in spite of the high sensitivity of the diagnostic strategy in place false-negative results may occur. Thus, 
in chronically infected herds special attention should be paid to results of older animals. Implementation of 
IFN-γ assay in bullfighting herds contributed to minimize the risk of diagnostic failures.
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Transmission and control of African Horse Sickness in the Netherlands: a model analysis
Backer, J.A. and Nodelijk, G., Central Veterinary Institute of Wageningen UR, Netherlands; 
jantien.backer@wur.nl

African horse sickness (AHS) is an equine viral disease that is spread by Culicoides spp. Since the closely 
related disease bluetongue established itself in The Netherlands in 2006, AHS is considered a potential threat 
for the Dutch horse population. A vector-host model that incorporates the current knowledge of the infection 
biology is used to explore the effect of different parameters on whether and how the disease will spread, and 
to assess the effect of control measures. The time of introduction is an important determinant whether and 
how the disease will spread, depending on temperature and vector season. Given an introduction in the most 
favourable and constant circumstances, our results identify the vector-to-host ratio as the most important 
factor, because of its high variability over the country. Furthermore, a higher temperature accelerates the 
epidemic, while a higher horse density increases the extent of the epidemic. Due to the short infectious 
period in horses, the obvious clinical signs and the presence of non-susceptible hosts, AHS is expected to 
invade and spread less easily than bluetongue. Moreover, detection is presumed to be earlier, which allows 
control measures to be targeted towards elimination of infection sources. We argue that recommended 
control measures are euthanasia of infected horses with severe clinical signs and vector control in infected 
herds, protecting horses from midge bites in neighbouring herds, and (prioritized) vaccination of herds 
farther away, provided that transport regulations are strictly applied. The largest lack of knowledge is the 
competence and host preference of the different Culicoides species present in temperate regions.

Surveillance for an outbreak of African horse sickness in the Netherlands
Van Den Hengel, R., Swanenburg, M., Backer, J.A., Nodelijk, H.A. and De Koeijer, A.A., Central Veterinary 
Institute WUR, Netherlands; rob.vandenhengel@wur.nl

African horse sickness (AHS) is a vector-borne disease which is transmitted by midges and is often lethal 
for horses. To assess the impact and size of a possible outbreak of AHS in The Netherlands, it is important to 
analyse the spread of the infection until the moment of detection. The moment of detection strongly depends 
on the various surveillance options that this infection offers. We focus on clinical surveillance as the most 
probable method to detect AHS, since AHS is fast spreading and has clear symptoms. We interviewed several 
veterinarians, about their probable response to a few described clinical scenarios, and concluded that they 
would mostly seek help or report as soon as the second horse in a herd or in the neighbourhood dies. This 
information served as a detection threshold in a stochastic model, which describes the spread of AHS in 
a population of horses. The model is based on the limited information known about AHS and its possible 
transmission behaviour in The Netherlands. In a series of simulations, we estimated the time to detection 
and the prevalence situation at detection. Our results show that AHS is detected between 4 and 5 weeks 
after introduction in the herd. For the more likely values for midge density, midge biting rate and incubation 
period, we expect 2 horses in the herd to be infected at the moment of infection. Sensitivity analysis shows 
that the time until detection is not sensitive to the uncertain parameter values, but the number of infected 
horses at detection can increase dramatically with increased midge density, increased midge biting rate and 
a shortened incubation period. These three aspects are all the result of an increase in temperature. Thus, 
in a warm period, a much larger proportion of the herd could be infected, making control of the epidemic 
substantially more difficult.
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Geographic and temporal variation in risk of African Horse Sickness virus transmission in Great 
Britain
Lo Iacono, G.1, Robin, C.2, Gubbins, S.3, Newton, R.2 and Wood, J.1, 1University of Cambridge, United 
Kingdom, 2Animal Health Trust, Suffolk, United Kingdom, 3Institute for Animal Health, Surrey, United 
Kingdom; gl334@cam.ac.uk

The horse industry has had to address several emerging ‘exotic’ equine infectious diseases, whose risk 
had been regarded as low. An example is African horse sickness (AHS), a viral infection transmitted by 
Culicoides biting midges, previously confined to sub-Saharan or tropical regions. The risk of AHS, its 
dependence on key parameters (e.g. temperature, host preference of the vector), its temporal and geographic 
variation and the efficacy of some control measures has not been adequately assessed in the light of current 
knowledge. The aim of the current work is twofold: (1) to estimate the risk of an outbreak of AHS in Great 
Britain (GB), based on the basic reproduction number (R0); (2) to identify practical control measures that 
reduce R0 to below one (a condition for the disease to die out). The first objective requires information 
of the spatial distribution of horses. Such data are not available for GB, as the National Equine Database 
(NED) records owner, not horse locations. However, combining NED and land use data in a Bayesian 
statistical approach, we developed an algorithm to infer a realistic distribution for the location of horses. 
Then we estimated R0 for a range of scenarios including (1) presence of non-susceptible vertebrate hosts; 
(2) adoption of different control measures (insect repellents, vaccination); (3) different hypotheses on the 
relationship between Culicoides abundance and host densities. We produced a realistic map of the location 
of horses in GB, a spatio-temporal assessment of the risk of AHS and a quantitative framework to assess 
the efficacy of control measures. For example, although non-susceptible hosts (e.g. cattle) may increase 
vector abundance, their presence could reduce feeding on horses and lower R0. We provide an evaluation, 
for different cases, of the hosts-horse ratio required to reduce R0 below one and thus to control the disease.

Identification of suitable areas for African horse sickness virus infections in Spain
Sánchez-Matamoros, A.1, Martínez-López, B.1, Iglesias, E.2 and Sánchez-Vizcaíno, J.M.1, 1Complutense 
University of Madrid, VISAVET Centre and Animal Health Department, Spain, 2Technical University of 
Madrid, E.T.S Agronomics Engineering, Spain; almudena@sanidadanimal.info

African horse sickness (AHS) is a vector-borne infectious disease, mainly transmitted by Culicoides spp., 
that causes dramatic sanitary and economic consequences for equidae populations. The AHS virus (AHSV) 
is closely related to the bluetongue virus (BTV) and, as a consequence, the re-emergence and endemicity of 
BTV in Europe has increased concerns about the potential re-introduction and further spread of AHSV in 
European equidae populations. Spain is the second largest European country in terms of equidae population, 
with animals of high economic and genetic value. Furthermore, its geographical, environmental and 
entomological conditions are favourable for AHS infections, as has been proved in past epidemics with 
different AHSV serotypes (i.e. 1966 and 1988-1990) and caused devastating socio-economic consequences 
for the country. The study presented here, was aimed to identify suitable areas and time periods at high risk 
for AHS occurrence in Spain that may be target to allocate surveillance strategies and other risk reduction 
measures. Specifically we use knowledge about risk factor of disease, climatic conditions, abundance of 
Culicoides spp. and equidae density, with weighted linear combination of these factors. Validation of the 
model was performed using historical outbreaks in Spain. Model results revealed that South-West of Spain 
is the most suitable area for AHS infections, particularly during late summer months. Suitability maps and 
other results of this study may be useful to support risk-based surveillance and control strategies, and to 
develop a simulation spread models for evaluate AHS spread in Spain.

Session 52 Theatre 5

Session 52 Theatre 4



ISVEE – Book of Abstracts 2012 141

Dairy reactors are less likely to have bovine tuberculosis confirmed at post mortem
Downs, S.H.1, Broughan, J.M.1, Goodchild, A.T.1, Parry, J.1, Ely, E.R.1, Durr, P.A.2 and Clifton-Hadley, 
R.S.1, 1Animal Health and Veterinary Laboratories Agency, United Kingdom, 2CSIRO, Animal Health 
Laboratories, Australia; sara.downs@ahvla.gsi.gov.uk

The primary field screening test for bovine tuberculosis (bTB) in Great Britain (GB) is the single intradermal 
cervical comparative tuberculin (SICCT) test supplemented by the gamma-interferon (IFN-γ) blood test 
in specified circumstances. Confirmation of infection with Mycobacterium bovis in reactors to field tests 
requires detection of typical macroscopic lesions during post-mortem examination or isolation of the 
bacteria. SICCT performance varies with infection stage in the bovine, immunosuppressive factors, 
environmental mycobacteria, test conduct, etc. The aim was to compare proportions of reactor cattle with 
confirmed infection from different production classes. A population sample of 200 reactors to the SICTT 
(standard interpretation), was randomly selected from 198 farms in England and Wales. All of the reactors 
underwent an IFN-γ test, a detailed post-mortem and culture of tissue samples. Farmers ascribed production 
class. The proportion of reactors with detectable post-mortem evidence of infection varied by production 
class: Dairy cows 34% (28/82), Finishers 72% (21/29), Heifers 65% (13/20), Suckler Cows 62% (31/50), 
Yearlings and Calves 90% (17/19) P<0.001. The odds for non-dairy reactors to have infection confirmed 
was three times higher than dairy after controlling for SICCT results, bovine age, interval between routine 
test, herd size and number of reactors in the herd (Odds Ratio 3.3, 95%CI 1.6-6.8, P=0.001). Similar results 
were observed with IFN-γ test results. Dairy cattle have been reported as having a higher risk of contracting 
bTB than beef cattle. These data, and data from routinely collected surveillance statistics in GB, suggest 
that it may be worthwhile investigating whether the immune response to M. bovis in cattle may be modified 
by management or breed. Funding was provided by Defra through project SE3013.

Epidemiological characterization of bovine brucellosis in Maranhão state, Brazil
Borba, M.R.1, Stevenson, M.A.2, Gonçalves, V.S.P.1, Ferreira Neto, J.S.3, Ferreira, F.3, Amaku, M.3, Telles, 
E.O.3, Santana, S.S.4, Ferreira, J.C.A.4, Figueiredo, V.C.F.5, Lôbo, J.R.5 and Dias, R.A.3, 1University of 
Brasília, Brazil, 2EpiCentre, IVABS, Massey University, Palmerston North, New Zealand, 3University of 
São Paulo, Brazil, 4Animal Health Agency of Maranhão, Brazil, 5Ministry of Agriculture, Livestock and 
Food Supply, Brazil; mauro.rb@hotmail.com

A cross-sectional study was conducted to estimate the prevalence of bovine brucellosis at the herd and animal 
level in Maranhão state, Brazil. In each selected herd, serum samples were collected at random from cows 
aged 24 months or more and a questionnaire was applied to identify risk factors for infection at the herd level. 
In total, 749 herds and 6,779 animals were surveyed. Geographic coordinates of each herd were collected 
and the spatial distribution of bovine brucellosis was studied using kernel density estimation. Variables 
influencing the risk of brucellosis at the herd level were analyzed using logistic regression. The herd-level 
prevalence of brucellosis was 11% (95% CI 9 to 14%) and the individual animal-level prevalence was 2.5% 
(95% CI 1.7 to 3.6%). Having more than 54 cows aged ≥24 months, renting pasture to third parties and 
the presence of wetlands on the farm increased the risk of a farm being brucellosis positive. Brucellosis-
positive farms were identified all over the state, particularly in the centre and on the northwestern border. 
Little evidence of second order effects were observed up to scales of 0 to 10 km, which means that even if 
brucellosis had been diagnosed in one herd location, the likelihood of cases being identified on nearby farms 
was not increased. Analysis of the residuals of the logistic regression model identified areas of unexplained 
risk in the center of the state. These results may assist the animal health authorities in setting up the most 
appropriate strategies to control brucellosis in Maranhão.
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Herd-level prevalence and risk factors associated with herds infected with Mycobacterium avium 
subsp. paratuberculosis, in dairy herds of Chile
Monti, G.1, Schulze, F.2, Leiva, S.3 and Kruze, J.3, 1Preventive Veterinary Medicine, Faculty of Veterinary 
Sciences, Chile, 2Mscie. program in Preventive Veterinary Medicine, Chile, 3Microbiology and Biochemistry, 
Faculty of Sciences, Universidad Austral de Chile, Chile; gustavomonti@uach.cl

The aims of this study were; to estimate herd-level prevalence of M. paratuberculosis infection from bulk 
tank milk (BTM) and environmental samples collected from dairy herds and to estimate associations between 
management practices of the farm and the status of infection. A cross-sectional study was performed on a 
stratified (by herd size) random sample of 150 dairy herds in the main dairy area of Chile. A real-time qPCR 
on BTM samples and cultura of environmental were used in parallel as diagnostic tests to determine the 
infection status of the herd. MAP was isolated from environmental samples using the protocol recommended 
by the USDA. In addition, at the day of sampling, a survey was completed on each farm, that is aimed to 
collect information from the farm that could be associated as herd-level risk factors for the disease, assessed 
through a logistic regression analysis. The overall prevalence of infected herds was 60.7% (95% CI 52.8; 
68.5). The prevalence for Large herds was 85.7% (95% CI 67.4; 100.0), for medium herds 70.3% (95% CI 
55.5; 85,0) and for small 53.5% (95% CI 43.7; 63,4) and the differences were statistically not significant 
(P<0.05). The final model contents 3 variables: Young stock contact with animals older than one year by 
paddocks rotation (Yes vs. No) OR=2.8 (1.2;6.4); Grouping production cows by milk yield (Yes vs. No) 
OR=3.3 (1.1;10.8); Paddocks used for calves are only used for calves (Yes vs. No) OR=2.4 (1.1;6.1). The 
prevalence of infected herds is high but similar to other countries and it was identified some management 
practices associated with infection status of the herds – mainly related with young stock – that could be added 
to current recommendations, to help the control the transmission. Study funded by FONDECYT # 1101020.

Determining precision and accuracy of clinical illness scores compared to pulmonary consolidation 
scores in Holstein calves with induced Mycoplasma bovis pneumonia
Amrine, D.1, White, B.2, Larson, R.2, Anderson, D.2, Mosier, D.1 and Cernicchiaro, N.1, 1Kansas State 
University, Diagnostic Medicine and Pathobiology, USA, 2Kansas State University, Department of Clinical 
Sciences, USA; damrine@vet.k-state.edu

Bovine Respiratory Disease (BRD) is frequently diagnosed based on signs of clinical illness followed by a 
confirmatory test. Little is known about the performance of this method for diagnosing BRD. The objective 
of this study was to determine the precision and accuracy of clinical illness scores (CIS) compared to 
pulmonary consolidation scores in calves with induced pneumonia. One hundred seventy-eight calves were 
inoculated with Mycoplasma bovis and scheduled for euthanasia and necropsy 12-24 days after challenge. 
Nine veterinarian observers with varying levels of experience assigned CIS to the calves within 48 hours 
of necropsy. At necropsy, lungs were evaluated and the level of pulmonary consolidation was determined 
using a standard scoring system. The probability that an observer would score a calf sick was estimated 
and compared with the true status of the calf as gauged by 6 cutoff levels of pulmonary consolidation 
considered to represent respiratory disease. Sensitivity and specificity were then calculated for individual 
observers at each cutoff. Agreement among observers as a measure of precision was estimated using the 
kappa statistic, which was 0.16 (95% CI=0.10 to 0.24). Median (min, max) sensitivity and specificity for 
all observers ranged from 81.7% (55.4, 96.4%) and 94.9% (81.3, 97.3%) respectively, based on 6 levels 
of pulmonary consolidation considered to represent respiratory disease. Current findings under our study 
conditions demonstrate low inter-observer agreement among observers and that the accuracy of CIS in 
relation to pulmonary consolidation scores varied based on the cutoff of consolidation used to represent 
respiratory disease.
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Evaluation of capture-neuter-vaccination-release (CNVR) program to control rabies and dog 
population in Bhutan
Rinzin, K.1,2, Robertson, I.2, Pandey, R.K.3 and Dahal, N.1, 1National Centre for Animal Health, Department 
of Livestock, Bhutan, 2School of Veterinary and Biomedical Sciences, Murdoch University, Australia, 
3National Dog Population Management and Rabies Control Project, Department of Livestock, Bhutan; 
karinzin@yahoo.com

Bhutan has a large population of free-roaming dogs which has been a concern for the general public, 
including tourists. Rabies is still endemic in the southern part of the country and free-roaming dogs have 
been indicated as the source of rabies in Bhutan. As a result, the Government of Bhutan has assigned a 
high priority for the control of rabies and the dog population in Bhutan. Since October 2009 the Bhutanese 
Department of Livestock and the Humane Society International (HSI) have worked together on a long term 
dog and rabies control project, centered around a capture-neuter-vaccinate-release (CNVR) program. During 
this CNVR programme a total of 32,276 dogs were neutered and vaccinated against rabies in Bhutan until 
January 2012. In the month of December 2011 and January 2012, six Districts were selected and visited 
to monitor the progress of the CNVR programme in Bhutan. The monitoring exercise included counting 
the number of neutered and entire dogs, lactating bitches and puppies seen in the streets and discussion of 
the findings with the relevant stakeholders. Data on the dogs (age, gender, colour, neuter status and health 
parameters including body condition and skin condition score) were collected to characterize the free 
roaming dog population in Bhutan. From this study the proportion of free-roaming dogs that are neutered 
and vaccinated (44-79%) was determined to highlight the impact/success of the CNVR programme in 
Bhutan. Assessment of these results will allow further refinement of the CNVR programme to achieve the 
targeted level of 80% of the total dog population.

Factors affecting time to introduction and duration of Salmonella in Danish dairy herds during a 
7-year surveillance period
Nielsen, L.R.1 and Dohoo, I.R.2, 1University of Copenhagen, Faculty of Health and Medical Sciences, 
Department of Large Animal Sciences, Denmark, 2Atlantic Veterinary College, University of Prince Edward 
Island, Department of Health Management, Canada; lrn@life.ku.dk

The objectives were to investigate factors affecting time to introduction and duration of Salmonella in Danish 
dairy herds under surveillance between 2003 and 2009. Using bulk-tank milk antibody test results measured 
at 3-monthly intervals in a national surveillance programme, herds were considered at risk of becoming 
infected when they had been test-negative for at least four consecutive year-quarters (YQs), and at risk of 
recovering after they had been test-positive for at least 1 YQ. Survival analysis was performed on a dataset 
including 7732 dairy herds representing 157181 YQs, in which 1523 new infection events and 2167 recovery 
events occurred. Predictors obtained from register data were tested in two multivariable, proportional hazard 
models allowing for recurrence within herds. The final multivariable survival models showed that purchase 
from test-positive cattle herds within the previous 6 months, increasing local prevalence within a 5-km 
area, increasing herd size and increasing bulk-tank milk somatic cell counts were associated with increasing 
hazard of introduction and longer duration of infection. This emphasises the need to focus on both external 
and internal biosecurity measures to successfully control and prevent Salmonella infection. The effect of 
prior infection on the hazard of introduction was time-dependent with highest hazard of re-introduction 
up to 2 years after recovery. Danish dairy herds generally became better at controlling the infection and 
preventing introduction or recurrence over time, most likely due to publicly available herd classifications, 
overall decreasing prevalence and improved awareness of the need to maintain a high level of biosecurity.
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Rabies in Montenegro: transboundary disease control from a small country’s perspective
Pötzsch, C.J.1, Henning, J.2, Pejović, N.3, Tizzani, P.4, Filipović, G.1, Šašić, S.5, Viviani, P.6 and Hrapović, 
M.7, 1Veterinary epidemiology consultant, Germany, 2University of Queensland, Australia, 3Diagnostic 
Veterinary Laboratory, Montenegro, 4Università degli Studi di Torino, Italy, 5Wildlife consultant, 
Montenegro, 6Veterinary consultant, Italy, 7Veterinary Administration, Montenegro; carsten@potzsch.eu

Although most of Western and Central Europe is free of rabies, sylvatic rabies is endemic in the Balkan 
region of southeast Europe. In Montenegro, the smallest of the Balkan countries, the red fox (Vulpes vulpes) 
accounts for 80% of all rabies. From 2007 to 2011, 173 cases of fox rabies were reported, with incidence 
cases declining from 2010 to 2011. No human cases have ever been reported in Montenegro. With funding 
provided by the European Union, oral vaccination of foxes was carried out for the first time in autumn 
2011 in this country. We conducted a number of epidemiological studies to monitor the success of the oral 
vaccination campaign. These included (1) an assessment of the post-vaccination immunity of foxes by 
annual sampling of four healthy foxes per 100 km2; (2) monitoring of bait uptakes using bait-removal counts 
and post-mortem testing of foxes for occurrence of bait-incorporated biomarkers; and the (3) estimation 
of fox population density using indirect transect counts and direct night counts. Preliminary data analysis 
indicated that the bait disappearance rate was 81% after 7 days with most baits being consumed by foxes. 
However, dogs seem to play a bigger role as bait competitor compared to western and central European 
countries; their possible role as rabies reservoir needs to be further monitored. Antibody responses after 
vaccinations will be summarised over time as well as the change in fox population density. Based on these 
results we will discuss the role of regional coordination of rabies control and information sharing, but also 
highlight ecological difficulties and challenges in controlling this transboundary disease in a small country 
with limited resources.

Response to a rabies epidemic in Bali, Indonesia
Putra, A.A.G.1, Hampson, K.2, Girardi, J.3, Hiby, E.4, Knobel, D.5, Mardiana, I.6, Townsend, S.2 and Scott-
Orr, H.7, 1Disease Investigation Centre, Denpasar, Indonesia, 2University of Glasgow, United Kingdom, 
3Bali Animal Welfare Association, Indonesia, 4World Society for the Protection of Animals, United Kingdom, 
5University of Pretoria, South Africa, 6Bali Province Livestock Services, Indonesia, 7University of Sydney, 
Australia; dic-denpasar@indo.net.id

Bali was historically rabies free until 2008 when the disease was confirmed in the Bukit Peninsula. Initial 
attempts at containment by dog vaccination and culling were unsuccessful due to factors including lack of 
emergency funding and contingency plans, the large free-roaming dog population and its high turnover, 
limited availability of long-lasting vaccines and means to identify vaccinated animals and patchy cold 
chain arrangements. Over the next three years more than 130 people died of rabies, at least 130,000 dog 
bites required post-exposure prophylaxis and over 500 cases were confirmed by the fluorescent antibody 
test. Following trials in 2009 to pilot dog catching teams for conducting mass vaccinations and a switch 
to long-lasting vaccines; successive island-wide vaccination campaigns were completed in 2010 and 2011 
respectively. More than 200,000 dogs were vaccinated in each of these campaigns and coverage estimates 
approached or exceeded 70% in most sub-villages in Bali. At the start of the first island-wide campaign 
140 villages were infected, and during the mass vaccination, rabies spread into new areas and re-infected 
previously rabies-free villages. However, by the end of the second campaign only 30 villages remained 
infected, rates of spread had declined from ~10 new infected villages each month, down to less than 2, 
incidence had decreased from ~45 cases/month to ~11, attack rates had dropped from 0.027% down to 
0.01% and bite injuries had declined from 6,256 to 4,197 bites/month. Mass dog vaccinations to date have 
significantly reduced rabies incidence and spread, however bite incidence remains high and repeat dog 
vaccination campaigns are necessary to eradicate rabies from Bali.
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Costs of the current rabies control strategies on Flores Island
Wera, E.1,2, Velthuis, A.G.J.1 and Hogeveen, H.1,3, 1Wageningen university, Business Economics, Netherlands, 
2Kupang State Agriculture Polytechnic, Animal Health Study Program, Indonesia, 3Faculty of Veterinary 
Medicine, Utrecht University, Department of Farm Animal Health, Netherlands; ewaldus.wera@wur.nl

Rabies is a zoonotic disease and always fatal once clinical signs appear in human. The disease transmits to 
humans through an animal bite. Dogs are the main vector of rabies in humans on Flores island, Indonesia, 
resulting in about 19 deaths annually. Therefore, it is necessary to control the disease. Currently, the rabies 
control program at Flores island includes post exposure treatment of humans, mass vaccination and culling 
of dogs, and surveillance in dogs. Although the program has been in place for several years, it seems that 
rabies is not yet controlled. Therefore, an evaluation of the program is needed. The objective of this study is 
to estimate the net costs of the current control program of rabies on Flores island. A deterministic economic 
model has been developed to calculate the net costs of the rabies control program and of the individual 
components from the year 2000-2011. Data from the Health Department and Husbandry Department of East 
Nusa Tenggara Province were used as inputs. The result shows that the annual net costs due to vaccination, 
culling of dogs and surveillance (prevention) were calculated to be respectively $US 90,420 (Rp 809.71 
million), $US 2,670 (Rp 23.9 million) and $US 4,755 (Rp 42.6 million). The annual net costs of the post 
exposure treatment in humans (cure) was estimated to be $US 172,389 (Rp 1.5 billion). Summarizing, the 
annual costs involved in the rabies control program add up to $US 270,234 (Rp 2,4 billion) in total, with 
the post exposure treatment program being the most expensive component. The preventive measures do 
not seem to be effective, but the amount of money spent in prevention is lower than the amount of money 
spent in cure. This means that an improved control of Rabies might become cost-effecitve.

Clinical incidence and people’s awareness of rabies in North West Ethiopia
Jemberu, W.T.1, Molla, W.2, Almaw, G.2, Hogeveen, H.1 and Mourits, M.1, 1Wageningen UR, Business 
economics, Netherlands, 2University of Gondar, FVM, Ethiopia; wudu.jemberu@wur.nl

A survey was conducted to determine the incidence of rabies in humans and domestic animals, and to assess 
the people’s awareness about the disease in north Gondar zone, North West Ethiopia. The incidence of rabies 
in humans and domestic animals was followed for one year from April 2009 to March 2010 based on clinical 
manifestation of the disease. A questionnaire was also administered to120 residents and 5 traditional healers 
to assess the knowledge and practices associated with the disease in the study area. Annual rabies incidence 
of 23.33/million in humans, 4,128/million in dogs, 198.86/ million in cattle, 676.79/million in equines, and 
144.49/million in goats was recorded. Dogs were found to be the major reservoir of the disease. Almost all 
community members were familiar with the disease. But serious misconception and lack of awareness about 
the disease’s causes and means of transmissions were observed. The majority (82%) of the people attend 
traditional healers when they feel exposed to the disease and in some cases (16%), the traditional treatment 
was preceded by diagnosis. It was also observed that for people who had taken the modern post exposure 
treatment, the mean duration of the time between time of exposure and starting of the treatment was 17 
days. In conclusion the incidence of the rabies in the study area could be considered high with significant 
public health and economic burden. A serious lack of awareness about the disease and high reliance on 
traditional treatment, some aspect which is scientifically implausible, was observed.
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Reliability of drag sampling for tick collection on vegetation
Agoulon, A., Raoux, O. and Vah, B., Oniris, LUNAM Université, UMR 1300 BioEpAR, Nantes, F-44307, 
France; albert.agoulon@oniris-nantes.fr

Drag sampling has commonly been used to collect Ixodid ticks on vegetation, since Macleod (1932), with 
the aim of estimating tick densities. Only recent efforts were made for the standardization of the method, 
and little is known about its efficiency and repeatability. In spring 2011, a study was performed on a cattle 
farm near Nantes (France), selected for the presence of Ixodes ricinus ticks, to test the reliability of drag 
sampling. Forty six 10 m2 transects were chosen on a priori favourable biotopes: borders of pastures 
adjacent to a woodland, or inside the woodland. On each transect, 1 m2 flannel blanket was slowly dragged 
(0.5 m/s) along 10 m. Ticks were then recovered and stored for later identification and counting. Dragging 
was immediately repeated on the same area to accumulate 20 successive samplings. For each sampling 
(n#1 to n#20 on a transect), the 3 stages of Ixodes ricinus were counted (larvae, nymphs and adults). The 
evolution of the countings was then analysed for each of the 46 transects. The results were the following: 
(1) for nymphs, the main stage of interest, the first passage corresponded to the highest counting on 70% 
of the transects. The exhaustion was sometimes incomplete after 20 passages (last counting ≥1 for 37% 
of the transects, mostly on high tick densities), but very few nymphs remained at the end: the cumulative 
counting of nymphs on 20 passages was then considered to represent the total number of nymphs actively 
in search of a host. The percentage of nymphs collected at the first passage varied randomly between 0% 
and 50%, with a mean of 26%. With a leaf litter covering the ground, the efficiency of the first passage 
was improved to a mean of 30%, and it fell to 20% in the absence of leaves. (2) Among the 21 transects 
presenting adult ticks, only one half (10 transects) revealed this stage at the first passage. (3) Among the 11 
transects presenting larvae, only one half (6 transects) revealed this stage at the first passage.

Bluetongue surveillance: distribution and seasonal abundance patterns of Palaearctic Culicoides 
vector species in the Netherlands
Scolamacchia, F.1,2, Van Den Broek, J.2, Meiswinkel, R.1,3, Heesterbeek, J.A.P.2 and Elbers, A.R.W.1, 
1Central Veterinary Institute of Wageningen University and Research, Department of Epidemiology, 
Crisis organization and Diagnostics, Netherlands, 2Faculty of Veterinary Medicine – Utrecht University, 
Department of Farm Animal Health, Netherlands, 3Netherlands Food and Consumer Product Safety 
Authority, Netherlands; f.scolamacchia@uu.nl

Surveillance systems of vector-borne diseases are based on the systematic collection of relevant information, 
which necessarily include data on the presence, abundance, and ecology of the vector and its interactions 
with the environment. Palaearctic Culicoides midges represented a vital link in the northward advance of 
the bluetongue virus serotype 8 in north-western Europe. The principal ecological determinants of weekly 
fluctuations in Culicoides vector abundances during the bluetongue epidemics in The Netherlands in 
2007 and 2008 were quantified within a hurdle modelling framework. The relative role of meteorological 
parameters showed a broadly consistent association across species, with larger catches linked to temperature 
related variables and lower wind speed. Moreover, both vector abundance and species diversity were found 
to be influenced also by edaphic factors, likely related to the species-specific breeding habitat preferences 
that differed markedly amongst some species. This is the first study on the Culicoides vector species of The 
Netherlands in which an attempt is made to pinpoint those factors, which at regional scale, influence midge 
abundance levels and geographic range. In addition to providing key inputs into risk mitigating tools for 
midge-borne pathogens and disease transmission models, the adoption of methods that explicitly address 
certain features of abundance datasets (frequent zero count observations and over-dispersion) helped enhance 
the robustness of the ecological analysis.
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Iranian NSP-serosurvey to estimate FMD infection level where impure FMD vaccine is used
Emami, J.1, Mclaws, M.2, Emami, A.1, Ghaffari, R.1, Sedghi, N.1, Rasouli, N.3 and Bartels, C.2, 1Iranian 
Veterinary Organisation, West Azarbaijan, Iran, 2European Commission for the Control of Foot-and-Mouth 
Disease, Rome, Italy, 3Iranian Veterinary Organisation, Tehran, Iran; info@chrisbartels.eu

More than 5000 suspected Foot and Mouth Disease (FMD) outbreaks were reported in Iran in 2010 despite 
mass vaccination of ruminants. The Iranian Veterinary Organisation has partnered with EUFMD/FAO in a 3 
year project to strengthen FMD surveillance nationwide and to progress from Stage 1 to 3 on the FMD-PCP 
(Progressive Control Pathway) in its most western province, West Azerbaijan (WAZB). The objective of 
this study was to determine the baseline level of FMD infection in WAZB through a sero-survey combined 
with a questionnaire about putative risk factors for FMD infection. In a 2-stage sampling design, 30 calves 
(6-24 months) in each of 300 randomly-selected epidemiological units (epi-units), stratified proportionally 
by husbandry system were sampled. Samples were tested for FMD non-structural proteins (NSP) antibodies 
(Ab) (Prionics). As the FMD vaccine used in Iran is impure, NSP-Ab induction may occur by vaccination. 
This was accounted for by increasing the cut-off value (75% instead of 50% inhibition) and a sensitivity 
analysis to evaluate effects of this increased cut-off value. The data were analysed using a random-effects 
logistic model, accounting for clustering of animals within households and clustering of households within 
epi-units. Over 80% of epi-units had 5 or more calves positive for NSP-Ab, whereas clinical signs of FMD 
were observed in only 18% of epi-units in the previous 12 months. Thirty percent of calves too young to 
be vaccinated during the last campaign tested positive, compared to 42% old enough to be vaccinated at 
least once. Calves in dairy and beef farms were more likely to test positive compared with villages as were 
calves from trading owners compared with non-trading owners. The same risk factors were indicated using 
50% inhibition cut-off.

Analysis of foot and mouth disease in mainland South East Asia
Madin, B.1, Abila, R.2 and Cameron, A.1, 1AusVet, Australia, 2South East Asia and China FMD Campaign, 
Thailand; ben@ausvet.com.au

Describing Foot and Mouth Disease (FMD) as endemic throughout mainland South-East Asia is significantly 
understating the complexity of the epidemiological picture throughout the region. The distribution of the 
three serotypes in the region (O, A and Asia1) is further complicated by a number of different topotypes 
also being present in local pools. Continuous trade in livestock allows the introduction of differing strains 
of FMD into naïve populations on a regular basis, creating explosive outbreaks. This paper evolved from a 
collaboration with the South-East Asia and China FMD Campaign to evaluate ten years worth of reporting 
of FMD outbreaks from member countries. A component of the campaign is to identify sites where it may 
be necessary to introduce vaccination campaigns to control outbreaks of disease. The data for this analysis 
included 5 237 reports submitted to the campaign from the start of 2000 until mid 2010. Although date, 
outbreak location (at the province and district level) and serotype plus information on the outbreak size and 
affected species was available, not all reports had complete information on serotype, number of animals 
affected or population at risk. Outbreak reports were standardised by number of villages and the number 
per province were compared over years to identify provinces with consistently high or low reporting 
numbers. Spatial and spatio-temporal cluster detection methods using R and SaTScan identified a number 
of significant clusters of each serotype over the ten year period. A number of different real-time detection 
algorithms were implemented in a web based query system. Although endemic across the region, FMD is not 
uniformly present. Initiatives on training and reporting are helping to improve the sensitivity of the system. 
Advances in decentralised testing techniques offer hope for improved verification of FMD. Improvements in 
molecular typing and further research in livestock movements will be vital for understanding the circulation 
of FMD in South East Asia.
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Detection of high risk diseases for farmed salmonids in wild fish populations surrounding salmon 
farms in Southern Chile
Yatabe, T.1, Miranda, P.2, Perez, A.M.1 and Contreras, S.A.2, 1CADMS, Department of Medicine and 
Epidemiology, University of California, Davis, USA, 2Instituto de Fomento Pesquero, Departamento de 
Salud Hidrobiológica, Chile; tyatabe@ucdavis.edu

Infectious diseases are one of the major constraints to salmon industry, for which the role of wild fish in 
disease maintenance and spread is an important concern. The objective here was to assess the presence of 
several high-risk salmonid diseases in populations of wild fish located nearby salmon farms in southern 
Chile. Association between outbreaks of infectious agents in salmon farms and agents detection in wild 
fish was also assessed. Wild fish were sampled within 5-km radius that surrounds salmon farms in the 
sea of 10th and 11th regions. Tissue samples were tested for specific bacterial and viral agents by PCR 
assays. A logistic regression model was used to test the association between fish farm variables, including 
outbreaks of infectious agents, and agents detection in wild fish. Most of the collected wild fish (n=1,490) 
were Eleginops maclovinus (n=763) and Odonthestes regia (n=275), whereas the remaining 452 fish were 
of different species. Piscirickettsia salmonis was found in 51 (6.41%) of the samples and it was the only 
infectious agent detected. A significant association was found between a previous outbreak of P. salmonis 
in the fish farm and detection of the agent on wild fish (P=0.003). In two sampled locations, sample size of 
E. maclovinus was sufficient to support the hypothesis that the wild population surrounding the farm was 
free from other agents. Unfortunately, for the remaining locations and species sample size was not sufficient 
to assess this. Results here show an epidemiological association between outbreaks in farmed salmon and 
detection of the outbreak agents in wild life populations, where wild fish may play a role in emergence and 
transmission of at least certain farmed salmonid diseases in southern Chile. This information is useful for 
developing policies for disease control in farmed salmon in the country.

Rate of introduction of a low pathogenic avian influenza virus infection in different poultry production 
sectors in the Netherlands
Gonzales, J.L.1, Stegeman, J.A.2, Koch, G.1, De Wit, J.J.3 and Elbers, A.R.W.1, 1Central Veterinary Institute, 
part of Wageningen UR, Netherlands, 2Faculty of Veterinary Medicine, Utrecht University, Netherlands, 
3Animal Health Service (GD Deventer), Netherlands; armin.elbers@wur.nl

Targeted risk-based surveillance of poultry types (PT) with different risks of introduction of low pathogenic 
avian influenza virus (LPAIv) infection may improve the sensitivity of a surveillance programme. Thus, the 
objective of this study was to quantify the rate of introduction of LPAIv infections into different PT (layer-
chickens, Ducks, Turkeys, etc) in the Netherlands. Data from the Dutch LPAIv surveillance programme 
(2007-2010) were analysed using generalised linear mixed and spatial models. The rate and relative risk 
of introduction of a LPAIv infection into poultry were quantified. The rate of introduction of LPAIv onto 
indoor-layer farms was 3.5×10-4 per month. Outdoor (free range) layer, turkey, duck breeder and meat-duck 
farms had a 11, 8, 24 and 13 times higher rate of introduction of LPAIv than indoor layer farms, respectively. 
Although not significant, the rate of introduction into broiler, chicken breeder and pullet farms, appears 
to be lower than indoor layer farms. No significant spatial clustering was identified. Differences in rate of 
introduction of LPAIv can be used to (re)design a targeted risk-based surveillance programme.
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Incursions of cyprinid herpesvirus-2 in goldfish populations in Australia despite quarantine practices
Becker, J.A.1, Tweedie, A.1, Rimmer, A.1, Landos, M.1,2, Lintermans, M.3 and Whittington, R.J.1, 1University 
of Sydney, Faculty of Veterinary Science, Australia, 2Future Fisheries Veterinary Service Pty Ltd, Australia, 
3University of Canberra, Institute for Applied Ecology, Australia; joy.becker@sydney.edu.au

Nearly 18 million ornamental fish were imported into Australia in 2007, including approximately 3.9 million 
goldfish. A further 7 million goldfish were domestically produced from aquaculture to supply the pet fish 
industry. Despite quarantine regulations during importation, there have been several incidents in Australia 
where exotic pathogens have become established in farmed or free-living fish species. The exotic virus 
Cyprinid herpesvirus 2 (CyHV-2) was first found in Australia in 2003 from privately owned goldfish. At 
the time, this suggested that sub-clinically infected goldfish were passing quarantine regulations requiring 
health certification and three weeks of quarantine. Subsequently in 2008, an opportunistic survey of retail 
outlets reporting sick or moribund fish in Sydney, Australia revealed that CyHV-2 was detected in 17% 
(15/87) of goldfish. However, since retail outlets contain an assortment of imported and domestic goldfish 
sharing the same environment, the source of the virus could not be identified. Furthermore, domestic breeders 
have anecdotally claimed that their stock succumb to diseases when brought into contact with imported 
goldfish in wholesale and retail premises. A series of targeted surveys were conducted to determine whether 
CyHV-2 is has already established in farmed or wild ornamental fish in Australia. For this purpose, goldfish 
populations were tested to OIE standard to detect 2% prevalence with 95% confidence assuming a test of 
100% sensitivity and specificity. CyHV-2 was detected in domestic goldfish at farms, wholesalers and retail 
outlets and in wild goldfish populations. The results of this study demonstrated that the virus is established 
in Australia and were used to inform quarantine policy to revoke the requirement for goldfish exported to 
Australia to be certified free of CyHV-2.

Prevalence of dwarf gourami iridovirus (DGIV) in imported and domestic ornamental fish in Australia 
and the risk posed to native fish
Rimmer, A.E.1, Whittington, R.J.1, Tweedie, A.1, Landos, M.1,2, Lintermans, M.3 and Becker, J.A.1, 1University 
of Sydney, Faculty of Veterinary Science, Australia, 2Future Fisheries Veterinary Science Pty Ltd, Australia, 
3University of Canberra, Institute of Applied Ecology, Australia; anneke.rimmer@sydney.edu.au

The movement of ornamental fish through exporting and importing practices is a major factor for the 
transboundary spread of pathogens. Australia has one of the most stringent standards for the importation of 
ornamental fish which includes pre-border health certification, inspection upon arrival and a mandatory 1-3 
week quarantine period in a quarantine approved premise. Despite these quarantine measures, in 2003 an 
exotic viral pathogen known as dwarf gourami iridovirus (DGIV) was the causative agent of a mass mortality 
event in farmed Murray cod (Maccullochella peelii peelii), an iconic native species of high conservation 
value. This outbreak and the subsequent detection of DGIV in ornamental fish in Australian retail outlets 
showed that it is likely that DGIV is being translocated to Australia due to inadequecies in quarantine 
and as a result a review of quarantine policy was undertaken. Imported ornamental fish including those 
arriving at Australia’s border and those released from quarantine and domestic farmed and wild ornamental 
fish were tested in a series of targeted surveys to determine the extent of DGIV in Australia. DGIV was 
detected in 21% (266/1,283) of imported fish tested prior to quarantine and 15% (90/598) of fish tested 
from wholesale and retail outlets post-quarantine. Of concern is the potential for the release of DGIV to 
the natural environment. Experimental trials demonstrated that in addition to Murray cod other important 
native fish are susceptible to DGIV. Due to the significant biosecurity risk posed to freshwater ecosystems 
a qualitative risk assessment to estimate the likelihood of DGIV entering the natural environment through 
the ornamental fish trade was conducted. The results of this study will be used to inform imminent changes 
in quarantine policy.
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Do imports of rainbow trout carcasses risk introducing viral haemorrhagic septicaemia virus into 
England and Wales?
Peeler, E.J., Oidtmann, B.C., Thrush, M.A., Dixon, P.F. and Pearce, F.M., Centre for Environment, Fisheries 
and Aquaculture Science, Epidemiology and Risk, United Kingdom; ed.peeler@cefas.co.uk

A qualitative import risk analysis (IRA) was undertaken to assess the likelihood of introduction and 
establishment of Viral haemorrhagic septicaemia virus (VHSV) genotype 1a in England and Wales (E&W) 
via the processing of imported rainbow trout (RBT) carcasses. Four main routes by which populations of 
susceptible species could be exposed to VHSV (via processing waste) were considered: 1. run-off from solid 
waste to watercourses, 2. contamination of birds or rodents with VHSV by scavenging solid waste, 3. liquid 
waste discharge to mains drainage, and 4. discharge of liquid waste directly to watercourses. Data on the 
biophysical characteristics of the virus, the epidemiology of the disease, and fish processing in E&W were 
collated. Likelihoods for each step of the four pathways were estimated. Pathway 4, the discharge of liquid 
waste (which may be untreated) directly to a watercourse, was judged most likely to result in exposure that 
might result in infection (and thus establishment). Levels of virus entering the aquatic environment via 
pathways 1 to 3 were judged to be many times lower than pathway 4 due mainly to the treatment of solid 
waste and high levels of dilution. Close physical proximity of on farm processing facilities to susceptible 
farmed and wild populations increases the risk of VHSV exposure and establishment via all four pathways. 
Other routes of mechanical spread may also be important. The analysis was constrained by a lack of data 
on farm level and within farm prevalence of VHSV, volume of trade in RBT and processing practices. A 
more accurate assessment of the likelihood of exposure and establishment requires quantitative data on viral 
concentrations in waste and the minimum infectious dose. Nevertheless it was concluded that the threat of 
VHSV introduction into E&W could be reduced by treatment of liquid effluent and sourcing carcasses for 
on-farm processing from approved VHSV free areas only.

From introduction to eradication: Spring Viraemia of Carp (SVC) in the UK
Taylor, N.G.H., Denham, K.L., Peeler, E.J., Crane, C.N., Thrush, M.A., Dixon, P.F., Stone, D.M., Way, K. 
and Oidtmann, B.C., Centre for Environment, Fisheries and Aquaculture Science (Cefas), Epidemiology 
and Risk, United Kingdom; nick.taylor@cefas.co.uk

Spring viraemia of carp (SVC) is a cyprinid fish disease of international importance that can cause significant 
mortality. In the UK, SVC was first detected in 1977 with further cases occurring in fisheries, farms and 
retail establishments throughout England and Wales (few cyprinid populations exist in Scotalnd) over the 
subsequent 30 years. Following a control and eradication programme for the disease initiated in 2005, the 
UK was declared free in 2010. This study compiles historic records of SVC cases in England and Wales 
with a view to understanding its routes of introduction and spread, and assessing the effectiveness of the 
control and eradication programme with a view to improving contingency plans to prevent and control future 
disease incursions in the cyprinid fish sectors. Between 1977 and 2007 the presence of SVC was confirmed 
on 105 occasions, with 65 of the cases occurring in sport fisheries and the majority of the remainder occurring 
in the ornamental fish sector. The study found that throughout its 30 year history in the UK, though cases 
were widely distributed, their occurrence was sporadic and the virus did not become endemic. Unlike 
koi herpesvirus (KHV) which affects the same industry sectors, SVC was not able to persist under UK 
environmental conditions, suggesting that the majority of cases were a result of new introductions to the 
UK and not within country spread. The control and eradication programme adopted was highly effective 
and within two years of its implementation cases of SVC ceased. Given the non-persistent nature of the 
pathogen the most important aspect of the control programme focused on preventing re-introduction of 
the virus to the UK. Despite the effectiveness of these controls against SVC, this approach is likely to be 
less effective against more persistent pathogens such as KHV, which are likely to require more stringent 
measures to prevent within country spread.
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The relationship between lying time and the prevalence of lameness in free-stall dairy barns in Alberta
Solano, L.1, Barkema, H.1, Pajor, E.1, Mason, S.2, Depasille, A.3, Rushen, J.3, Gibbons, J.3, Vasseur, E.3, 
Brouwers, A.1, Leblanc, S.4 and Orsel, K.1, 1University of Calgary, Production Animal Health, Canada, 
2Alberta Milk, Canada, 3Agriculture and Agri-Food Canada, Canada, 4University of Guelph, Population 
Medicine, Canada; lmsolano@ucalgary.ca

Lameness is a significant problem in the dairy industry. In addition to economic losses, it causes pain and can 
have long-term effects on cow welfare. Extremely long or short lying times are associated with lameness. The 
intent of this study was to evaluate lying behavior as a diagnostic tool to detect lameness on-farm. Materials 
and To measure standing and lying time, accelerometers were fitted on 40 Holstein cows from 80 free stall 
barns. Information on the frequency and duration of lying time was monitored over a 4-day period. To assess 
lameness, cows were gait scored by trained observers on the presence or absence of limping, asymmetric 
steps and head bob at the start of data collection. Preliminary analysis showed a within herd prevalence of 
21% (3-68%) lameness. The average lying time (h/day) for lame and non-lame cows was 10.9 (5.7-18.2) 
and 10.1 (2.3-15.2) respectively. Eighty percent of the cows with high lying times (>14 h/day) were lame 
and 78% with low lying times (<8 h/day) were non-lame. Through linear regression analysis, a better insight 
in the relation between the lying time and lameness will be provided. Within herd differences were larger 
compared to between herd differences, indicating a strong farm effect. There is a large variation within 
and between herds in terms of lying time among non-lame and lame cows. Cows showing extended lying 
time, independent from the farm of origin, were more likely to be identified lame when compared to cows 
with low lying times. This suggests that extreme lying times could be a useful tool to detect lame cows.

Factors affecting cure after a collective topical treatment of digital dermatitis in dairy farms
Relun, A.1,2, Bareille, N.2, Lehébel, A.2 and Guatteo, R.2, 1Institut de l’Elevage, France, 2ONIRIS, INRA, 
UMR 1300, Biology, Epidemiology and Risk Analysis, France; nathalie.bareille@oniris-nantes.fr

A controlled field trial was conducted to evaluate in dairy cattle the benefit provided by different regimens 
of a collective topical treatment using a solution of copper and zinc chelates to cure digital dermatitis (DD), 
and to investigate factors that could explain variations in the clinical cure of DD lesions. The study involved 
4,677 dairy cows from 52 French dairy farms where DD was endemic. The farms were quasi-randomly 
allocated to 1 of 4 treatment regimens for 6 months: no collective treatment (Control), walk-through footbath 
during 4 consecutive milkings every 4 weeks (FB/4W) or every 2 weeks (FB/2W) and collective spraying 
during 2 milkings fortnightly (CS/2W). For welfare reasons, all farmers also had to treat all detected active 
DD lesions with individual topical spraying of oxytetracycline. DD was scored on all lactating cows during 
milking 7 times every 4 weeks by 14 trained investigators. During these farm visits, data related to cow 
characteristics and farm management also were collected. The curative effectiveness of collective treatments 
was assessed through a Cox survival frailty model (adjusted for farm and investigators) as the probability 
of cure of an active DD lesion during at least 2 consecutive visits. Monthly DD cure rates were 58%, 55%, 
76% and 76% in the Control, FB/4W, FB/2W and CS/2W regimens respectively. Hazard of cure of DD was 
increased by 1.28 and 1.41 when respectively walk-through footbath and collective spraying were applied 
over 2 days every fortnight compared to the control regimen, whereas the FB/4W regimen was not efficient. 
Three main factors were identified as quickening DD healing: cleanliness of the feet, initial small size of the 
DD lesion and additional individual topical treatment. Grazing tended to speed DD healing. These results 
highlight the need of combining several control measures to ensure a high and fast cure of digital dermatitis 
on endemically affected farms.
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An approach to estimating the reliability of pooled diagnostic tests for fish diseases
Hall, L.M. and Murray, A.G., Marine Scotland Science, United Kingdom; malcolm.hall@scotland.gsi.gov.uk

Many fish disease diagnostic tests use tissue samples pooled from several individuals. It is not, however, 
appropriate to assume that the operational sensitivities (Se) and specificities (Sp) of tests on pools are the 
same as those on individuals. This is because the number of infected individuals in a pool can affect the 
signal generated by a test. We propose an approach which provides information on the reliability of pooled 
diagnostic tests, allows comparison with individual diagnostic tests, and can lead to improved cost effective 
surveillance. The experimental design involves sampling individuals from two or more populations with 
different infection prevalences and testing the infection status of these individuals using two or more 
diagnostic tests. The individuals are also randomly assigned to one of several pooled groups which are 
subject to the same diagnostic tests. Standard Bayesian non-gold standard statistical methods are used to 
estimate the prevalence of infected individuals in each population. An extension of these methods can also 
used to estimate the Sp of pooled tests. These estimates are used to convert the observed distribution of 
the number of test positive and negative pools containing a given number of test positive individuals to 
an estimated distribution of the number of test positive and negative pools containing a given number of 
infected individuals. A generalised linear model is used to estimate the association between the estimated 
proportion of pools testing positive (dependent variable) and the number of infected individuals in a pool 
(explanatory variable). This equation is used to estimate the prevalence (and confidence intervals) at which 
50% of pools test positive and this statistic can be used to characterise the ability of a pooled diagnostic 
test to detect the presence of an infected individual. The advantages and limitations of this approach will 
be illustrated using data for salmonid alphavirus and infectious salmon anaemia virus collected by our 
laboratory over the last four years.

Nervous necrosis virus: new tests and epidemiological investigations suggest a way forward in disease 
control
Whittington, R.J.1, Jaramillo, D.1, Hick, P.1, Frances, J.2, Kirkland, P.2, Arzey, E.2, Crane, M.3, Moody, 
N.3, Dyrting, K.4 and Anderson, I.5, 1The University of Sydney, Faculty of Veterinary Science, Australia, 
2Elizabeth Macarthur Agricultural Institute, NSW Industry and Invetment, Australia, 3CSIRO, Australian 
Animal Health Laboratory, Australia, 4Berrimah Veterinary Laboratory, Northern Territory Government, 
Australia, 5Oonoonba Veterinary Laboratory, Queensland Department of Primary Industries, Australia; 
richard.whittington@sydney.edu.au

Nervous necrosis virus (NNV) affects >35 species of fish worldwide and causes substantial economic 
losses in aquaculture of marine finfish. It has also reduced options for restocking wild fisheries due to fears 
the disease may spread from aquaculture. In Australia, the disease has primarily affected the production of 
barramundi (Lates calcarifer), with losses of up to 100% occurring in some hatcheries. Other species such as 
reef fish, striped trumpeter and Australian bass have also been affected. Previously the gel-based polymerase 
chain reaction (PCR) was used to detect NNV but in many cases infection was present despite negative test 
results and so the test did not predict the likelihood of an outbreak. A new, sensitive and validated quantitative 
(q) PCR test is now available for NNV. This has enabled an epidemiological study which involved intensive 
repeated cross sectional sampling of barramundi during the production cycle over several years, and has 
provided key evidence that infection was derived horizontally rather than vertically from broodstock. 
Current research is focussed on developing and applying serological (blood) tests to complement the qPCR 
method. This will provide information on whether antibody status of broodstock can be used as an indicator 
of infection in a fish population. This project is supported by the Australian Research Council and by the 
Fisheries Research and Development Corporation on behalf of the Australian government.
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The use of scoping studies in agri-food public health: opportunities and challenges
Pham, M.T.1,2, Rajić, A.2,3, Greig, J.D.1, Waddell, L.A.1,2, Wilhelm, B.J.1,2, Young, I.1 and Mcewen, S.A.2, 
1Public Health Agency of Canada, Laboratory for Foodborne Zoonoses, Canada, 2University of Guelph, 
Department of Population Medicine, Canada, 3Food and Agriculture Organization of the United Nations, 
Agriculture and Consumer Protection Department, Italy; phamm@uoguelph.ca

Scoping studies are a research synthesis approach that aims to rapidly identify, characterize and map the 
research knowledge underpinning a broad topic. They can play an important role in informing policy and 
decision-making due to their transparent and rapid process, as well as their ability to address complex, 
multidisciplinary issues. This study describes the methodological characteristics and current use of scoping 
studies, and the opportunities and challenges for their methodological standardization and wider use in 
agri-food public health. Four electronic databases and the grey literature were search to identify scoping 
studies written in English, French or Spanish, published by June 2011. Abstract relevance screening and 
characterization of relevant studies were performed by two independent reviewers using pre-tested forms. 
Descriptive statistics were calculated to summarize the data. Of the 182 scoping studies included in the 
study, 83% were conducted in the health sector (n=151). Study implementation varied from 20 days to over 
a year, and 50% utilized a published methodological framework (n=91). The scope of the search strategy and 
the number of reviewers varied among studies. Quality assessment of included studies was infrequently a 
part of the methodological process (n=41). Presentation of the evidence ranged from descriptive narratives 
to detailed tables and graphical diagrams. Scoping studies are a useful research synthesis approach for 
addressing broad, policy-driven issues. It is a methodology that can enhance evidence-informed policies 
and practice in agri-food public health by ensuring that current evidence is effectively synthesized and 
translated to appropriate end-users.

The use of the bibliometric H-index to quantify pathogen impact in North America
Cox, R.1, Mcintyre, K.M.2, Sanchez, J.1, Setzkorn, C.2, Baylis, M.2 and Revie, C.W.1, 1University of Prince 
Edward Island, Atlantic Veterinary College, Centre for Veterinary Epidemiological Research, Canada, 
2University of Liverpool, Faculty of Health and life Sciences, United Kingdom; rucox@upei.ca

Disease surveillance requires reliable ways to identify the most likely pathogen threats and given limited 
resources, policy decision makers need rational methods with which to prioritise diseases. Such prioritisation 
often involves the use of decision support tools to identify which diseases to target and on which areas to 
focus resources and funding. The work presented here investigated a novel quantitative method to measure 
the relative impact of diseases that could complement more conventional risk assessment. It involves the 
use of the Hirsch index (H-index). The H-index has often been used to quantify an individual’s scientific 
research output by measuring the number of published papers and the number of times that the papers have 
been cited. Recently it has been tested as an objective measure of the impact of human pathogens. Here 
we use it to identify and assess the characteristics of infectious diseases that have the highest impact upon 
health in the North American region. A previously generated list of 6073 infectious organisms known to 
have pathogenic effects upon humans was used, though many have zoonotic potential. We used literature 
searching mechanisms in PubMed (for 1900 to 2009) to determine that around 1,800 of these pathogens 
have been recorded in North America (Canada, USA, Mexico, Greenland). The H-index of these pathogens 
was calculated using Web of Science and scores ranged from 0 to 584. For a small selection of pathogens 
the H-index was calculated from 1900 to 2009 in order to assess how it varies over time. The H-index of 
pathogens was compared to their emerging and zoonotic potential.
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Bayesian analysis of risk factors for infection with a genotype of PRRS virus in Ontario swine herds 
using monitoring data
Kwong, G.1, Poljak, Z.1, Deardon, R.2 and Dewey, C.1, 1University of Guelph, Department of Population 
Medicine, Canada, 2University of Guelph, Department of Mathematics & Statistics, Canada; 
gkwong@uoguelph.ca

Porcine Reproductive and Respiratory Syndrome (PRRS) has a worldwide distribution. The impact of PRRS 
is approximately $600 million in losses annually to the US swine industry and $130 million in Canada. 
This economically important endemic disease causes reproductive failure in breeding stock and respiratory 
tract illness in young pigs. In Ontario RFLP 1-18-4 has been determined as one of the most common virus 
genotypes, and one that is associated with severe clinical presentation at the herd level. Individual-level 
models (ILMs) for infectious diseases, fitted in a Bayesian MCMC framework, have been used to describe 
both the spatial and temporal spread of diseases. They are an intuitive and flexible class of models that can 
take into account population heterogeneity via various individual-level covariates. The objective of this study 
is to identify risk factors for the spread of the genotype 1-18-4 from monitoring data in southern Ontario 
using ILMs. Specifically, we explore networks through which resources are obtained or delivered, as well 
as the ownership structure of herds, and identify factors that may be contributing to high risk of infection. A 
population of 316 herds which experienced their PRRS outbreaks between September 2004 and August 2007 
are included in the analyses, in which 194 (61%) are sow herds. During the study period, 45 herds (27 sow 
herds) experienced their first outbreak due to RFLP 1-18-4. Our preliminary results show that sharing the 
same herd owners, gilt sources and market trucks are the important factors for disease spread. Geographical 
locations of herds do not seem to be crucial. Risk factors such as control strategies (including vaccine used, 
serum inoculation and feedback), bio-security measures related to trucking information, number of infected 
herds in the population, and herd types are also considered in the models used.

A stochastic mathematical model of the transmission dynamics of porcine reproductive and respiratory 
syndrome virus (PRRSV) in a metapopulation
Franklin, D., Medley, G.F. and Green, L.E., University of Warwick, School of Life Sciences, United Kingdom; 
d.franklin@warwick.ac.uk

Endemic diseases such as Porcine Reproductive and Respiratory Syndrome (PRRS) and Swine Dysentery 
(SD) are persistent and heavy burdens on the pig industry in Great Britain. We investigate the transmission 
and persistence of these diseases, with emphasis on the metapopulation (i.e. between herd) processes. 
Mathematical models are being developed to explore potential control and intervention strategies. 
A continuous time stochastic model framework to simulate the demographic processes (birth, death, 
movement) and transmission of disease through a metapopulation has been developed. Each farm in the 
metapopulation is comprised of 6 demographic groups representing the life cycles of pigs in a commercial 
herd. Pig movement data (RADAR) are used to characterise farm-types and their connections within the 
metapopulation. The networks of pig farms can be complex, and do not apparently conform to ‘perceived 
wisdom’. One result is that the impact of specific control interventions have to be considered differently at 
farm and network levels, and the optimum policy is not necessarily the same for both perspectives, i.e. what 
minimises disease in the metapopulation does not minimise disease in the individual farms. Quantitative 
and qualitative results of different interventions will be presented.
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Randomized clinical field trial of the effects of viral vaccination on the incidence of bovine respiratory 
disease, mortality, and growth in dairy heifer calves
Windeyer, C.1, Leslie, K.2, Godden, S.3, Hodgins, D.4, Lissemore, K.2 and Leblanc, S.2, 1University of 
Calgary, Faculty of Veterinary Medicine, Dpt. of Production Animal Health, Canada, 2University of 
Guelph, Ontario Veterinary College, Dpt. of Population Medicine, Canada, 3University of Minnesota, 
Dpt. of Veterinary Population Medicine, USA, 4University of Guelph, Ontario Veterinary College, Dpt. of 
Pathobiology, Canada; c.windeyer@ucalgary.ca

Bovine respiratory disease (BRD) is one of the major causes of morbidity and mortality in young dairy 
cattle. The objective of this randomized clinical trial was to determine the effectiveness of one or two 
doses of a modified-live viral vaccine administered to heifer calves prior to weaning. A total of 2,874 heifer 
calves from 19 commercial dairy farms in Minnesota, USA and Ontario, Canada were enrolled at 1 to 7 
d of age. Calves were randomly assigned to receive a commercial, intramuscular, modified-live vaccine 
against BVDV-1 and -2, BRSV, BHV-1, and PI-3 at 15 to 21 d of age (2 weeks), 35 to 42 d (5 weeks), 
both 2 and 5 weeks, or sterile saline at both times. The incidence of failure of passive transfer was 11 or 
32%, using cut-points of serum total protein of 5.2 and 5.7 g/dl, respectively. Overall, 22% of calves were 
treated for BRD, mortality was 3.5%, and average daily gain was 0.95 kg/day. These outcomes did not differ 
between vaccination groups. Reasons for these findings may include interference by maternal antibodies, 
responsiveness of the neonatal immune system, timing of immunity relative to pathogen exposure, disease 
caused by pathogens other than those in the vaccine, or herd immunity. However, in this population of home-
raised calves, intramuscular vaccination with a multivalent, modified-live viral vaccine at 2 or 5 weeks of 
age or both was not associated with a decreased risk of BRD or death, or with growth to 3 months of age. 
In populations with a higher incidence of failure of passive transfer or risk of BRD, calves with low levels 
of specific antibodies may respond differently to vaccination.

What happened to pandemics?
Hässig, M., Section for ambulatory clinic and herd health / University of Zurich, Department for Farm 
Animals, Switzerland; mhaessig@vetclinics.uzh.ch

What happened to Pandemics like BSE, Bird flue, Swine flue or SARS? They were not as bad as predicted. 
BSE was only bad in UK, but it was not a pandemic by definition, as it was restricted by time and space. 
One problem was that the pandemics were explained by paraclinicians. Paraclinicians need grants and 
publications, as others too. Consecutive an infectious agent has to be dangerous. For example, each virus 
can mutate, which is a biological axiom of evolution. Therefore, what do we need? People and stakeholder 
need more trust. This can be achieved by better health information. „One medicine’ has to provide the 
required information. Who can provide this information and explain them contextual to the public? Public 
health professionals are needed to fill the gap between medical specialists like paraclinicians and the public. 
„One health’ has to focus on health information in the future. Examples of the problems and interactions 
are given in the presentation as well as a solution of the problem with a special focus on the ECVPH and 
its important possibilities in this context.
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 Investigating the source and spread of Border disease virus in cattle from a persistently infected bull
Mcfadden, A.M.J.1, Tisdall, D.2, Hill, F.I.2, La Rocca, A.3 and Weir, A.4, 1Investigation and Diagnostic 
Centre, MAFBNZ, New Zealand, 2Gribbles, New Zealand, 3AHVLA, Addlestone, United Kingdom, 4Eltham 
vet services, New Zealand; andrew.mcfadden@maf.govt.nz

In this paper we describe an investigation to understand the epidemiology of Border disease virus (BDV) 
occurring from natural infection in a bull. The virus was detected in a beef breeding bull found to be 
persistently infected. Reports of naturally infected cattle with BDV are uncommon in the literature. Poor 
reproductive performance (pregnancy rate of 23% for 57 days) occurred in dairy-heifers exposed to the 
bull persistently infected with BDV from a team of three sires used to mate the heifers. A high prevalence 
(39/40, 98%; 95% CI, 87-100%) of heifers had serological evidence of exposure to BDV. Border disease 
virus was not detected in the ear notches of six calves born to heifers exposed to the affected bull during 
the early mating period. There was no evidence of BDV circulating between cattle on the farm of origin 
of the affected bull. No BDV was detected in serum collected from all calves and adult animals present 
on the farm of origin during 2010. Border disease virus was circulating in sheep, shown by multiple ages 
of sheep being affected and the prevalence of exposure increasing with age of sheep. Exposure events 
between sheep and cattle on this property must be reasonably high as cattle and sheep share grazing during 
the pregnancy period. Therefore it seems that infection in cattle with BDV may be a low probability event 
with transmission of infection requiring other factors additional to shared grazing. Phylogenetic analysis 
of the isolate from the affected bull revealed that it could be allocated within the BDV species in the same 
cluster of the BDV 1 group as New Zealand isolates It was concluded that cattle persistently infected with 
BDV can act as a source of virus for infection of other cattle. The benefit of bovine viral diarrhoea testing 
in cattle could be enhanced by using tests that also detect BDV.

Diagnosed BVDV PI-animals in Northern-Belgium: where do they go?
Ribbens, S.1, De Bleecker, K.1, Van Driessche, E.1, Antonissen, A.1, Laureyns, J.2, Sarrazin, S.2, Dewulf, 
J.2, Mijten, E.3 and Stoop, S.1, 1Animal Health Care Flanders, Belgium, 2University of Gjent, Belgium, 
3Boerenbond, Belgium; stefaan.ribbens@dgz.be

The key to Bovine Viral Diarrhoea Virus (BVDV) control in cattle is the detection and consequent removal 
of PI-animals.Data containing all cattle that tested BVDV antigen positive from a 2-year period from 
October 2009 to October 2011 in Northern-Belgium was investigated. Test-positive animals (BVDV ELISA 
or BVDV PCR) were considered as ‘highly-likely’ to be PI-animals. Laboratory data were linked to the 
Belgian I&R database to determine the location of the herd of detection of these animals. This was compared 
with the actual location and animal status of the detected PI’s. This way, ‘where-abouts’ and animal status 
of these detected PI – animals were constructed. Data were mapped using a GIS system to explore the 
spatial distribution of cattle herds with detected PI animals. A total of 2,951 animals tested BVDV antigen 
positive. Tested animals originated from 1,076 different herds. Based on the animal status and location, we 
can make the following conclusions: only 55.5% (1,411) of the presumed PI-animals were classified dead 
without first being moved to another herd (either through removal or natural death), 13.8% (351) animals 
were dead but had been moved to other herds after their detection. 470 animals (18.5%) were still alive 
and present at the herd of the detection and finally 198 (7.8%) cattle were present on another location or 
112 (4.4%) exported. The average interval between detection and removal was 49.1 days. During the study 
period, we retrieved a total of 1,356 cattle herds with evidence of the (temporary) presence of PI-animals 
(approximately 6.3% of all active cattle herds in Northern-Belgium). Although this is a non-random study, 
the results clearly illustrate that measures to encourage farmers to quickly eradicate PI-animals are crucial 
for the progress of BVDV eradication. Stakeholders should be aware of this if a future BVDV-control 
program is developed for Belgium.
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A multi-country epidemiological investigation of bovine neonatal pancytopenia (BNP)
Pfeiffer, D.U.1, Sauter-Louis, C.1,2, Henning, J.1, Stoll, A.2, Nielen, M.3, Schouten, M.3, Van Schaik, G.4, 
Smolenaars, A.4, Fourichon, C.5, Guatteo, R.5, Madouasse, A.5, Deprez, P.6, De Vliegher, S.6, Laureyns, J.6, 
Jones, B.1, Booth, R.1 and Cardwell, J.1, 1Royal Veterinary College, Veterinary Clinical Sciences, United 
Kingdom, 2Munich University, Germany, 3Utrecht University, Netherlands, 4GD Deventer, Netherlands, 
5ONIRIS, France, 6Ghent University, Belgium; pfeiffer@rvc.ac.uk

Since 2006, a syndrome called bovine neonatal pancytopenia (BNP) has been reported from several 
European countries and, more recently, from New Zealand. The incidence of BNP is low but the case fatality 
rate is high. A causal association with Pregsure BVD vaccination of the dam has been hypothesized and the 
vaccine was withdrawn from the market in August 2010. The current project funded by Pfizer Animal Health 
is designed to identify risk factors associated with BNP occurrence both at herd level and within affected 
herds at animal level. It consists of two nested study components. A case-control study was conducted to 
compare cattle farms that experienced BNP cases with those that did not. Amongst affected herds, a second 
case-control study was performed to compare characteristics of affected and unaffected calves. The study 
was conducted in Belgium, France, Germany and The Netherlands to maximise case recruitment and to allow 
an assessment of the potential impact of country-specific animal management practices. Data collection was 
completed in December 2011, yielding a total of 448 case and 757 control herds and, from the case herds, 
538 cases and 1,511 control calves. Data have been reviewed to refine case definitions before proceeding 
to descriptive, univariable and multivariable analyses. Results from these analyses will be presented.

Insights into the eradication of bovine viral diarrhea in Switzerland: planned, foreseen and unforeseen 
events
Schwermer, H.1, Di Labio, E.1, Struchen, R.1, Presi, P.2 and Perler, L.1, 1Federal Veterinary Office, 
Monitoring, Switzerland, 2Vetsuisse-Faculty, University of Berne, Veterinary Public Health Institute, 
Switzerland; heinzpeter.schwermer@bvet.admin.ch

Switzerland started the eradication of bovine viral diarrhea (BVD) in 2008. The concept for the eradication 
without vaccination was based on testing ear-notch samples from bovines directly for BVD virus and 
eliminate positives – persistently infected (PI) animals – from the population. The whole national stock was 
tested in 2008, and since 2009 all newborn calves are tested within the first weeks of live. Initially, it was 
scheduled to eliminate the virus from the livestock population within the year 2009 and to move to a less 
costly serological surveillance in 2011 at the latest. The situation in 2012 is that newborn calves are still 
tested within the first weeks of life. Observed obstacles for the planned time schedule were on the one hand 
reasons from the field: false negative test results, mixing of stock from different farms on alpine pasture, 
in few cases farmer’s reluctance to take improved hygiene measures. On the other hand, the Veterinary 
Service’s attitude towards a serological surveillance was dismissive. Thus, if a very easy, communicable 
and effective method is to be replaced by a more complicated one an early start of information is especial 
necessary to inform all stakeholders. Additionally, it seems that the initial schedule was set up in spite of a 
lack of information on the serological status of the cattle population with respect to age and purpose. We will 
present data and analyses showing (1) the course of the eradication campaign; (2) examples of the observed 
obstacles; and (3) how information of stakeholders and the communication within the Veterinary Service 
was set up. We describe the current situation concerning the possibilities for serological surveillance and 
the data needed to schedule the time intervals in BVD eradication programs if serological surveillance is 
not implemented from the beginning.
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Phylogeographic analyses of low virulent infectious salmon anaemia (ISA) virus (HPR0) in farmed 
Atlantic salmon in Norway
Lyngstad, T.M.1, Kristoffersen, A.B.1,2, Hjortaas, M.J.1, Devold, M.3, Bjerke Larssen, R.4 and Jansen, P.A.1, 
1Norwegian Veterinary Institute, Norway, 2University of Oslo, Norway, 3PatoGen Analyse AS, Norway, 
4Norwegian School of Veterinary Science, Norway; trude.lyngstad@vetinst.no

Infectious salmon anaemia (ISA) is a severe disease in farmed Atlantic salmon (Salmo salar) that has 
caused epidemic outbreaks worldwide. The disease is caused by virulent Isavirus (ISAV) within the family 
Orthomyxoviridae. ISAV has a genome consisting of 8 segments, of which the Hemaglutinin esterase (HE) 
glycoprotein is encoded by segment 6 (the HE gene). A low virulent variant of ISAV (HPR0) have been 
reported with increasing frequencies. HPR0 ISAV is characterized by a full length of nucleotides in the 
highly polymorphic region (HPR) of the HE gene, and is proposed to be an ancestor of virulent ISAV. Here, 
we aim to study the phylogeographical distribution of HPR0 ISAV in farmed salmon in Norway, as well as 
phylogeographical associations between virulent ISAV and HPR0. We sampled 232 fish groups of Atlantic 
salmon along the coast, in total 9,474 fish, including fish groups with both juvenile, on-grown marine, and 
brood stock salmon. Real-time rtPCR was used for the detection of ISAV, and the Hemaglutinin esterase (HE) 
gene was sequenced from positive samples. We used a Mantel test to test for phylogeographical associations 
between pairs of HPR0 HE gene sequences. Furthermore, we used a rank test to test for associations 
between HE gene sequences from virulent ISAV and HPR0. The results show that HPR0 is widespread 
in farmed populations of Atlantic salmon in Norway, especially in seawater, but also in freshwater. We 
found a significant positive correlation between genetic and geographic distances between pairs of HPR0, 
suggesting that the population of HPR0 in Norway is genetically structured. Finally, we show that there is 
a spatial association between virulent ISAV and HPR0, supporting the hypothesis that ancestral HPR0 may 
undergo a transition to virulent ISAV.

Risk factor analysis for infectious salmon anaemia virus positivity of Atlantic salmon farms in 
southern Chile
Arriagada, G.1, Alegría, R.1, Sanchez, J.2, Casali, M.3 and Urcelay, S.1, 1Faculty of Veterinary and Animal 
Sciences, University of Chile, Chile, 2Atlantic Veterinary College, University of Prince Edward Island, 
Health Management, Canada, 3National Fisheries Service, Chile; garriagada@gmail.com

Infectious salmon anaemia (ISA) is a highly contagious viral disease that affects the Atlantic salmon (Salmo 
salar), caused by the infectious salmon anaemia virus (ISAV). ISA is present in Chile since 2007 and it has 
affected most of growing-up areas. After three years of its entry into force, the ISA Surveillance and Control 
Official Program (ISA-SCOP), is currently being updated, process that considers the incorporation of risk 
for surveillance activities. The objective of this study was to identify risk factors for positivity to ISAV at 
fish farm level, in order to use this information in the reformulation of official surveillance strategies. The 
study design was a retrospective single cohort, where the study unit was defined as the salmon farm. Study 
population was formed by all salmon farms in operation between January 2008 and December 2010 in Los 
Lagos region. Cox proportional hazards model (CPHM) was used as the statistical method. Significant 
risk factors for ISAV positivity were: (1) number of stocked fish (HR=1.05); and (2) type of smolt origin 
facility, where lakes and mixed origin had a significantly higher risk than land-based farms (hatcheries) 
(HR=4,68; HR=4,38, respectively). Significant protective factors for ISAV positivity were: (1) fallow 
period (HR=0,96); and (2) multi-species cycle (HR=0,30). These factors might be useful for classify fish 
farms accordingly to the risk of being positive to ISAV. In addition, these factors are commonly set at the 
beginning of the production cycle, which allows a better surveillance planning. Inclusion of these factors 
in official surveillance planning should have positive impacts in the overall surveillance system sensitivity 
and in effectiveness for identification of ISAV positive sites.
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Within-farm spread of infectious salmon anemia virus in Atlantic salmon farms in Chile
Mardones, F.O.1, Perez, A.M.1, Valdes-Donoso, P.1, Jarpa, M.2, Jimenez, D.3, Jansen, P.A.3 and Carpenter, 
T.E.1,4, 1Center for Animal Disease Modeling and Surveillance (CADMS), UC Davis, USA, 2National 
Fisheries Services (Sernapesca), Chile, 3Norwegian Veterinary Institute (NVI), Section of Epidemiology, 
Norway, 4Massey University, EpiCentre, New Zealand; fomardones@ucdavis.edu

Spread of infectious salmon anemia virus (ISAV) at a cage-level was quantified retrospectively from a 
subset of 23 Atlantic salmon farms located in southern Chile. Data collected from official surveillance 
activities were compiled and organized systematically to obtain detailed information about ISAV outbreaks. 
Descriptive statistics were calculated to quantify the magnitude of an ISAV incursion including the infected 
proportion, outbreak duration, and time to secondary infection. Linear and multiple failure time (MFT) 
regression models were used to determine factors significantly associated with cumulative incidence (Rc) and 
hazard rate (HR) for recurrent events, respectively. In addition, the Knox and spatial scan tests were used to 
assess if cage-to-cage transmission was clustered in space and time. Findings suggest that ISAV outbreaks 
lasted 30 weeks (wk) on average (median=26 wk, 95% CI=24-37 wk) affecting 55.8% of susceptible cages 
(95% CI=46.2-65.6%). Median time to secondary diagnosed cages was 23 days. Clinical ISAV outbreaks 
was a significant predictor for an increased Rc, whereas HR was associated with smolt quality and number 
of fish. Spatio-temporal analyses failed to identify clustering of cage-cases, suggesting that farm structure 
may impose contact rates and heterogeneities that may influence the dynamics of ISAV introduction and 
subsequent spread. Results presented here will help to parameterize models for ISAV transmission in Chile 
and other regions in which salmon are intensively farmed.

Co-infection patterns of two high-risk diseases affecting farmed Atlantic salmon in southern Chile 
(2007-2009)
Valdes-Donoso, P.1, Mardones, F.O.1, Jarpa, M.2, Ulloa, M.2, Carpenter, T.E.1,3 and Perez, A.M.1,4, 1UC 
Davis, Center for Animal Disease Modeling and Surveillance (CADMS), USA, 2National Fisheries Services 
(Sernapesca), Chile, 3Massey University, EpiCentre, New Zealand, 4CONICET and Facultad de Ciencias 
Veterinarias UNR, Argentina; pvaldesdonoso@ucdavis.edu

Infectious salmon anemia virus (ISAV) caused a large epidemic in farmed salmon in Chile (2007-2009). 
ISAV epidemics may be exacerbated by sea lice (SL), which increases the susceptibility of infested fish 
and may be a vector for ISAV. In this study, co-infections patterns of ISAV and SL were assessed from a 
surveillance data collected by the fish health authority. ISAV status and SL counts were registered monthly 
in all Atlantic salmon farms located in the 10th region, from July 2007 through December 2009. Each farm 
was categorized monthly according to ISAV/SL status. A multinomial time-space scan test, using an elliptical 
window, was implemented to identify clusters of these categories. A multivariate regression model was 
then fitted to quantify the association between clustering of both diseases and farm management factors. 
Clusters of ISAV-SL co-infection (n=3), only ISAV (n=1), only SL (n=3), and ISAV-SL free (n=1) farms 
were identified. Most clusters (6/8) were associated with high burdens of SL, and the risk ratio was always 
high (>2.5) in those with both diseases. There were significant associations (P<0.05) between characteristic 
of ISAV outbreaks, spatial and on farm risk factors with clusters that showed co-infections. These results 
provide evidence that the interaction between ISAV-SL showed to be the most likely pattern of infection 
during the largest ISAV epidemic. In addition, spatial techniques were able to identify areas where better 
management practices were associated with better sanitary results.

Session 63 Theatre 4

Session 63 Theatre 3



160 ISVEE – Book of Abstracts 2012

Farmers do not do what they know they should do
Raboisson, D.1,2, Sans, P.2, Cahuzac, E.1 and Allaire, G.1, 1INRA, US ODR, France, 2INP-ENVT, France; 
d.raboisson@envt.fr

A new conceptual animal health economics framework is proposed. It focuses on competencies (knowledge 
and know-how) and capabilities (measures and actions) of farmers, and is based on a 2 step analysis of the 
farmer’s health management practices. The first step deals with the learning of farmers, i.e. the diffusion 
of competencies among various stake-holders involved in animal health management, and the second one 
with the way competencies are mobilized by farmers to make decisions and to act (capabilities), i.e. what 
are the determinants of the implementation of health measures, at a given level of competencies. This study 
aims at validating this second step of the framework, and at showing that farmers often know what to do 
(they have competencies) for a health issue but only do it (implementation into capacities) when necessary 
or useful.National identification and milk control program databases were used to calculate herd-level 
production and health indicators. Dairy calf mortality and composite mean somatic cell count (CMSCC) 
were analyzed with a linear and a dynamic panel model, respectively. Results showed that CMSCC of one 
month was positively associated with CMSCC of the 2 previous months, but negatively with CMSCC of 
the third previous month. In other words, the increase of CMSCC was associated with a decrease 3 months 
later. This effect is likely to be related to both external advisers and the farmer’s own behavior change. The 
results showed that farmers had the ability to improve udder health management, but they did it only after 
CMSCC had increased. Moreover, an increase of the male/female ratio was associated with a decrease into 
the mortality of both dairy young and older heifers (from birth to first calving) during this year. It showed 
that the farmers were able to improve the dairy heifer management when the heifer availability decreased. 
The results showed that farmers, in some conditions, know how to improve health, but implement the 
measures only when the situation deteriorates or when they judge it useful, and not on a coutinuous way.

Emergence, control and eradication of infectious salmon anaemia in the Shetland Islands, Scotland
Murray, A.G. and Fraser, D., Marine Scotland Science, Marine Laboratory, United Kingdom; 
Sandy.Murray@scotland.gsi.gov.uk

Infectious salmon anaemia (ISA) is one of the most serious diseases affecting farmed salmon. ISA has caused 
catastrophic declines in production in Chile and the Faeroe Islands and has been a persistent problem in 
Norway and Atlantic Canada. Two outbreaks of ISA have occurred in Scotland, the first in 1998/9 became 
widespread before its eradication. The second in 2008/9 was confined to one area of the Shetland Islands, 
at least in part owing to epidemiological lessons learnt from the 1998/9 outbreak. The outbreak was 
confined because of (1) industry codes-of-practice for good biosecurity in peace time; (2) rapid detection; 
(3) movement bans on confirmation over a pre-defined area; (4) rapid depopulation of confirmed sites; and 
(5) systematic fallowing of the area after last fish removed. Good biosecurity includes codes of practice for 
disinfection of harvest vessels and processing plants and risk-assessing movement of fish between seawater 
sites. These practices reduced the potential for ISAV to spread undiscovered. Detection used intelligence-
based inspection to target sites that had had large mortalities, and diagnostic methods that were improved in 
accuracy since 1998/9. An official area management system, based on tidal excursion distances pre-defined 
the area on which controls were rigorously imposed on confirmation of the index case, these sites in this MA 
(and others with risk-contacts) were placed under enhanced surveillance; five further sites were confirmed, 
all in the MA. On confirmation sites were depopulated within 7 weeks (mean 3.7 weeks). When all the site 
had been cleared, by depopulation or normal harvesting, the whole area was fallowed and placed under a 
special surveillance regime to confirm eradication. The management regime appears to have been effective 
at confining and then eradicating ISA. However, the putative ancestral avirulent HPR0 remains in the area, 
and so vigilance must be maintained to prevent ISA re-emerging.
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What motivates farmers to treat lame sheep?
Kilbride, A.L.1, Kaler, J.2, Ferguson, E.3 and Green, L.E.1, 1University of Warwick, School of Life Sciences, 
United Kingdom, 2University of Nottingham, School of Veterinary Medicine and Science, United Kingdom, 
3University of Nottingham, School of Psychology, United Kingdom; a.kilbride@warwick.ac.uk

For the last 20 years the prevalence of lameness in sheep in the UK has been around 10%; at any one 
time approximately three million sheep are lame. The most common cause of lameness in sheep is footrot 
caused by the bacteria Dichelobacter nodosus. Research illustrates that lameness levels in the flock can be 
reduced to 1-2% if lame sheep are treated rapidly with antibiotic injection. Anecdotal evidence indicates 
that segregation of diseased sheep and culling repeatedly diseased sheep minimise the number of diseased 
sheep. Reducing lameness in the flock improves animal welfare, improves productivity and reduces the 
amount of time and money spent on treatment. The aim of this work was to use social science methodologies 
to investigate sheep farmers’ decisions regarding management of lameness to indentify the key barriers and 
motivators to reduce the prevalence of lameness. Sheep farmers and industry leaders were interviewed to 
explore the salient cognitions. Seventeen key players in the sheep industry provided their expert opinion. 
This included representatives of the levy boards, the National Sheep Association, vets and independent sheep 
advisers. Data were collected from eight groups of 5-12 sheep farmers. To increase diversity sheep farmers 
were recruited from a range of sources; two groups comprised of farmers that were engaged in health and 
welfare improvement schemes while others were randomly selected from the Agricultural Census database. 
Areas that were explored in the discussions included the disease representation, empathy, social norms, 
legislation and economics. The key themes arising from these data will be presented.

The importance of farm-level behavioural considerations in disease surveillance modelling: influence 
on a Scottish BVD eradication model
Denwood, M.J.1, Rich, K.M.2,3, Innocent, G.T.4, Reid, S.W.J.5, Gunn, G.J.2 and Mellor, D.J.1, 1University of 
Glasgow, School of Veterinary Medicine, United Kingdom, 2Scottish Agricultural College, United Kingdom, 
3NUPI, Department of International Economics, Norway, 4Biomathematics & Statistics Scotland, United 
Kingdom, 5Royal Veterinary College, United Kingdom; matthew.denwood@glasgow.ac.uk

Disease surveillance modelling has historically focussed on epidemiological factors such as diagnostic test 
performance, disease spread and demographic variability amongst farms. It is more difficult to incorporate 
the effects of human behaviour, mostly due to uncertain behavioural parameter estimates. As part of the 
‘EPIC’ project we used a novel agent-based stochastic modelling framework to assess qualitatively the 
sensitivity of disease surveillance to the behavioural responses of individual farms to the perceived local 
and national disease prevalence. Farm demography and cattle movement information was taken from 
Scottish census and cattle movement data, and an epidemiological model of national BVD eradication was 
incorporated, including disease transmission, diagnostic test characteristics, vaccination, and observed 
abortions. A sensitivity analysis was performed using varying estimates of behavioural parameters 
representing the changes in propensity to use diagnostic tests based on observed disease prevalence. 
Incorporating behavioural effects into the model increased the stable prevalence from approximately 1-10% 
at the end of the simulation, due to lower observed prevalence decreasing the probability of individuals 
testing for and eradicating disease. These effects also resulted in auto-correlation in the observed disease 
prevalence, increasing the discrepancy to the true prevalence. We conclude that behavioural responses to 
changes in perception of disease have a potentially strong influence on the effectiveness of surveillance and 
control programmes, and should receive greater attention than is currently the case. This work was funded 
by the Scottish Government.
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A web-based tool to explore the economic impact of test and slaughter programs on individual 
smallholders
Beauvais, W.1, Hegazy, Y.2 and Guitian, J.1, 1Royal Veterinary College, Veterinary Epidemiology and 
Public Health Group, United Kingdom, 2Kafrelsheikh University, Department of Animal Medicine, Egypt; 
wbeauvais@rvc.ac.uk

Test and slaughter programs rely on compliance from farmers in order to be successful, and yet individual 
farmers may not perceive a direct benefit in testing and culling their own stock, especially when the test 
used is imperfect. Incentives such as compensation must therefore be adequate, but if excessive the program 
may be inefficient and counter-productive behaviour may even be incentivized. The costs and benefits of 
participating in disease control programs may be distributed over a relatively long time period, and may 
be of uncertain value or intangible. This is a particular problem for settings with a large proportion of 
smallholders, for whom culling a relatively small number of animals may have a large economic impact. A 
simplified generic framework was developed to identify and estimate the costs and benefits for individual 
smallholdings undergoing test and slaughter. A spreadsheet model was then built to estimate the net benefit 
to an individual farm. Based on this spreadsheet, a web-based tool was developed for stakeholders to 
investigate the impact of different test and slaughter programs on individual smallholders. Parameters can 
be altered manually to investigate the effect of uncertainty, in the price of milk for example. The tool also 
shows the effects of chance (stochasticity), for example the number of healthy cattle that will be culled as a 
result of testing a small number of cattle with an imperfect test. The brucellosis test and slaughter scheme in 
Egypt was used as a case study to explore the potential use of the model, showing that current compensation 
would be sufficient for approximately 45% of farmers to break even, but would need to be increased by a 
factor of approximately 26 for 90% of farmers to break even.

Factors influencing veterinarians’ use of personal protective equipment
Dowd, K.1, Taylor, M.2, Toribio, J.A.1, Hooker, C.1 and Dhand, N.K.1, 1The University of Sydney, Australia, 
2University of Western Sydney, Australia; navneet.dhand@sydney.edu.au

Zoonotic disease perceptions and preventative practices undertaken by Australian veterinarians are not 
well researched or understood. This study aimed to determine the perceptions of zoonotic diseases among 
Australian veterinarians, the infection control practices they use to protect themselves from zoonotic 
diseases, and the drivers influencing these perceptions, attitudes and practices. A questionnaire was designed 
and piloted prior to its administration to veterinarians at the Australian Veterinary Association Conference 
in May 2011. The questionnaire comprised 21 closed, semi-closed and open questions. Data from the 
questionnaire were analysed using univariable and multivariable ordinal logistic regression analyses to 
determine significant associations between veterinarians’ use of personal protective equipment (PPE) and 
their perceptions and practices. A total of 344 veterinarians completed the questionnaire. Vets were more 
likely to use PPE if they perceived that zoonosis exposure from animals and procedures was likely, believed 
that liability issues and risks encouraged use of PPE, and spent more hours per year in continuing vet 
education. In contrast, vets working in private practices, practising stringent infection control practices only 
when necessary, and working in remote or very remote areas were less likely to use PPE. In addition, vets 
working in places that encouraged use of P2/ N95 respirators and restricted contact with isolation patients 
were more likely to use PPE. The results suggest that vets perceptions and workplace policies and culture 
substantially influence vets’ use of PPE.
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The application of origin-destination matrices to the visualisation of animal movement
Paterson, A., AHVLA, Defra, United Kingdom; andy.paterson@ahvla.gsi.gov.uk

Animal movements are important determinants of disease spread. Recent outbreaks of livestock diseases 
around the world have shown that the temporal and spatial movements of livestock species are generally 
poorly understood. Pictures speak a thousand words, and visualisation of these movements is important for 
(1) communication with non-technical, senior decision makers; and (2) to assist academics, technical policy 
makers and operational staff to form hypotheses, assess risk and target disease investigations. Quantitative 
spatial statistics have long promised, but failed to provide, a solution for communicating spatial information 
to non-specialists. This work uses the recently developed technique of Origin-Destination (OD) matrices 
applied to ten years of the British Cattle Movement Service (BCMS) UK cattle movement data to illustrate 
the approach. The OD technique is particularly interesting, because in addition to the information on the 
magnitude of movements apparent in the detail of the map, there are higher level visual effects that provide 
an immediate indication as to any general direction / randomness of flow (see figures 1 and 2 below). The 
technique is entirely scalable, constrained only by the availability of data, and could be applied to e.g. sub-
national movements, or patterns of global trade between countries. The practical application is illustrated in 
the paper by a case-study of forward and back-tracings from the 2007 UK foot and mouth disease outbreak. 
The spatial images produced will be demonstrated as animations to highlight seasonal patterns and longer 
term changes (these will be available on a website, via a hyperlink and a quick response (QR) code). 
Previous attempts to visualise moments have generally been vector-based, and suffer from a high level of 
overlap and visual occlusion; as a result animal movement data remains poorly understood and applied by 
academia, industry and policy teams.

EpiContactTrace: an R-tool for facilitating livestock contact tracing and risk based surveillance
Nöremark, M. and Widgren, S., SVA, Department of Disease Control and Epidemiology, Sweden; 
maria.noremark@sva.se

In many countries, livestock movement data are collected with the major objective to enable contact tracing 
during disease outbreaks. Livestock movement data can also be of relevance for risk based surveillance – 
both during outbreak or when investigating if a disease is present in the population. However, the livestock 
movement databases are not always structured in such a way that relevant information for contact tracing 
or surveillance design is easily retrieved. Therefore, an open source tool, EpiContactTrace, was developed 
to facilitate prompt retrieval of this information. EpiContactTrace is written in the R-language and uses 
the network parameters in-degree, out-degree, ingoing contact-chain and outgoing contact-chain, which 
are relevant for forward and backward contact-tracing respectively. The measures can also be used for 
identifying herds with many contacts, which can be used in risk based disease surveillance. With the network 
approach, the livestock movement contact structure for the entire population is analyzed at once, in contrast 
to manually searching stepwise from farm to farm. Different time periods for ingoing and outgoing contacts 
can be of interest in the contact tracing, based on possible window of introduction, and this can be adjusted in 
the tool. The output from the analysis is available as a dataset, but moreover, the tool automatically generates 
a report on farm level. This report can be either in HTML or PDF format and is intended for the end users 
– either at the central veterinary authority or for the veterinarian in the field. The report both contains an 
overview of the situation on the farm, including a graph, as well as detailed information including dates of 
movements on group or individual level on all contacts. A pilot version of the tool was tested during a large 
FMD contingency exercise in Sweden. The intention is to make EpiContactTrace available as an R-package 
at the The Comprehensive R Archive Network (http://www.cran.r-project.org/).
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A dynamic spatio-temporal model to investigate the effect of movements of animals on the spreading 
of Bluetongue BTV-8 in Belgium
Ensoy, C., Faes, C. and Aerts, M., I-Biostat, Hasselt University, Belgium; chellafe.ensoy@uhasselt.be

With the emergence of various infectious animal diseases, several guidelines have been developed and 
adopted to protect farms and curtail the spreading of diseases. In the case of Bluetongue Virus Serotype 8 
(BTV-8) for instance, surveillance zones around affected farms were created in which transports of animals 
were restricted. This however did not prevent the further rapid spread of BTV-8 across Northern Europe, 
which has resulted to substantial economic losses, particularly in the sheep and cattle industry. To better 
understand the BTV-8 transmission process, the 2006 Bluetongue outbreak in Belgium was investigated. 
Using the concept of compartmental models, a spatio-temporal model was developed in which each farms 
were classified into either susceptible or infectious. The model then quantifies the local transmission of 
the disease between farms within a municipality, the short-distance transmission between farms across 
neighboring municipalities and the transmission as a result of the movement of animals. Different municipal-
level covariates (i.e. land composition variables, temperature and precipitation) were assessed as possibly 
influencing each component of the transmission process. The model allows to predict the dynamic spreading 
of the disease for different scenarios. This is especially useful in quantifying how the farm contact network 
(through animal movements) affects the transmission of bluetongue.

Livestock movements and contact patterns in Togo: implications for disease control
Dean, A.S.1, Kulo, A.2, Boukaya, A.3, Bonfoh, B.4 and Schelling, E.1, 1Swiss Tropical and Public Health 
Institute, University of Basel, Switzerland, 2Ecole Supérieure d’Agronomie, Université de Lomé, Togo, 
3Division du Contrôle Vétérinaire – Savanes, Togo, 4Centre Suisse de Recherches Scientifiques en Côte 
d’Ivoire, Cote d Ivoire; anna.dean@unibas.ch

The northern Togolese savannah is the country’s main livestock-raising area. An extensive survey of 
brucellosis and Q fever was conducted in 2011 with the local human and animal populations using a One 
Health approach. Substantial livestock movements occur internally within the savannah and across borders 
with neighbouring countries. This flow of animals is related to trade routes as well as seasonal movements 
due to water and pasture shortages, known as transhumance, a common phenomenon in West Africa. 
Both trade and transhumance could play important roles in the spread and control of infectious diseases 
in the region, including zoonoses. Aims: To describe in detail, for the first time, the movement patterns of 
livestock within northern Togo and across national borders; to assess the roles and relative importance of 
livestock trade and transhumance in the spread, control, and prevention of infectious diseases; to translate 
these findings into practical recommendations relevant to policy at the national level, as well as regionally 
in West Africa A survey with transhumant cattle herds is currently underway in northern Togo. Detailed 
geographical data relating to transhumance pathways and contacts between herds are being collected, 
parallel to a brucellosis serosurvey in transhumant herds. Additionally, interviews with livestock traders in 
markets are being undertaken to spatially and quantitatively capture the flow of livestock through principal 
trade routes. Where possible, contact networks will be constructed and modelled in relation to infectious 
disease spread. Recommendations for brucellosis control will be developed based on serosurvey results of 
transhumant versus local herds and their contact patterns.

Session 65 Theatre 4

Session 65 Theatre 3



ISVEE – Book of Abstracts 2012 165

Common themes and missed opportunities of One Health and Ecohealth case studies
Hall, D.C.1 and Coghlan, B.2, 1University of Calgary, Ecosystem and Public Health, Canada, 2Burnet 
Institute, Centre for International Health, Australia; dchall@ucalgary.ca

Objective: The purpose of this study was to examine One Health and Ecohealth case studies from various 
countries and regions in order to identify common research themes as well as themes that may be considered 
important but are not well researched. Methods: The authors relied on One Health and ecohealth case 
studies reported through peer reviewed publications, institutional reports, documentation available online, 
and personal communication. Themes were pre-identified by authors of reports or extracted from these 
sources. In the latter case a combination of key word identification, examination of case study objectives, 
and personal communication was used. More than forty case studies were examined; importance of research 
themes was ranked subjectively. Results: Transdisciplinarity, disease prevention, zoonoses, complexity, 
and community level responses were identified as highly important elements of all case studies. Fewer 
case studies addressed improved risk management, training, community participation, and preparedness. 
Themes least addressed included association with wildlife, involvement of the environment, barriers to 
adoption, and private sector involvement. Conclusions: It was not surprising to find zoonoses and disease 
prevention as common themes, and it was gratifying to see transdisciplinarity and complexity accorded 
attention. However, it was somewhat alarming that the role of wildlife and interaction with the environment 
were not commonly addressed by the case studies given the theoretical and management importance of 
these factors in a One Health and ecohealth approach to disease prevention and management. Case studies 
generally did not suggest clearly recommendations for policy formulation, suggesting a loss of opportunity 
to influence governance.

The value of animal movement tracing: a case study simulating the spread and control of foot-and-
mouth disease in California
Mardones, F.O.1, Zu Donha, H.1, Thunes, C.1, Velez, V.2 and Carpenter, T.E.1,3, 1UC Davis, Center for Animal 
Disease Modeling and Surveillance (CADMS), USA, 2California Department of Food and Agriculture 
(CDFA), USA, 3Massey University, EpiCentre, New Zealand; fomardones@ucdavis.edu

The purpose of this study was to estimate the benefits of an electronic animal tracing system compared 
with those of a paper-based system in terms of the potential spread of foot-and-mouth disease (FMD) 
if introduced in California. A spatial, stochastic simulation model and data for California were used to 
simulate FMD epidemics originating from a dairy herd as the index case (IC). Results of the simulated FMD 
outbreak extent and duration were examined to compare the effect of improving the current, paper-based 
tracing system and moving to an electronic system. According to the simulations, replacing the system 
with an electronic tracing system would reduce the median number of infected premises (IPs) by 8-81%, 
depending on size of the IC herd. The benefit varied by IP herd type, e.g. >50% for sheep farms, goat farms 
and calf and heifer raising operations and ≤20% for swine and beef premises. The impact of an introduction 
of FMD into California could be reduced substantially even without an electronic system, if paper-based 
tracing were more efficient; however, these benefits are far less than those that could be realized from an 
electronic animal identification system. Results show that substantial benefits, in terms of fewer IPs and 
infected animals and reduced epidemic duration, may be realized as a result of an efficient electronic animal 
identification system, compared with the current paper-based animal tracing system; however, until then, 
an improvement in the current system, especially regarding the ability to trace movements the day prior to 
a premises being diagnosed with FMD, will be highly beneficial.
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Eco-epidemiology of Fascioloides magna at the interface between cattle and elk
Pruvot, M., Lejeune, M., Kutz, S., Musiani, M. and Orsel, K., Faculty of veterinary Medicine, University 
of Calgary, Canada; mpruvot@ucalgary.ca

Dynamics of infectious diseases in multi-host systems are influenced by processes related to the host-
pathogen interactions, host ecology and environmental factors. Fascioloides magna is a liver fluke of 
elk, deer and caribou that can be transmitted to sympatric livestock. Cattle are dead-end hosts: clinical 
disease may occur but the infection does not become patent. We investigated the dynamics of F. magna at 
the interface between cattle and elk in the Rocky Mountain foothills in Alberta. Fresh fecal samples were 
collected from 640 elk from 10 herds that had exposure (n=5) or no exposure (n=5) to cattle. We analyzed 
the samples with Flukefinder® to recover F. magna eggs. Elk herd home ranges were defined by minimum 
convex polygons and kernel density estimation. Environmental variables (e.g. vegetation type, stream 
density, elevation) were averaged on these home ranges. A multilevel logistic regression was fitted with 
herd as a grouping variable, including the level of interaction with cattle and different environmental factors 
compiled in a geographic information system. The 5 elk herds exposed to cattle had lower proportions 
of positive (Porcupine Hills: 0%, Castle Carbondale: 0%, Livingstone: 0%, Beauvais:1.4%, Whaleback: 
0%) than the unexposed herds (Waterton: 75%, Crowsnest: 5.1%, Banff: 29%, Yaha Tinda: 27%, Jasper: 
71%). Univariate analysis suggested a protective effect of cattle presence (P<0.001). This effect was 
still significant after adjusting for environmental variables in the multilevel logistic regression. Wildlife 
and livestock comingling is often perceived as a threat, however interspecies interactions may also have 
potential positive effects. It is essential for wildlife and livestock management to understand the underlying 
mechanisms. Possible explanations include snail habitat modifications by cattle or a dilution effect by 
incompetent hosts. To explore these hypotheses, snail surveys and serological tool development to assess 
cattle exposure are necessary.

Role of wild animals in the eco-epidemiology of Rickettsia slovaca
Martello, E.1, Ragagli, C.2, Selmi, M.3, Ambrogi, C.2, Mannelli, A.1 and Tomassone, L.1, 1Faculty of 
veterinary medicine, University of Torino, Italy, 2Ufficio Territoriale per la Biodiversità, Corpo Forestale 
dello Stato, Lucca, Italy, 3Osservatorio Permanente per Patologie a trasmissione Vettoriale, ASL2 Lucca, 
Italy; martello.elisa@gmail.com

Tick Borne Lymphoadenopathy (TIBOLA) is an emerging zoonosis in Europe, caused by Rickettsia slovaca 
transmitted by Dermacentor marginatus. Since transovarial transmission of R. slovaca occurs between adult 
and larval ticks, it is not clear whether wild animals solely serve as the blood source for D. marginatus, 
or may amplify and transmit the agent to susceptible ticks. R. slovaca was previously identified in ticks 
and tissues collected from wild boars in Tuscany (Italy), where human cases of TIBOLA were reported. 
The role of small rodents in R.slovaca transmission was investigated in the same area in 2009-2010. 
Animals were live trapped, ear biopsies and all the attached ticks were collected and identified. The tick 
engorgement index (TEI) was calculated. A sample of D. marginatus and mice ear biopsies was selected 
to detect SFG Rickettsiae by PCR. We performed 22 trapping nights. A total of 145 Apodemus spp. and 34 
Myodes glareolus were trapped. The prevalence of R. slovaca was 38.17%(n=50, 95% CI: 10.83-24.31) 
in D. marginatus collected from mice, and 26.09%(n=6, 95% CI: 10.23-48.40) in host-seeking larval 
ticks collected in the same area. The TEI of infected ticks was higher than non infected ones, although the 
difference was not statistically significant. Two out of the 45 ear biopsies were positive. R. raoultii, the 
agent of a less severe TIBOLA disease, was also detected in two ticks from mice. The high prevalence of R. 
slovaca in host-seeking tick larvae indicates the maintenance of the pathogen by transovarial transmission 
in the area. However, the finding for the first time of positive mouse tissues, the high infection prevalence 
in attached ticks, and the tendency of the infected ones to have a higher TEI, may suggest a role of mice as 
maintenance or amplifier hosts for R. slovaca.
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Detection of Mycobacterium avium ssp. paratuberculosis in caribou from northern Canada and 
Greenland
Forde, T.1, Orsel, K.1, De Buck, J.1, Kutz, S.1 and Carma Network*, 1University of Calgary, Canada, 
2Greenland Institute of Natural Resources, Greenland, 3various agencies, Canada; tlforde@ucalgary.ca

Mycobacterium avium ssp. paratuberculosis (MAP) is the causative agent of Johne’s disease (JD), a common 
problem for livestock production worldwide. JD is characterized by chronic intestinal inflammation, 
diarrhea and wasting. JD has been previously documented in semi-domesticated reindeer (Rangifer tarandus 
tarandus), however there has never been a systematic survey for MAP among wild caribou (Rangifer t. 
ssp.). As part of a broad health survey of caribou, herds from across northern Canada and Greenland were 
tested for MAP using fecal culture (TREK ESP) and polymerase chain reaction (PCR) of the IS900 target. 
Fecal samples from 561 individual caribou from 16 different populations were collected by collaborators in 
the CircumArctic Rangifer Monitoring and Assessment Network (CARMA)*. A total of 31 fecal samples 
(5.5%) from eight different populations were positive by PCR, and one of these samples was also culture 
positive. The proportion of fecal samples that tested positive by PCR varied among herds, with the highest 
proportions in the Akia-Maniitsoq herd (23.4%) from Greenland, and the Rivière-aux-Feuilles (11.5%) 
and Rivière-George (10.0%) herds from northeastern Canada. Positive samples were detected among all 
age groups with 3/19 calves (15.8%), 2/23 yearlings (8.7%) and 26/511 adults (5.1%) testing positive. The 
finding that MAP is present in several free-ranging populations of caribou indicates that MAP is able to 
circulate in an environment that is free of contact with domestic livestock species. Further study into the 
pathogenesis of MAP in Rangifer species and potential population level impacts is warranted. *CARMA 
partners ranged from community members to wildlife managers, with key contributions from B. Elkin, 
A. Kelly, A. Veitch, R. Popko, and T. Davison of Gov NWT, M. Kienzler of Gov Yukon, S.D. Côté and J. 
Taillon of Université Laval, and C. Cuyler of Greenland INR.

Avian influenza in migrating mallard populations: dynamics of strains varying in transmissibility 
and infection-induced migration delays
Galsworthy, S.J.1, Ten Bosch, Q.A.1, Hoye, B.J.2, Heesterbeek, J.A.P.1, Klaassen, M.3 and Klinkenberg, 
D.1, 1Faculty of Veterinary Medicine, Utrecht University, Farm Animal Health, Netherlands, 2Netherlands 
Institute of Ecology, Animal Ecology, Netherlands, 3Deakin University, Centre for Integrative Ecology, 
Australia; d.klinkenberg@uu.nl

Wild waterfowl are the natural reservoir of Avian Influenza (AI) virus and may thus initiate or propagate 
an AI pandemic along their migratory routes. Currently, the highest prevalence of infection is observed in 
fall, but AI virus infection may result in delayed departure for migration. If more virulent strains would 
appear, this could alter transmissibility and migration, and consequently prevalence patterns. We explore the 
dynamics of AI virus in a migrating mallard (Anas platyrhynchos) population, aiming at understanding how 
infection-induced delays and altered transmissibility affects the dynamics of virus spread. We develop a host-
pathogen model which combines the transmission dynamics of influenza with the migration, reproduction 
and mortality of the host. Our main findings are: (1) delayed migration reduces the total number of cases of 
infection each year; (2) when the transmission rate of a strain is high, most influenza cases are seen at the 
staging sites in early fall migration, and a migration delay results in even more cases early fall; (3) when the 
transmission rate is low, infection predominantly occurs later in the season, which is further delayed in case 
of a migration delay, possibly destabilizing the otherwise stable yearly cycle. As such, the rise of new AI 
strains in waterfowl could lead to a higher prevalence of infection later in the year, which could change the 
exposure risk for farmed poultry. Thus, we demonstrate that considering infection-induced delays and altered 
transmissibility of AI virus, is critical to understanding the dynamics of AI infection along the entire flyway.
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Onsation evaluation of differrent grains as a carrier for thermostable newcastle disease vacccine 
(I2), Debreziet, Ethiopia
Amssalu, K., Dugumma, R., Sorri, T., Asfaw, Y. and Gelaye, E., Mekelle University, College of Veterinary 
Medicine, Ethiopia; kikal243@yahoo.com

In the current experimental study the suitability of different local grains as a carrier for thermostable 
Newcastle disease (ND) vaccine I2 for oral immunization of chickens was assessed by haemagglutination 
inhibition (HI) test and challenge experiment. The chicks were vaccinated with I2 vaccine by conventional 
methods (drinking water), cracked maize and wheat, millet, barely and sorghum which were used in 
untreated, parboiled and cracked form. Following the primary and the second vaccination the result showed 
that only chickens vaccinated with conventional methods and vaccine coated cracked maize and parboiled 
barely gave GM antibody titer of ≥log23 but at third dose of vaccine, chicken vaccinated by conventional, 
cracked maize and parboiled barely were found to produce the highest GM titer of log27.1, log26.8 and 
log25.1 respectively but the least response (log21.9) was observed in chicken vaccinated by vaccine coated 
cracked sorghum. The experimental challenge showed that 80% mortality rate in the unvaccinated control 
group. The vaccine applied by drinking-water, cracked maize, parboiled barely was found 100% protective 
against the challenge. High protection capacity was also observed with I2 delivered by parboiled wheat 
(85%). Limited survival rate (60%) was observed in the chicken under untreated sorghum, untreated millet 
and cracked millet treatment group. The least survival rate with high mortality was observed in chicken 
treated with vaccine coated sorghum. Generally in the current experimental study cracked maize, parboiled 
barley, parboiled wheat, parboiled sorghum and untreated wheat in general found to be good carrier for I2 
vaccine virus.

Meta-analysis of influences on the welfare of laying hens in enriched colony housing systems
Campe, A., Koesters, S., Naim, J. and Kreienbrock, L., University of Veterinary Medicine Hannover, 
Department of Biometry, Epidemiology and Information Processing, Germany; 
amely.campe@tiho-hannover.de

Embedded within a network project on laying hens in german enriched colony housing systems this study 
was to assess influencing factors on animal welfare indicators. Data from three consecutive laying periods 
in five field stations was retrieved from one database – with standardised data collection and data entry 
procedures, plausibility checks, etc. Four indicators of animal health and welfare were chosen according to 
acquired information in the database as most important by the superordinate network project and investigated 
in further analyses. Statistical inference of the indicators was drawn considering one influencing factor 
each. Meta-Analyses were performed to summarize these results in order to account for an incomplete 
study design. The field station was included as a fixed factor in every meta-analysis. The size of littered 
area and group size do not seem to have a notable influence on animal welfare. The laying line and housing 
system seems to have a marginal influence at least. The predominant influencing factor seems to be the 
field station, where the study was conducted. Despite providing the best possible homogeneity between the 
stations by investigating field stations and not ‘real’ farms in the field, differences are obvious. Therefore, 
a latent heterogeneous management pattern condensed behind the variable field station can be assumed to 
influence the animal welfare more than one or two certain factors.
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Spatio-temporal patterns and effect of presence of infected neighboring producers for the 
Campylobacter status in Danish broiler farms
Chowdhury, S.1,2, Themudo, G.E.2, Sandberg, M.3 and Ersbøll, A.K.2, 1Chittagong Veterinary and Animal 
Sciences University, Chittagong-4202, Department of Pathology and Parasitology, Bangladesh, 2University 
of Southern Denmark, Øster Farimagsgade 5A, 2, DK-1, National Institute of Public Health, Denmark, 
33Danish Agriculture and Food Council, Axelborg, Axeltorv 3, DK-1609 Copenhagen V, Food Safety and 
Veterinary Issues, Denmark; msa@lf.dk

A series of analyses were conducted in order to obtain a better understanding of the spatial and temporal 
distribution as well as potential neighbourhood risk factors for Campylobacter in Danish broiler flock 
population. Campylobacter infection status of flock was identified by PCR analysis of swab samples from 
cloacae of broilers. Included into the study were, in total, 10,876 broiler flocks sent by 226 producers to 
processing plants from 2007 to 2009. Methodology for visualization and exploration were used in spatial-
analyses. A multivariable logistic regression model with autocorrelation structure was used to model effect 
of exposure variables on probability of being tested positive to Campylobacter. The spatio-temporal analyses 
revealed a non-random spatial and temporal occurrence of Campylobacter infection. Highest prevalence 
was observed during summer and lowest during winter. Significant spatio-temporal clusters were identified 
in the same areas during summer months from 2007 to 2009. Range of influence between infected broiler 
producers were estimated at the distances 9.6 km and 13.5 km in different years. Results from the risk 
factor study showed a significant protective effect with the absence of infected neighbour in short distances: 
absence of infected neighbours in 1 km radius and in-between 1 and 2 km. The analysis was adjusted for 
potential confounding factors. Seasonal cyclic patterns of Campylobacter infection was accounted for by 
using sine and cosine function. Predicted probability maps showed a heterogeneous spatial and temporal 
risk of Campylobacter infection in Danish broilers.

Household level risk factors for Newcastle disease seropositivity and incidence in backyard chicken 
flocks in Eastern Shewa zone, Ethiopia
Chaka, H.1,2, Goutard, F.3, Bisschop, S.P.R.1 and Thompson, P.N.1, 1Faculty of Veterinary Science, University 
of Pretoria, Department of Production Animal Studies, South Africa, 2National Animal Health Diagnostic 
and Investigation Center, Epidemiology, Ethiopia, 3CIRAD-UPR AGIRs, Epidemiology, France; 
hasscha@yahoo.com

Cross-sectional studies were conducted to investigate potential risk factors for Newcastle disease (ND) virus 
seropositivity and incidence in household flocks of backyard chickens during September-October, 2009 
and May 2010. Data were collected from 260 households in 52 villages in Adami Tulu JidoKombolcha 
and Ada’a Woredas using a structured questionnaire, along with serum samples. The seroprevalence and 
incidence of ND at the household level were estimated in various ways using serological results from the 
two surveys, combined with farmers’ reports of ND. The risk factors were tested using multivariable mixed-
effects logistic regression models. In the first survey, reduced frequency of cleaning of poultry waste was 
associated with increased odds of seropositivity (OR=4.78; 95% CI: 1.42, 16.11; P=0.01) while hatching at 
home was associated with lower odds of seropositivity (OR=0.3; 95% CI 0.11, 0.82; P=0.02). In the second 
survey, hatching at home again reduced the odds of seropositivity (OR=0.23; 95% CI 0.10; 0.52; P<0.001), 
as did larger flock size at the time of sampling (OR=0.28; 95% CI: 0.11, 0.67; P=0.004). However, the 
risk of ND incidence was shown to be higher with larger flock size at the beginning of observation period 
(OR=3.6; 95% CI: 1.25, 10.39; P=0.02). Using an open water source (pond/river) for poultry compared to 
closed sources (tap/ borehole) also increased risk (OR=3.14; 95% CI: 1.12, 8.8; P=0.03). In the fourth model 
lower risk of ND incidence in a household flock was associated with use of a grain supplement (OR=0.14; 
95% CI: 0.03, 0.69; P=0.03) and hatching at home (OR=0.23; 95% CI: 0.10, 0.52; P=0.005).
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Using a biological-physical model to evaluate pathogen transmission in a changing aquaculture 
industry
Salama, N.K.G. and Murray, A.G., Marine Scotland Science, Marine Laboratory, United Kingdom; 
nabeil.salama@scotland.gsi.gov.uk

Scotland is the largest salmon producer in the EU with 150,000 t output valued at over £500 million, making 
it Scotland’s largest food export by value and provides important employment in remote island and highland 
communities. There are aspirations for the industry to sustainably increase by a further 50% by 2020. 
Recently, the number of farms have diminished; as a consequence the mean output per farm has increased. 
Over 80% of Scottish salmon is obtained from farms producing over 1000 t. Farm management areas (FMAs) 
exist where coordinated management practices occur to minimise the risk of disease agent transmission. 
The structure of FMAs can be similar to disease management areas (DMAs) derived for the control of the 
notifiable disease, infectious salmon anaemia (ISA). A DMA boundary is defined where the closest pair of 
farms are separated by more than twice the tidal excursion (TE) distance. The fixed TE is defined as 7.2 
km for the mainland, and 3.6 km in the Shetland islands and takes no account of farm production. DMAs 
have proved successful in managing the prevention of ISA virus transmission between sites within the 
current industry structure of farming moderately sized farms located in relatively sheltered inshore waters. 
However, licensed biomass is restricted by environmental impact assessments, partly determined by tidal 
conditions. Should farms increase in size they will need to be located in areas further offshore within faster 
currents, which may alter disease transmission. A model incorporating hydrodynamics and pathogen biology 
is used to evaluate the effects of increasing farm sizes and locating farms in areas where there are increased 
residual current speeds. DMAs are appropriate for ISA control in the current structure, but may become 
less effective should farms increase in size, surrounded by faster waters. Furthermore, DMA methods may 
not be inapplicable for controlling more conserved pathogens and parasites.

Multi-level analysis of Campylobacter flock status at post-chill and prevalence at various sampling 
points in the broiler production and processing continuum
Hataway, K.L.1, Bailey, R.H.1, Byrd, J.A.2, Volkova, V.V.3 and Wills, R.W.1, 1Mississippi State University, 
College of Veterinary Medicine, USA, 2USDA ARS, SPARC, USA, 3Cornell University, College of Veterinary 
Medicine, USA; klh449@msstate.edu

The purpose of this study was two-fold: (1) to determine the grow-out and processing plant sample(s) that 
best predict the likelihood of Campylobacter presence on broilers at post-chill; and (2) estimate the amount 
of variability in Campylobacter prevalence that is within the complex, farm, and flock levels. Sampling was 
conducted in two broiler companies located in the Southern United States, which encompassed 10 complexes, 
32 farms, and 64 flocks. Upon the day of chick placement into the grow-out house the gastrointestinal tracts 
of chicks were collected from each flock. Prior to transportation to the processing plant and upon arrival at 
the processing plant, ceca, crop, and whole bird carcass rinses were collected. During processing, samples 
were collected prior to entering the immersion chill tank and again after exiting the immersion chill tank. 
Multi-level-mixed model logistic regression was used to assess the relationships between post-chill status 
and other sampling points. Markov-chain Monte Carlo was used for estimation of the final models and the 
Deviance Information Criterion was used for the comparison of the models. The best predictor of post chill 
Campylobacter carcass status was the exterior whole carcass sample in the grow-out environment prior to 
transportation. In the post-chill model, the percentage of variability in Campylobacter prevalence occurring 
at the complex, farm, and flock level were 8.6%, 72.8%, and 18.6%, respectively. The intra-class correlation 
for flocks within the same farm, flocks within the same complex but different farms, and farms within the 
same complex were 0.81, 0.09, and 0.11, respectively.
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Pacific oyster mortality syndrome: epidemiological study to reduce economic losses
Paul-Pont, I., Dhand, N.K. and Whittington, R.J., The University of Sydney, Faculty of Veterinary Science, 
Australia; ika.paul-pont@sydney.edu.au

A viral disease new to Australia – Pacific Oyster Mortality Syndrome (POMS) – emerged in New South Wales 
(NSW) in 2010 and caused high mortality outbreaks. Despite some evidence suggesting that the disease may 
spread through boat movements and appears to be associated with increases in water temperature in summer, 
very little objective information is available about the factors responsible for outbreaks. An epidemiological 
investigation was conducted in Botany Bay (NSW) during summer 2011/2012 involving random sampling 
of farmed oysters of different ages in different culture systems, pathogen detection and quantification, and 
high frequency monitoring of environmental parameters in three different sites of Botany Bay. The aim of 
the study was to identify major risk factors responsible for disease emergence and spread. POMS disease 
started in November 2011 and continued for a short period of one month. Viral prevalence and intensity as 
well as oyster mortality strongly differed among sites, ages, and culture systems. The outbreak was short, 
sudden and highly clustered within the bay with simultaneous point sources and one of the three selected 
sites remaining free of any sign of disease. A closer observation of disease transmission revealed that the 
outbreak was also clustered within each site, showing a non-uniform transmission requiring water and 
potentially other particles present in seawater. Spatial differences suggested an environmental trigger for 
release of virus into the environment from a potential reservoir host. This project is supported by funding 
from Fish Research and Development Corporation on behalf of the Australian government, and also by 
The University of Sydney and the Sydney Metropolitan Catchment Management Authority, with the strong 
support of oyster growers from the Georges and the Hawkesbury Rivers, Siminis Oyster Systems, Hornsby 
Shire Council, and I&I NSW.

Scenario modelling for determining probability of an outbreak of heart and skeletal muscle 
inflammation in salmon-farming sea-sites in Norway
Bang Jensen, B., Kristoffersen, A.B. and Jansen, P.A., Norwegian Veterinary Institute, Norway; 
britt-bang.jensen@vetinst.no

Heart and skeletal muscle inflammation (HSMI) is an infectious disease causing losses to the Norwegian 
salmon farming industry due to increased mortality and high morbidity in infected salmon. HSMI is believed 
to be a viral disease, but the exact association to the recently discovered Piscine reovirus (PRV) remains to 
be established. Undoubtedly, other factors interplay to determine whether PRV-infected fish develop disease 
or not. In this study, logistic regression was used to model the probability of an outbreak of HSMI on farm 
level, by including spatio-temporal risk factors. The data consisted of fish cohorts grown on geo-referenced 
farms from 2002-2010, and the risk factors included were: Infection pressure, max number of fish at cohort, 
cohort character, number of months in sea, year and a geoindex calculated as the position along a local 
polynomial regression line based on the longitude and latitude of each farm included in the study. The results 
showed that the probability of getting HSMI decreases when cohorts are mixed (fish are introduced multiple 
times), increase with time at sea, increasing infection pressure and increasing farm size and is mostly low 
for farms in south-Norway, high for farms in mid-Norway and variable for farms in northern-Norway (based 
on the geo-index). The final model was used to explore different scenarios with regards to the probability of 
getting HSMI and to calculate the probability for each cohort for getting HSMI, independent of their actual 
disease-status. The model showed that the probability of getting HSMI is much larger in Mid-Norway than 
in the rest of the country. Even though PRV seems to be widely distributed in the environment, the finding 
that infection pressure has a large influence on the probability of getting HSMI, suggests that it might be 
possible to reduce clinical outbreaks, if measures are taken to reduce infection pressure.

Session 68 Theatre 3

Session 68 Theatre 2



172 ISVEE – Book of Abstracts 2012

A mathematical model for evaluating mitigation strategies of biofouling Ciona intestinalis in Prince 
Edward Island, Canada
Patanasatienkul, T., Revie, C.W., Sanchez, J. and Davidson, J., AVC, UPEI, Centre for Veterinary 
Epidemiological Research, Canada; tpatanasatie@upei.ca

Mathematical models have been applied in various research fields and have been used to investigate 
disease transmission in both human and animal populations. Although, the use of these approaches has 
been increasing in the veterinary field, there has been limited application to aquatic animal disease. Disease 
transmission in aquatic environments typically differs from that seen in terrestrial animals and so existing 
models are often not readily adaptable. Aquatic invasive species have become a global issue over the past 
few decades. In Atlantic Canada, Ciona intestinalis, the vase tunicate causes important losses to the mussel 
farming industry. This species out-competes mussels in terms of fecundity and growth rates resulting in 
heavy biomass and mussel loss. A range of mitigation strategies, utilizing high pressure spray, have been 
developed to control the biomass of this fouling species on the mussel lines. Biologically, it appears that 
the greater the number of treatments, the less C. intestinalis biomass. However determining cost-benefit 
trade-offs using field trials is resource intensive. The development of a mathematical model allows for the 
comparison of different C. intestinalis control strategies. A differential equation model was developed in 
AnyLogic® to represent the four key life stages of C. intestinalis. Stage transition rates were calculated 
from number of individuals for that stage, time spent in the stage, and the daily transition probability. 
Parameters were extracted from the scientific literature and from field data collected in Prince Edward Island. 
The model also incorporated temperature and the carrying capacity of each mussel site. This research will 
help in understanding the population dynamic of C. intestinalis in PEI mussel farms and to develop more 
efficient treatment strategies for this invasive species.

Spatial map of risk of pancreas disease-outbreaks in Norwegian salmonid farming sites
Tavornpanich, S.1, Paul, M.2, Abrial, D.3, Viljugrein, H.1, Bang Jensen, B.1, Jimenez, D.1 and Brun, E.1, 
1Norwegian Veterinary Institute, Health Surveillance, Norway, 2Centre de coopération internationale en 
recherche agronomique pour le développement, France, 3Institute National de la Recherche Agronomique, 
France; edgar.brun@vetinst.no

Outbreak of pancreas disease (PD) is a major challenge to aquaculture industries due to its detrimental 
economic impact in several countries. The present study evaluated the effect of potential risk factors on 
outbreaks of PD on site level in Norwegian salmonid farming. The risk factors evaluated include: local 
biomass density (LBD), infection pressure, site location, time when smolts were put into sea, and density of 
the farming sites. The study population was Norwegian salmonid farming sites in the period January 2009 
to December 2010. A Bayesian modeling approach was used for estimating site-specific probability of PD 
occurrence accounting for spatial congruity due to neighboring infected sites. A map covering the entire area 
of Norwegian marine salmonid production sites was produced using kriging to interpolate the model results. 
Subsequently, the final model was validated by comparing the predicted probabilities with observed data of 
PD outbreaks in 2011. The study results can be used for selecting areas with an acceptable probability of PD 
occurrence for establishing new aquaculture sites, and facilitate controlling and eradication of the disease.
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The risk of rinderpest re-introduction in the post-eradication era
Fournié, G.1, Jones, B.A.1, Beauvais, W.1, Lubroth, J.2, Ambrosini, F.2, Njeumi, F.2, Cameron, A.3 and 
Pfeiffer, D.U.1, 1Royal Veterinary College, United Kingdom, 2FAO, Italy, 3AusVet Animal Health Services, 
Australia; gfournie@rvc.ac.uk

Ten years after the last reported outbreak, the global eradication of rinderpest was declared in 2011. 
However, as rinderpest virus stocks still exist, there remains a risk of rinderpest re-introduction. A semi-
quantitative risk assessment was conducted to assess this risk, which was defined as the probability of at 
least one host becoming infected and infectious outside a laboratory within a one year period. Pathways 
leading to rinderpest re-introduction were: deliberate or accidental use of virus in laboratories, deliberate or 
accidental use of vaccines, host exposure to an environmental source of virus, and use of virus for anti-animal 
biological warfare. The number of virus and vaccine stocks was assessed through a questionnaire survey 
involving national veterinary authorities and laboratory staff. The probability of pathway steps occurring 
was estimated through expert opinion elicitation. The risk was modelled as a multilevel binomial process. 
It was found that 44 laboratories, in 35 countries, currently hold live rinderpest viruses, 16 of which retain 
field strains. Viruses are still being used for vaccine and reagent production, and for in vivo and in vitro 
research. Seventeen countries hold vaccine stocks of up to 4,000,000 doses. The risk estimate ranged from 
negligible to high, with the median being very low. The accidental use of laboratory virus stocks was the 
highest risk pathway. Reducing the number of virus stocks and restricting their use, as well as upgrading 
the laboratories to a higher biosafety level, would effectively decrease the maximum and median risks. 
Likewise, ensuring that remaining vaccine stocks are not used and are instead destroyed or relocated to 
a limited number of regional repositories would also have a high impact on these estimates. However, 
these measures are unlikely to eliminate the risk of rinderpest re-introduction so maintaining response 
preparedness is essential.

Factors contributing to rinderpest eradication
Njeumi, F.1, Taylor, W.2 and Lubroth, J.1, 1Food and Agriculture Organization of the United Nations, Animal 
Production and Health Division, Italy, 2Private consultant, United Kingdom; felix.njeumi@fao.org

Rinderpest is caused by a member of the Morbillivirus sub-group of the Paramyxoviridae. The eradication 
of rinderpest has been a goal sought over the last centuries through national, regional and international 
programs. The last outbreak of rinderpest was registered in 2001, and the last use of vaccine was recorded 
in 2006. Substantial disease search and widespread serological surveillance throughout Asia, Africa, and 
Middle East has been conducted without any evidence of virus circulation. The virus is today only confined 
to the diagnostic and research laboratories or a few vaccine production facilities. Syndromic surveillance, 
maintaining preparedness and virus sequestration will be the major activities in the post eradication era. 
This paper reviews the contributing factors to this success: understanding the virus, its characteristics and 
epidemiology; use of effective quality vaccine and improvement of vaccine delivery systems, regional 
eradication programs, use of appropriate and standardized diagnostic and epidemiological tools accompanied 
by harmonized epidemiological surveillance guidelines, training efforts, establishment of epidemiology 
and laboratory networks, effective co-ordination and collaborations in rinderpest control in the final push 
of eradication.
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The global outbreak investigation: crisis management and good emergency management practice
Douglas, I.C., Food and Agriculture Organization, Italy; ian.douglas@fao.org

The Crisis Management Centre – Animal Health (CMC-AH) as a key international facility assists countries 
dealing with animal disease emergencies. Concerned with transboundary diseases, the CMC-AH has worked 
with some 35 countries on more than 50 occasions since establishment in 2006. Hosted by the Food and 
Agriculture Organization (FAO) in Rome, the Centre works in close collaboration with the OIE and WHO, 
and serves its 194 member countries and organizations. The CMC-AH was originally envisaged as a key 
part of the global initiative against highly pathogenic avian influenza (H5N1) and has conducted 25 related 
missions but has since addressed an equal and wide-ranging number of threats, from foot and mouth disease 
to Ebola virus infection. The CMC-AH has sponsored and facilitated cross-border discussions as an adjunct 
to disease responses, to encourage cooperative approaches to multi-national issues. FAO promotes the 
adoption of Good Emergency Management Practice (GEMP) as a means of creating country and regional 
resilience to animal disease threats, through close attention to preparedness and contingency planning. 
GEMP is widely endorsed as a source of ‘best practice’ and readily available to assist in prevention and 
control. GEMP is a freely available package of tools that will assist those responsible for animal emergencies 
to ensure that they are well-prepared and able to respond effectively to outbreaks. The central pivot of 
GEMP is ‘The Essentials – a guide to preparing for animal health emergencies’. This simple language guide, 
widely endorsed by leading international health agencies, establishes world best practice. It emphasizes that 
preparedness depends on the ability to prevent, detect, respond and recover, and canvasses a wide range of 
important points in preparing for animal health-related emergencies.

Modeling the future rate of laboratory biosafety breakdowns involving rinderpest: uncertainty in 
the post-eradication era
Beauvais, W.1, Jones, B.1, Fournié, G.1, Njeumi, F.2, Cameron, A.3 and Pfeiffer, D.U.1, 1RVC, United 
Kingdom, 2FAO, Italy, 3AusVet Animal Health Services, Australia; wbeauvais@rvc.ac.uk

Now we are in the rinderpest post-eradication era, attention is being focused on the risks of re-introduction. 
There is little data on the rates of laboratory biosafety breakdowns and any predictions based on past events 
are subject to uncertainty. The aim of this study was to model the future rate of biosafety breakdowns 
involving rinderpest (defined as accidental or malicious exposure of a susceptible animal) according to 
different assumptions, taking account of uncertainty and stochasticity. Data was collected from a global 
online survey of laboratories, a structured search of ProMED reports and discussion with experts. A 
spreadsheet model was constructed and Monte Carlo simulation was used to simulate the number of 
biosafety breakdowns involving rinderpest that may occur over the next 10 years according to different 
assumptions, such as a reduction in the number of laboratories with rinderpest virus. There was a high degree 
of uncertainty in the number of rinderpest biosafety breakdowns that will occur, even when assumptions were 
made. The search identified no breakdowns during the last 10 years. The most optimistic set of assumptions 
– that the search was 100% sensitive and the number of laboratories working on rinderpest is decreasing as 
suggested by our survey – therefore resulted in a prediction of no biosafety breakdowns over the next 10 
years. When the last 40 years (during which five breakdowns were reported) were considered as a basis for 
making future predictions, the most likely number of breakdowns was still zero however the probability 
of having at least one breakdown was greater than 0.4. Assuming a search sensitivity of 1% resulted in a 
90% chance of 32 to 156 breakdowns occurring. Although a highly simplified model, it is hoped that this 
is a useful tool for discussion. Even fairly optimistic predictions suggest there is a non-negligible risk of 
future biosafety breakdowns involving rinderpest.
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Mitigating the risk of human occupational leptospirosis by vaccinating pastoral farmed livestock
Heuer, C., Wilson, P.R., Dreyfus, A., Benschop, J., Collins-Emerson, J. and Fang, F., Veterinary, Animal and 
Biomedical Sciences, Massey University, EpiCentre, New Zealand; c.heuer@massey.ac.nz

Leptospirosis is a disease of mammals caused by a multitude of Leptosira and subtypes (serovars), most of 
them without cross-protective host-immunity. The incidence of notified human leptospirosis cases in New 
Zealand (2.5 per 100,000) is the highest among OECD countries. Serovars found in 50-60% of human cases 
were Leptospira borgpetersenii serovar Hardjobovis (H) or L. interrogans serovar Pomona (P). A recent 
stratified-random survey of pastoral livestock farms found serological evidence of H or P serovars in more 
than 50% of adult sheep and beef cattle and in 34% of adult deer. The survey excluded dairy cattle because 
about 85% dairy herds are vaccinated annually. Leptospirosis is therefore an occupational disease in humans 
with farmers, abattoir workers and livestock service personnel including veterinarians being at 50-200 times 
higher risk of infection and disease than the general population. Vaccination of livestock appears to be the 
major if not the only effective option for control. A series of studies conducted in past years (2003-2011) 
described the prevalence of infection and kidney culture positive rates in sheep carcasses at slaughter, the 
daily contact rate of abattoir workers with carcasses shedding H or P, the prevalence and sero-conversion 
rate of abattoir workers processing sheep, deer and cattle, and the association of sero-conversion with 
influenza-like symptoms resembling clinical leptospirosis in abattoir workers. This presentation puts these 
findings into an ecological perspective: it describes a generic model of infection dynamics among domestic 
pastoral livestock, its contribution to human exposure and infection, and the consequences of human illness. 
The model evaluates the level of protection achievable in humans through vaccination of livestock, as this 
is currently a critical question for authorities and individuals engaged in public health and occupational 
safety and health.

Leptospirosis sero-prevalence in New Zealand livestock and associated risk factors
Dreyfus, A., Verdugo, C., Benschop, J., Collins-Emerson, J., Wilson, P. and Heuer, C., Institute of Veterinary, 
Animal and Biomedical Sciences, Massey University, New Zealand; a.dreyfus@massey.ac.nz

Leptospirosis is an endemic bacterial disease of livestock in New Zealand and an important zoonotic 
disease in farmers and meat-workers. The same serovars occur in livestock and humans, indicating a human 
health risk from animal sources. The objective of this study was to estimate the animal and herd level 
sero-prevalence of Leptospira borgpetersenii serovar Hardjobovis (H) and L. interrogans serovar Pomona 
(P) in beef cattle, deer and sheep and evaluate the association between herd/flock prevalence and region, 
prevalence of other animal species present on farm, vaccination, herd size, water sources and irrigation 
systems. We conducted a stratified-random, cross-sectional, sero-prevalence study on 238 farms selected 
from 1,941 client farms of 28 veterinary practices on the North and South Islands of New Zealand. Twenty 
blood samples per farm and species were collected from 3,361 adult sheep, 2,308 beef cattle and 1,992 
deer. Farmers were interviewed by questionnaire on clinical leptospirosis and farm management. Serum 
antibodies were measured against H and P using the microagglutination test (MAT) at doubling dilutions 
from 1/24 to 1/3072. Risk factors were analyzed by multilevel modeling. Fifty percent of sheep, 58% 
of beef and 34% of deer were sero-positive (H and/or P) with a MAT titre cut-off of 1/48. Ninety-seven 
percent of sheep flocks and beef herds and 60% deer farms had one or more sero-positive animals. Results 
of risk factor analysis will be presented.. Due to random sampling, the results are fairly representative for 
the population of commercial pastoral livestock producers farming sheep, deer and/or beef cattle. Recent 
New Zealand studies have shown up to 31% abattoir workers were sero-positive with H or P indicating 
transmission from carcasses to humans. Exposure to live animals on farms may result in a similar infection 
risk for farmers, farm workers, livestock service personnel and veterinarians.
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Epidemiology of Taenia solium in pigs and humans in Western Kenya
Doble, L.F.1,2, Cook, A.E.1,2, De Glanville, W.1,2, Toye, P.1, Wamae, N.3, Kariuki, S.3, Dorny, P.4, Gabriel, 
S.4 and Fèvre, E.M.1,2, 1International Livestock Research Institute, Kenya, 2University of Edinburgh, United 
Kingdom, 3Kenya Medical Research Institute, Kenya, 4Institue of Tropical Medicine, Belgium; 
L.doble@sms.ed.ac.uk

We would like to present the results of a large cross-sectional study into the zoonotic helminth Taenia solium 
in the porcine and human hosts in the Lake Victoria Crescent region, focussing on the following aspects of 
this study: the prevalence and risk factors for porcine and human cysticercosis (CC) and for human taeniasis, 
a food chain risk assessment for the risk of human infection from pork consumed in this region and potential 
intervention strategies. We have carried out an extensive, community-based study into the epidemiology 
of this parasite and many other zoonotic and non-zoonotic diseases in Western Kenya. The research team 
consisted of an inter-disciplinary group of medical and veterinary professionals. Blood and stool samples 
were obtained from all people and livestock in 413 randomly selected homesteads as well as homestead and 
individual level questionnaire data. A parallel survey of slaughterhouses was carried out, with blood samples 
taken from pigs being slaughtered for consumption within the study area. The prevalence of T.solium in pork 
entering the food chain (57.7%, 95% C.I.52.3-63.0) is one of the highest recorded in sub-Saharan Africa 
and a food chain risk analysis, built utilising data from these studies, indicated an unacceptably high risk of 
pork consumers in this region acquiring a T. solium infection, and in turn becoming shedders of infective 
eggs. Western Kenya is a severely deprived region where pig production is becoming hugely popular and is 
seen as a major tool for economic development, yet the data presented here indicates the area to be hyper-
endemic for T. solium. Control of this parasite must be addressed as a key priority for both the safe-guarding 
of public health and also to ensure the growth of an economically viable and safe pig production system.

Clinical features of human salmonellosis caused by bovine-associated subtypes in New York
Cummings, K.J.1,2, Warnick, L.D.1, Gröhn, Y.T.1, Hoelzer, K.1, Root, T.P.3, Siler, J.D.1, Mcguire, S.M.3, 
Wright, E.M.1, Zansky, S.M.3 and Wiedmann, M.1, 1Cornell University, USA, 2Texas A&M University, USA, 
3New York State Department of Health, USA; ldw3@cornell.edu

Salmonella enterica is a leading cause of acute bacterial enteritis in people throughout the world. Although 
clinical disease is generally self-limiting, Salmonella can also produce invasive infections that may be fatal. 
The objective of this study was to identify patient symptoms and case outcomes that were more likely 
to occur as a result of salmonellosis caused by bovine-associated subtypes, as compared to Salmonella 
infections caused by non-bovine-associated subtypes. Data were collected in 34 counties of New York that 
comprise the Foodborne Diseases Active Surveillance Network (FoodNet) catchment area of the Centers 
for Disease Control and Prevention (CDC) Emerging Infections Program (EIP). Patients with specimen 
collection dates between March 1, 2008 and March 1, 2010 were included. Symptoms and disease outcomes 
of case-patients infected with bovine-associated Salmonella subtypes (isolates that matched contemporary 
bovine isolates from New York by serovar and pulsed-field gel electrophoresis [PFGE] pattern) were 
compared to those of control-patients infected with Salmonella isolates that were not bovine-associated. The 
presence of blood in the stool while ill was significantly associated with status as a case (OR=2.1, P=0.03). 
In addition, cases were significantly more likely to have invasive salmonellosis (OR=3.6, P=0.02), after 
adjusting for age group, gender, and race. These findings may have implications for patient management, as 
a history of consuming undercooked foods of bovine origin or having direct contact with cattle in the few 
days prior to illness could be useful for suggesting a more proactive diagnostic approach as well as close 
monitoring for the need to implement more aggressive therapy.
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One Health in action: experiences from Lao PDR
Inthavong, P.1, Durr, P.2, Khamlome, B.3, Blaszak, K.1, Somoulay, V.4, Allen, J.2 and Gilbert, J.5, 1NAHC, 
Lao Peoples Dem. Rep., 2AAHL, Austria, 3DHP, Lao Peoples Dem. Rep., 4NCLE, Lao Peoples Dem. Rep., 
5ILRI, Lao Peoples Dem. Rep.; drphouth@yahoo.com

One health is a term increasingly used to describe activities designed to prevent and control diseases in 
humans where there is a domestic animal and/or wildlife component. It has its origins in the realisation that 
most new and emerging diseases of humans arise from domestic and wild animals, and the experience of 
H5N1 where effective control was only achieved with close co-operation of public health, veterinary and 
wildlife experts and agencies. Laos, like the rest of the Countries in Peninsula Indochina, has experienced 
intermittent outbreaks of H5N1 Highly Pathogenic Avian Influenza since 2004, with two human cases 
in 2007. This encouraged a co-ordinated response with establishment of the National Avian and Human 
Influenza Co-ordination Office (NAHICO) between the Ministries of Health and Agriculture. In 2009, 
this office expanded its remit to cover an additional four zoonotic diseases: rabies, anthrax, Leptospirosis 
and Trichinellosis and renamed as National Emerging Infectious Disease Coordination Office (NEIDCO). 
Building on this inter-ministerial commitment to respond to zoonotic disease, in 2011 we commenced a 
sero-epidemiological study to determine the burden of exposure of a range of pig-related zoonotic diseases 
in both populations. This was carried out in two provinces – Luang Prabang in the north and Savannakhet in 
the south – by teams from the Central, Provincial and District Animal and Human Health Offices. Provisional 
results from this survey show that the viral diseases Hepatitis E and Japanese Encephalitis are widespread 
in both provinces, but that the parasitic diseases cysticercosis and trichinellosis are more sporadic. Through 
the identification of the spatial patterning of risk factors associated with these diseases, we hope to be able 
to better target public health interventions and control.

The epidemiology of Clostridium difficile in ulcerative colitis patients
Negron, M.E.1,2, Barkema, H.W.1,2,3, Rioux, K.2,4, De Buck, J.1,2, Checkley, S.5, Proulx, M.C.4 and Kaplan, 
G.G.2,3,4, 1University of Calgary, Production Animal Health, Canada, 2Alberta Inflammatory Bowel Disease 
Consortium, Canada, 3University of Calgary, Community Health Sciences, Canada, 4University of Calgary, 
Medicine, Canada, 5University of Calgary, Ecosystem and Public Health, Canada; menegron@ucalgary.ca

Clostridium difficile affects both animals and humans. The changing epidemiology of C. difficile infection 
and recent outbreaks have led to increased public awareness particularly among predisposed populations, 
such as Ulcerative Colitis (UC) patients. The objective of this study was: (1) determine if UC patients with 
C. difficile infection 90 days prior to hospital or in hospital were more likely to have an emergent colectomy 
and if C. difficile increases the risk of postoperative complications; (2) whether the frequency of C. difficile 
testing/diagnosis has changed over time. We identified all UC patients (≥18 years) admitted to hospital due 
to disease flare under the Calgary Health Zone between January 1, 2000 and December 31, 2009 (n=276). 
Multivariate logistic regression was performed to examine the association between C. difficile diagnosis and: 
(1) emergent colectomy (n=104) versus medically responsive (n=172) patients; (2) postoperative infectious 
complications (n=21/104). Joint point regression analysis was used to test for temporal trends in C. difficile 
testing and positive results between 2004-2009. C. difficile diagnosis 90 days prior or in hospital (n=18) 
increased the risk for having a colectomy when compared to C. difficile negative patients (OR=2.88; 95% 
CI: 1.03-8.03). Preoperative C. difficile diagnosis increased the risk of postoperative infectious complications 
(OR=3.99; 95% CI: 1.02-15.56). Between 2004-2009, 72% of UC patients admitted to hospital were tested 
for C. difficile and the proportion of positive results remained stable. Given the importance of this bacterium 
among UC patients, further research needs to be performed to determine the potential sources of infection.
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Modelling the seasonal spread of an emerging pestivirus in a structured Pyrenean chamois population
Ezanno, P.1, Beaunée, G.1,2, Garel, M.3 and Gilot-Fromont, E.2, 1INRA, Oniris, France, 2VetAgroSup, 
France, 3ONCFS, France; pauline.ezanno@oniris-nantes.fr

Recently, a Pestivirus closely related to Border Disease viruses emerged in populations of Pyrenean chamois 
(Rupicapra r. pyrenaica). The infection rapidly expanded across Pyrenees, leading in some populations to 
large epidemics with numerous deaths (as in Spanish populations), and in some others to the persistence of 
infection over several years with a declining population dynamics (as in French populations). The Pestivirus 
can be transmitted both horizontally through direct contacts and vertically in utero. Vertical transmission 
leads to abortion or to the birth of permanently infected (PI) animals with a short life expectancy. Horizontal 
transmission involves a complex dynamics because of seasonal variation in contacts among sexes and age 
classes, leading to a highly structured population, a seasonal population dynamics, and a seasonal pattern of 
pathogen transmission. To better understand pathogen transmission and the impact of infection on population 
dynamics, we developed an age-sex structured stochastic model of the spread of a Pestivirus accounting for 
seasonal population dynamics and contact pattern. Model outputs are the probability of extinction of the 
infection, the mean and variance of prevalence in infected populations over time, and losses due to abortions 
and disease-related deaths. A sensitivity analysis of the model highlighted the main parameters influencing 
these outputs. Such parameters represent potential control points of this complex biological system and 
require to be estimated precisely to ensure relevant model predictions. The model will be used to evaluate 
hunting plans allowing controlling for Pestivirus spread and its impact on chamois population dynamics.

Contact rates between rangeland livestock and wild ungulates
Dohna, H.1, Peck, D.E.2, Johnson, B.K.3, Reeves, A.4 and Schumaker, B.A.2, 1University of California-
Davis, USA, 2University of Wyoming, USA, 3Oregon Fish & Wildlife, USA, 4Colorado State University, 
USA; dpeck@uwyo.edu

Rangeland livestock in the western U.S. interact with abundant wild-ungulate populations (e.g. elk, deer 
and antelope), which may complicate control of an FMD outbreak. The frequency of livestock-wildlife 
interactions are poorly understood though. This study estimates inter-specific contact rates using the largest 
known dataset on cattle-elk-deer locations, from the Starkey Project’s semi-arid rangelands and forests of 
northeast Oregon, USA. The Starkey Project is a 10,000-hectare fenced enclosure containing 500 cow/
calf pairs, 200 elk, and 200 mule deer. Each year, roughly 41 cattle, 43 elk, and 21 deer are collared, and 
their locations are recorded every 30-60 minutes. Between 1993 and 2007, 849,443 spatial locations were 
collected for cattle; 1,427,707 for elk; and 489,118 for deer. We calculate spatial and temporal distances 
between all observed pairs of animal locations, as well as the proportion of pairwise observations occurring 
within a specified distance and time from each other. Of the 130 million pairs of animal locations separated 
in time by six hours or less, 2.2% of intraspecies pairs, and 0.04% of interspecies pairs involved animals 
located less than 100 meters apart. Specifically, 5% of cow-cow pairs were within 100 m of each other at 
the same point in time. Less than 0.1% of cow-elk pairs, and less than 0.05% of cow-deer pairs, were within 
100 m of each other. Similarly, 4% of cow-cow pairs observed 30 minutes apart were within 100 m of each 
other (relevant for transmission via environmental contamination). Less than 0.02% of deer locations, and 
less than 0.05% of elk locations, were within 100 m of a location a cow visited 30 minutes ago. Contact 
rates between cattle, elk, and deer are relatively low, due perhaps to inter-specific avoidance. They do in 
fact occur, however, and may complicate control of an FMD outbreak.
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A risk assessment of bighorn sheep viability in the Payette National Forest
Carpenter, T.E.1,2 and O’brien, J.M.1, 1University of California, Medicine and Epidemiology, USA, 2Massey 
University, EpiCentre, New Zealand; T.E.Carpenter@Massey.ac.nz

Bighorn sheep currently occupy just 30% of their historic distribution, and populations are substantially 
depressed from their pre-Euroamerican levels. Present-day recovery of bighorn populations is in large part 
limited by periodic outbreaks of respiratory disease, which can be transmitted to bighorns via contact with 
domestic sheep, grazing in their vicinity. In order to assess the viability of bighorn sheep populations on the 
Payette National Forest (PNF) under several alternative patterns of domestic sheep grazing, we developed 
a series of interlinked models. Using telemetry and habitat data, we characterized herd home ranges, and 
foray movements of bighorn sheep outside of their home ranges. Combining our home range and foray 
models with known locations of domestic sheep, we estimated contact rates between the species. Finally, 
we used demographic and epidemiologic data to construct population and disease transmission models, 
which enabled us to estimate bighorn sheep viability under each alternative grazing scenario. Depending 
on the probability of disease transmission following interspecies contact, extirpation probabilities for the 
seven bighorn herds examined here ranged from 20% to100%. Results of this work are being used by the 
United States Forest Service to define management strategies regarding sheep allotment allocations in the 
Western United States.

Epidemiological methodology for fecal collections from free-ranging elk in southwestern Alberta
Pruvot, M., Kutz, S., Musiani, M. and Orsel, K., University of Calgary, Faculty of Veterinary Medicine, 
Production Animal Health / Ecosystem and Public Health, Canada; karin.orsel@ucalgary.ca

In southwestern Alberta, there is considerable co-mingling between elk and cattle (cow-calf operations) 
on natural land for pasture, leading to possible transmission of pathogens between these hosts. Fecal 
sample strategies for laboratory testing, from specified individuals poses some challenges, as accurate 
census data are not available for wildlife species and individuals are not easily identified in a herd. For elk 
specifically, distribution in unstable sub-groups moving across a large territory makes sampling additionally 
challenging. Therefore, classical randomizing methods are not easily applied. The general fecal sampling 
strategy was defined as the collection of fresh samples from distinct individuals in a limited time frame to 
avoid repetitive sampling of individuals due to subgroup structure changes, to allow disease occurrence 
estimations. The sampling process can be divided in: (1) observation phase: identification of subgroup 
dynamics and movement patterns of elk herds; (2) opportunity identification: identification of favorable 
situations depending on individual herd characteristics e.g. resting areas, accessibility based on habituation 
to human interaction; (3) sample collection of fresh fecal samples An intense coverage of the available trails, 
a methodical scanning of the area with binoculars, the use of radio-frequency equipment for the detection of 
collared individuals and thorough searching of the known elk distribution areas, limited the bias induced by 
accessibility. Empirical techniques were implemented to prevent re-sampling of the individual. Our sampling 
methods overcame some of the challenges associated with non-randomized sampling in challenging field 
conditions, providing confidence in our sample strategy for disease detection.
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Seroprevalence and risk factors of Mycoplasma gallisepticum infection in Iranian broiler breeder 
farms
Seifi, S.1, Shirzad, M.R.2 and Pourfallah, M.3, 1Faculty of Veterinary Medicine, University of Mazandaran, 
Amol, Iran, 2School of Veterinary Medicine, Shiraz University, Shiraz, Iran, 3Medical Hygiene Network, 
Amol, Iran; saeedseifi@umz.ac.ir

This study was aimed to determine the risk factors (age, size of flock, locale, sex and strain) and seroprevalence 
of Mycoplasma gallisepticum (MG) in Iranian broiler breeder farms. In addition correlation between 
seroprevalence in breeder with chronic respiratory disease in their progeny was analyzed. The study was 
conducted from May 2002 to October 2008 that was based on rapid serum plate agglutination (SPA) and 
enzyme linked immunosorbent assay (ELISA) tests. To find a correlation between MG in breeders with 
airsaculitis in their progeny, data from broiler slaughterhouses were registered. According to the results, the 
highest (21.4%) and lowest (0%) prevalence of MG infection was found in 2003, 2008 respectively (P<0.05). 
The prevalence was highest (18.5%) in winter and lowest (6.8%) in summer. Ross, Cobb, Arian, Hubbard 
and Arbor Acres had 23.2, 8, 11.4, 14 and 6.9 respectively infection. The prevalence was recorded highest at 
10-20 weeks of age (28%), but in above 60 weeks it was lowest (3.4%). MG infection was higher (56.21%) in 
female than in male (43.79%). The population of the flocks was not influenced on Mycoplasma gallisepticum 
prevalence, no significant difference was seen in flocks up to 30,000 population (11.7%), 30,000-40,000 
(19%) and upper 40,000 (23%). The prevalence of Mycoplamosis in foothills was relatively higher (9.4%) 
than coastal area (7.2%), however not significantly different. The correlation between MG in breeder and 
chronic respiratory disease in broiler wasn’t significant (respectively P=0.743, P=0.103) according to this, 
vertical infection couldn’t be an important cause of condemnation for broiler in slaughterhouse.

Risk factors and seroprevalence of Mycoplasma synoviae infection in broiler breeder farms in 
Mazandaran province, north of Iran
Seifi, S.1, Shirzad, M.R.2 and Pourfallah, M.3, 1Faculty of Veterinary Medicine, University of Mazandaran, 
Amol, Iran, 2School of Veterinary Medicine, Shiraz University, Shiraz, Iran, 3Medical Hygiene Network, 
Amol, Iran; saeedseifi@umz.ac.ir

Mycoplasma synoviae infection occurs worldwide in commercial poultry flocks and may result in severe 
economic losses. This study was aimed to determine the risk factors (age, size of flock, locale and strain) and 
seroprevalence of M. synoviae in broiler breeder farms in Mazandaran province, north of Iran. The study was 
conducted from May 2002 to October 2008 that was based on Rapid Serum Plate Agglutination (SPA) and 
enzyme linked immunosorbent assay (ELISA) tests. For statistical test SPSS (chi square test and pearson 
correlation) was used. The highest (41.2%) and lowest (0%) prevalence of M. synoviae infection was found 
in 2003 and 2008, respectively. Seasonal variation of prevalence with M. synoviae infection was observed 
in the present study. The prevalence was highest (39.6%) in winter and lowest (30.6%) in summer. Ross, 
Cobb, Arian, Hubbard and Arbor Acres strains had 40%, 44%, 32%, 27% and 45% infection, respectively. 
The prevalence of M. synoviae infection increased with age. The prevalence was recorded highest in above 
60 weeks of age (43.1%), but at 10-20 weeks it was lowest (12.7%). The population of the flocks was not 
influenced on M. synoviae prevalence, no significant difference was seen in flocks up to 30,000 population 
(37.8%), 30,000-40,000 (46.8%) and upper 40,000 (51.3%). Farms were separated in two different zones 
(foothills with less humidity compared with coastal area). The prevalence of Mycoplamosis in foothills 
was significantly (P<0.05) higher (36.9%) than coastal area (30.1%). The results showed that occurrence 
of M. synoviae have a significant relationship with the age and zone of sampling.
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High Brachyspira colonization rates of Belgian layer flocks and boiler hen carcasses
Verlinden, M., Pasmans, F., Garmyn, A., De Zutter, L., Haesebrouck, F. and Martel, A., Faculty of veterinary 
Medicine, Ghent University, Merelbeke, Belgium; marc.verlinden@ugent.be

Brachyspira intermedia, B. alvinipulli and B. pilosicoli have been associated with diarrhea, fecal eggshell-
staining and reduced egg production in laying hens. B. pilosicoli has also been associated with enteric 
disease in humans. We screened Belgian layer flocks for the presence of Brachyspira spp. and studied 
contamination of boiler hen carcasses with these bacteria as a possible source of human infections. In 2008-
2009, 5 chickens per flock from 18 Belgian layer flocks (13 production and 5 rearing flocks) with symptoms 
as described above, and 10 chickens per flock from 10 randomly selected layer flocks at slaughter age, were 
screened for the presence of Brachyspira sp. by culturing cecal content. In 2009-2010, carcass (n=110) rinse 
samples, from 11 batches of boiler hens bought in Belgian supermarkets, were investigated. Nine of the 13 
production flocks were positive for Brachyspira sp. opposed to none of the rearing flocks. On average 66% 
of the birds in an infected flock were positive, with an increasing morbidity rate with increasing bird age. At 
slaughter age, 9/10 flocks were positive for Brachyspira and within flocks multiple species were identified. 
Five of the 10 flocks were positive for B. intermedia. Cultures of carcass rinse samples demonstrated the 
presence of Brachyspira spp. in all batches. B. intermedia (7/11 batches) and B. pilosicoli (1/11 batches) 
were present at high numbers as shown by quantitative-PCRs. Multilocus sequence typing demonstrated 
the presence of 13 different sequence types in B. intermedia on the carcasses. In conclusion, the number 
of Brachyspira positive layer flocks and the colonization rates within positive flocks increased with age. 
The poultry pathogenic species B. intermedia was commonly found with a marked genetic diversity. 
Contamination of boiler hen carcasses with high numbers of Brachyspira spp., including the zoonotic agent 
B. pilosicoli, was highly prevalent.

Case-control study into risk factors for visible lesions or positive laboratory tests in bovine tuberculosis 
reactor cattle in Northern Ireland
O’ Hagan, M.J.H.1, Abernethy, D.A.2, Courcier, E.A.2, Drewe, J.A.3 and Gordon, A.W.4, 1Agri-Food 
and Biosciences Institute, Veterinary Sciences Division, Bacteriology Branch, Belfast, United Kingdom, 
2Department of Agriculture and Rural Development, Veterinary Epidemiology Unit, Belfast, United 
Kingdom, 3Royal Veterinary College, Veterinary Clinical Sciences, University of London, United Kingdom, 
4Agri-Food Biosciences Institute, Biometrics and Information Systems Branch, Belfast, United Kingdom; 
marion.ohagan@btconnect.com

To determine the risk factors that affect the presence of visible lesions or positive laboratory tests in 
bovine tuberculosis (bTB) reactor cattle (i.e. cattle that reacted to the single intradermal comparative (SIC) 
tuberculin skin test) in Northern Ireland. An observational case control study was conducted of all reactor 
cattle in Northern Ireland in 1998, 2002 and 2006. Data were obtained from APHIS (Animal and Public 
Health Information System). Step wise logistic regression modelling was used to investigate potential risk 
factors, hypothesised to be associated with the presence of visible lesions in bTB reactor cattle or positive 
laboratory tests. Out of the 29,846 reactor cattle investigated, 43.0% had visible lesions at post-mortem 
and 45.4% were confirmed as bTB positive by laboratory tests. In 97.5% of the reactors the visible lesion 
status and bTB status were either both negative or both positive. Significant risk factors identified through 
the multivariable analysis (P<0.05) were age at death, breed, sex, test year, net rise in bovine skin thickness, 
risk status of the disclosure test, total number of reactors at the disclosure test, history of being in an area 
with confirmed bTB and being an inconclusive at a SIC skin test previously. These risk factors are likely 
related to other factors including the strength of the challenge and the susceptibility of the animal. These 
findings are important as the detection of visible lesions and the confirmation of bTB are integral parts of 
the overall bTB control programme in Northern Ireland.
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Factors associated with Amblyomma variegatum presence in farms in Nevis and determination of 
high risks TBT areas
Bartlette, P.1, Porphyre, T.2, Morton, B.1, Alfred, S.1, Beattie, P.3, Sampson, S.4, Delgado, A.5, Shaw, 
J.6, Lefrancois, T.2 and Pradel, J.2, 1Vet Services, Nevis, Saint Kitts and Nevis, 2CIRAD UMR CMAEE, 
Guadeloupe, 3FSR, Saint Kitts and Nevis, 4NIA, Charlestown, Saint Kitts and Nevis, 5IICA, Costa Rica, 
6USDA APHIS IS, Dominican Republic; vetnevis@hotmail.com

Tropical Bont Tick (TBT), Amblyomma variegatum, is an invasive tick species of ruminants present in 
10 Caribbean islands. TBT and the associated disease dermatophilosis, have been a challenge to livestock 
development in Nevis, Northern West Indies, for the past 30 years. After the end of a regional eradication 
program, active surveillance and control was conducted by veterinary services between 2007 and 2009. 
However, prevalence of dermatophilosis increased with some areas more infested, highlighting the need 
to determine the factors associated with TBT presence on farms. A case-control study was conducted to 
identify (1) the risk factors associated with the occurrence of the TBT on Nevis; and (2) the areas at high 
risk of tick persistence. Cases were selected as farms with clinical signs consistent with dermatophilosis and 
confirmed to have TBT present between 2007-2009. Control farms, without evidence of TBT presence or 
dermatophilosis cases during same period, were selected from a regularly maintained list of all active farms 
on the island, and matched to the cases based on parish. A questionnaire was administered to all cases and 
controls, which collected information on control practices, awareness level to ticks issues, etc. Univariable 
and multivariable logistic regression performed to explore the relationship between measured variables and 
the presence of TBT. Risk factors related to TBT include farmer attitudes toward TBT control and species 
hold on the farms. After many years of unsuccessfully employing various strategies for the control and 
eradication for TBT and dermatophilosis, the Veterinary Authority in Nevis anticipate using the results of 
this study as the scientific foundation for a more sustainable, targeted approach to the control of this pest.

Study of mechanisms of resistance to fipronil in field populations of Boophilus microplus (Acari 
Ixodidae)
Castro Janer, E.1,2, Klafke, G.M.1 and Schumaker, T.T.S.1, 1Universidade de São Paulo. Instituto de Ciências 
Biomédicas., Departamento de Parasitología, Brazil, 2Universidad de la República. Facultad de Veterinaria, 
Departamento de Parasitología, Uruguay; elinor@adinet.com.uy

Nowadays, the main obstacle to the control of the cattle tick (Boophilus microplus) is the resistance to 
acaricides. The metabolic resistance to fipronil in tick populations from Brazil and Uruguay was assessed 
through larval immersion test (LIT) and adult immersion test (AIT) with synergists. A susceptible (Mozo) 
and a resistant strain (RFSan) and another three resistant field populations (JRRS, DUR, QUE) were 
exposed to fipronil and enzymatic inhibitors of esterases (triphenylphosphate-TPP: 0.01%), cytochrome 
P450 monoxygenases (P450) (piperonyl butoxide-PBO: 0.01%) and glutathione S-transferases (GST) 
(diethylmaleate-DEM: 0.05%). The control group was exposed only to fipronil. In adults of the RFSan 
(resistance ratio – RR=3.9), the resistance to fipronil was not suppressed due the addition of DEM or 
PBO. Nevertheless, synergism studies with larvae of the same strain revealed the involvement of P450 and 
esterases, with synergism ratios (SR) of 3.3 and 2.5 for PBO and TPP, respectively. Neither the LIT, nor the 
AIT confirmed the metabolic detoxification mediated by GST in the RFSan strain. With the field isolates, 
no synergism of DEM or TPP was observed with DUR (RR=2.1) and QUE (RR=87.7). However, for JRRS 
(RR=3.5) synergism with TPP was observed (SR=2.9). Possibly, the increase of esterase activity can be 
associated to the presence of resistant individuals to pyrethroids and organophosphates. All the populations 
tested were resistant to both acaricides, so the increment of the enzymatic detoxification activity for some 
pesticide could affect the efficacy of another pesticide, characterizing cross-resistance. Although the addition 
of PBO has enhanced fipronil toxicity against some resistant populations, the metabolic resistance do not 
appears to be the major mechanism of resistance to fipronil in the cattle tick.
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Prevalence and spatial distribution of bovine tuberculosis in Bahia, Brazil
Avila, L.N.1, Perez, A.M.2, Gonçalves, V.S.P.3, Ferreira Neto, J.S.4, Ferreira, F.4, Telles, E.O.4, Dias, R.A.4 
and Amaku, M.4, 1Agência de Defesa Agropecuária do Estado da Bahia, DDSA, Brazil, 2UC Davis, Center 
for Animal Disease Modeling and Surveillance, USA, 3UNB, FAV, Brazil, 4USP, FMVZ, Brazil; 
luluna80@hotmail.com

Bovine tuberculosis (BT) is an infectious disease caused by the Mycobacterimum bovis that affects humans 
and several mammalian species. BT is important because it inflicts far-reaching economic losses to infected 
regions and because of its impact on public health. Epidemiological surveys were conducted in the State 
of Bahia between 2008 and 2010, with the objective of estimating the prevalence and assessing the spatial 
distribution of the disease. The state of Bahia was stratified into four regions, each of them representing a 
set of homogeneous epidemiological and demographic characteristics, referred to as production circuits. 
A total of 18,810 >2 years old cattle in 1,305 herds, ranging 320-370 herds per region and 20-40 cattle per 
herd, were randomly selected. A cervical comparative test was applied to each selected animal; reactive 
cattle and cattle with two consecutive inconclusive tests were considered BT-positive, whereas non-reactive 
cattle were considered BT-negative. Case-herds were those with at least one BT-positive result, whereas 
herds without BT-positive results were assumed to be control-herds. Latitude and longitude were recorded 
for each sampled herd using a generic Global Positioning System (GPS). The Cuzick-and-Edwards’ test was 
used to identify whether BT was spatially clustered. Herd-level prevalence, as indicated by the proportion 
of case-herds, was 1.6% (range 0.3-2.9% per region). No evidence of significant (P<0.05) spatial clustering 
was detected by the Cuzick-Edwards’ test at any of the assessed levels of neighborhood, which ranged from 
1 to 10, most likely, due to the low disease prevalence. Results here suggest that BT is low prevalent in the 
State of Bahia and that disease prevalence is independent from spatially-structured factors.

Prevalence of hepatitis E virus in French domestic pigs and preliminary risk factors
Fablet, C.1, Le Fèvre, J.1, Lunazzi, A.2, Dorenlor, V.1, Merbah, T.2, Eono, F.1, Pavio, N.2 and Rose, N.1, 
1ANSES Laboratoire de Ploufragan-Plouzané, Epidemiology group, France, 2UMR 1161 Virology Anses/
INRA/ENVA, Laboratoire de santé animale, France; christelle.fablet@anses.fr

A nation-wide study was carried out in French slaughter-aged pigs to estimate the seroprevalence and 
prevalence of HEV contaminated livers and to further assess on-farm characteristics associated with HEV 
positivity at the farm level. 6565 sera and 3715 livers were randomly sampled from 186 pig farms throughout 
the country. Sera samples were tested for HEV IgG antibodies and livers for molecular detection of HEV 
using RT-PCR. Taking the sampling design into account, the farm-level seroprevalence was 65% (95% CI 
57-74) and 31% (95% CI 24-38) of the slaughter-aged pigs had antibodies against HEV. The individual 
prevalence of HEV RNA positive livers was 4% (95% CI 2-6) and 24% (95%CI 17-31) of the farms had at 
least 1 positive liver. Most isolates were of genotype 3f (76.7%) with smaller amounts of 3c (18.6%) and 
3e (4.6%). From the sampled 115 farms located in western France, 91 agreed to participate to the risk factor 
study. Farm characteristics associated with the probability of having at least 1 HEV positive liver were 
linked to (1) replacement gilt introductions (more than 6 weeks in the acclimatization room, no distribution 
of feces during acclimatization); (2) short (<3 days) down periods in farrowing and weaning facilities; 
(3) large rooms with more than 20 sows/room in the farrowing sector; and (4) more than 3 shipments for 
the slaughterhouse for a given batch of fattening pigs. These results showed that HEV contamination of 
slaughter-aged pigs in farrow-to-finish farms is linked to rearing conditions of the breeding herd and to the 
slaughter age of fattening pigs as suggested by the association between the frequency of shipments to the 
slaughterhouse/batch and HEV positivity.
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Prevalence and control of Bovine Viral Diarrhea in two large industrial dairies around Tehran-Iran
Nekouei Jahromi, O.A.1, Taghipour Bazargani, T.2, Bahonar, A.R.1, Akbarein, H.1, Sharifi, H.3 and Emadi, 
R.2, 1Faculty of Veterinary Medicine, University of Tehran, Food Hygiene and Epidemiology, Iran, 2Faculty 
of Veterinary Medicine, University of Tehran, Clinical Sciences, Iran, 3Faculty of Veterinary Medicine, 
University of Shahid Bahonar Kerman, Epidemiology, Iran; omidnekouie@gmail.com

BVDV is one of the commonest infectious agents with significant economical losses in dairy cow industry 
all over the world. Prominent impact of the consequences has mostly been ignored in Iran; therefore, this 
study was conducted to clarify some important features related to the infection and as a footstone for 
further investigations leading to serious control measures in Iran. During the summer of 2011, 2926 and 
952 (overall 3,878) blood samples from 2 large industrial dairy farms around Tehran were gathered. The 
samples were from over 3.5 months calves and all adults. Adopted control and eradication program was 
based on mass testing (census), culling PI animals from the herds, taking serious biosecurity measures. 
All samples according to the similarities and age were categorized into pooled samples for RT-PCR and 
positive ones underwent AC-ELISA, individually. 46 and 35 (overall 81) samples were positive in the first 
test. The second sampling on the positives was carried out 3-4 weeks later. Only 3 persistently infected 
(PI) were discovered from the larger farm and the smaller one had no PIs. Overall, antigenic prevalence of 
BVDV was about 2% (TI) and PI prevalence was only 0.07%. This campaign program is still going on by 
testing neonates before colostural intake and culling new diagnosed PIs.

Risk factors for seropositivity to Mycoplasma hyopneumoniae and severity of clinical symptoms of 
enzootic pneumonia in fattening pigs
Nathues, H.1,2, Rechter, G.3, Chang, Y.M.2, Wieland, B.2, Pfeiffer, D.U.2, Kreienbrock, L.3 and Grosse 
Beilage, E.1, 1University of Veterinary Medicine Hannover, Field Station for Epidemiology, Germany, 2The 
Royal Veterinary College, London, VEPH Group, United Kingdom, 3University of Veterinary Medicine 
Hannover, IBEI, Germany; hnathues@rvc.ac.uk

Our aim was to examine potential risk factors associated with the occurrence of enzootic pneumonia in a 
region of high pig density (>800 pigs per 100 ha), where majority of herds is endemically infected with 
Mycoplasma hyopneumoniae. Overall 112 herds were enrolled in this study, which included collection of 
epidemiological data by personal interview with farmers and investigation of the pigs´ environment. Clinical 
examination of fattening pigs included measuring the coughing index [C-Ind] and assessing seropositivity to 
M. hyopneumoniae [SP in %], SIV and PRRSV in finishing pigs. In a multinominal regression model three 
different groups were defined to identify risk factors for the within-herd transmission of M. hyopneumoniae 
and the occurrence of clinical symptoms: 25 ‘healthy’ herds (C-Ind <2.5, SP <0.5), 35 herds with high 
‘seropositivity’ only (C-Ind <2.5, SP≥0.5) and 40 herds with ‘disease’ (C-Ind≥2.5, SP≥0.5). An increase of 
the age of piglets at weaning could be identified as risk for both, ‘seropositivity’ and ‘disease’. Any contact 
between fattening pigs of different age during restocking of compartments increased the risk for ‘disease’. 
The use of living animals for the exposition to replacement gilts during the acclimatisation in the herd and 
an increase in the number of weaned piglets per sow per year were protective in terms of ‘seropositivity’ 
and ‘disease’. In this study, focusing on risks of within-herd transmission of M. hyopneumoniae and on 
the occurrence of clinical symptoms of enzootic pneumonia in fattening pigs, new aspects, namely the 
duration of the suckling period and the link to high sow herd productivity, likely reflecting good hygiene 
and management measures, were identified.
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A knowledge exchange framework for the monitoring and control of paratuberculosis on Scottish 
farms
Huntley, S.1, Adam, K.2, Tongue, S.1 and Gunn, G.1, 1Scottish Agricultural College, Epidemiology Research 
Unit, United Kingdom, 2Royal Veterinary College, United Kingdom; selene.huntley@sac.ac.uk

Multiple barriers exist to effective disease control. Among these is a perception that control attempts are 
futile due to unrealistic or rigid guidelines that may not be feasible or cost effective for all farms. The aim of 
the PARABAN project is to develop a framework for effective knowledge exchange amongst all stakeholders 
involved in the reduction of bovine paratuberculosis on Scottish farms and so leave a lasting legacy of best 
practice for other disease mitigation programmes. Paratuberculosis is an insidious disease of considerable 
economic impact to Scottish industry. On-farm control is difficult due to its long incubation period and 
because the disease is frequently spread by subclinically infected animals. Control is best achieved by the 
removal of infected animals from the herd to prevent further spread yet diagnostic tests may fail to detect 
early infected cases Frustration may ensue when infected animals are identified in the herd after years of 
implementation of gold standard interventions at considerable expense and effort for the farmer. Eight 
Scottish farms are participating in this longitudinal study. For each farm, the feasibility of the implementation 
of best practice advice is assessed by all involved in the chain from farm to research (farmers, vets, health 
scheme providers, laboratories, researchers and recognized experts). Decisions are ultimately made by the 
farmer and their vet and interventions implemented whilst the prevalence of paratuberculosis on the farms 
is monitored. Adaptations to control measures are made as necessary whilst the process of knowledge 
exchange is constantly assessed and refined. The development of a multi-way forum offers a dynamic and 
adaptable approach to disease control and may be key to the success of disease mitigation programmes.

A survey on Incidence rate of udder related health disorders in Iranian dairy cows (2007-2008)
Sharifi, H.1, Alizade, H.R.2, Akbarein, H.3, Adeli Sardoo, M.2, Nekouie, O.A.3 and Karamouzian, M.4, 
1Faculty of Veterinary Medicine, Shahid Bahonar University of Kerman, Food Hygiene and Public Health, 
Iran, 2Faculty of Agriculture, University of Jiroft, Iran, 3Faculty of veterinary Medicine, Tehran University, 
Food Hygiene and Quality Control, Iran, 4Research Center for Modeling in Health, Kerman University of 
Medical Sciences, Iran; omid_nekouie3@yahoo.com

Udder disorders, mastitis in particular, are one of the most important health disorders in a dairy farm. Mastitis 
is the most prevalent infectious disease of adult dairy cattle that affects herd productivity. We conducted 
a historical longitudinal study with time-dependent covariates, to investigate the incidence rate of udder 
related health disorders in dairy herds in Tehran, Iran. A total of 7,067 first- and second- parity Holstein 
dairy cows that calved from March, 21, 2007 to March, 20, 2008 were followed until the next calving or 
culling. The annual incidence rate of mastitis and udder injuries were 32.3% (95% CI: 31.1-33.5) and 0.9% 
(95% CI: 0.5-1.2) respectively. Herd size appeared as an important factor in increasing incidence rate of 
mastitis and udder injuries. The incidence rate of these health disorders in large herds was significantly 
higher than small herds (P<0.05). The results presented herein, demonstrate that the incidence rate of these 
health disorders, principally mastitis, is high in this area.
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Biosecurity measures on Finnish pig farms have become more common
Kyyrö, J., Sahlström, L., Virtanen, T. and Lyytikäinen, T., Finnish Food Safety Authority Evira, Research 
dept, Finland; jonna.kyyro@evira.fi

Two independent questionnaires (in 2002 and 2011) with questions concerning biosecurity on pig farms 
were analyzed. The first one was sent to 910 pig farmers and the response rate was 24%. The latter one 
was sent to 1000 pig farmers and the response rate was 42%. Altogether 47 pig farmers answered both 
questionnaires and their responses were used for this study. Application of six biosecurity measures was 
studied: (1) protective footwear is provided to and used by visitors; (2) protective clothes are provided 
to and used by visitors; (3) a separate loading space holding all the animals for loading is in use; (4) the 
loading space is washed after use; (5) control of rodents and birds on animal premises; (6) control of 
rodents and birds in feed storage facilities. There were 20 farrowing farms, 13 farrow-to-finish farms and 
14 finishing farms in this study. Average farm size had grown significantly (10%) during this nine year 
period. Two out of six biosecurity measures had become significantly more common: the use of a separate 
loading space had increased from 45-70% and visitors’ use of protective clothing increased from 70-90%. 
The implementation frequency of other studied biosecurity measures did not change significantly in the 
study population (McNemar test). In conclusion, these results indicate that the implementation of certain 
biosecurity measures has become more frequent on Finnish pig farms.

Outbreak of avian infectious bronchitis (IB) in Finland
Tammiranta, N., Huovilainen, A. and Ek-Kommonen, C., Finnish Food Safety Authority Evira, Research 
and Laboratory Department/Veterinary Virology Research Unit, Finland; niina.tammiranta@evira.fi

Avian infectious bronchitis (IB) is one of the most important poultry diseases that cause severe economic 
losses in the poultry industry worldwide. Finland has been free of IB for decades. Last outbreaks were in the 
1970’. In 2007 there was one outbreak with a virus that was suspected of originating from a vaccine virus 
although vaccination for infectious bronchitis virus (IBV) was not allowed at that time. The good situation 
has been partly due to strict import regulations possible to maintain because of our good Salmonella situation 
and our non-vaccination status of Newcastle disease. In the spring of 2011 IB was confirmed in a layer flock 
with clinical symptoms. The layer flock had a lot of contacts with hobby flocks. Vigilance combined with 
follow up studies led to the detection of IB in further flocks. The present epidemiological situation as well 
as clinical symptoms, both respiratory symptoms and reduced performance, indicate that both broilers and 
layers have come in contact with IBV. The outbreak in the field is continuing and at the moment we receive 
samples from new cases weekly. We have found different types of IB viruses and their characterization is 
in process. The results will be presented in the poster. An epidemiological investigation has been started to 
find out the origin of the viruses. IB vaccination has not been practiced in Finland although one inactivated 
vaccine has been on the market. The decision about using a live vaccine is still pending.
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Using educational tools and methods to bridge the gaps between theory and application
Vink, W.D., Stevenson, M.A., Cogger, N. and Nguyen, V.L., Institute of Veterinary, Animal and Biomedical 
Sciences, Massey University, EpiCentre, New Zealand; W.D.Vink@massey.ac.nz

The need for epidemiological skills has never been higher. There is an ongoing need for capacity development 
and training in epidemiology, at individual, institutional and national levels. This is particularly acute in 
developing areas of the world. The present day’s increasingly widespread access to the internet gives us 
unparalleled opportunities to collaborate remotely and provide tools, training and support, as well as share 
information and data. This is facilitated by the establishment of increasingly functional technologies and 
user-friendly software, which enhance ease of use while reducing development time. The challenge is to 
make the best use of such opportunities. The EpiCentre has historically had a strong focus on software 
development. Here, we showcase a number of innovative training and support tools that are currently being 
used. Since 2010, Massey University has offered a ‘One Health’ Masters programme which has a focus 
on epidemiology and is predominantly distance-taught. The online learning environment incorporates 
innovative features including applied scenario-based learning, tutored small-group activities and use of 
specific software tools. There is a strong emphasis on communication and collaboration, which has enabled 
activities such as the synchronous development of cognitive maps, risk assessments and a facilitated expert 
elicitation workshop. We have also developed a suite of epidemiological calculators for use on iPhone and 
Android platforms, for individual use. In a decision-making context, we have developed a real-time decision 
support system to facilitate the entry and analysis of animal health data in Vietnam.

Herd factors associated with pneumonia and pleuritis in slaughter-aged pigs from farrow-to-finish 
pig farms
Fablet, C., Dorenlor, V., Eono, F., Eveno, E., Jolly, J.P., Portier, F., Bidan, F., Madec, F. and Rose, N., Anses, 
Epidemiology, France; christelle.fablet@anses.fr

A cross-sectional study was carried out in 143 farrow-to-finish herds to identify noninfectious factors 
associated with pneumonia and pleuritis in slaughter-aged pigs. Data related to herd characteristics, 
biosecurity, management and housing conditions were collected by questionnaire during a farm visit. 
Climatic conditions were measured in the post-weaning and finishing rooms where the slaughter pigs have 
been raised. A sample of 30 randomly selected finishing pigs per herd was scored for pneumonia and pleuritis 
at slaughterhouse. Herds were grouped into three categories according to their pneumonia median score 
(class 1: ≤0.5; class 2: 0.5<score≤<score≤3.75; 3:=‘>3.75; class 3>3.75). For pleuritis, a herd was deemed 
affected if at least one pig had extended pleuritis. Multinomial and binomial logistic regression models 
were used to identify factors associated with pneumonia and pleuritis, respectively. An interval of less than 
four weeks between successive batches, large finishing room size and high mean CO2 concentration in the 
finishing room significantly increased the odds for a herd to be in class 2 for pneumonia. The same risk 
factors were found for class 3 and, in addition, a direct fresh air inlet from outside or from the corridor in 
the post-weaning room versus an appropriate ceiling above the pigs also increased the risk. The odds for 
a herd to have at least one pig with extended pleuritis was increased when the farrowing facilities were 
not disinsected, when tail docking was performed later than 1.5 days after birth and if the piglets were 
castrated when more than 14 days old. A temperature range of less than 5 °C for the ventilation control rate 
in the farrowing room, a mean temperature in the finishing room below 23 °C and large herd size were also 
associated with increased risk of pleuritis. All rearing steps from farrowing to finishing should be taken into 
account in any health programme aimed at controlling pneumonia and pleuritis.
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EpiCal: an App for Epi geeks
Caraguel, C.G.B., Wohlers-Reichel, R.L. and Reichel, M.P., School of Animal & Veterinary Sciences, The 
University of Adelaide, Australia; charles.caraguel@adelaide.edu.au

With the increasing use of tablets and other forms of mobile computing, and in particular the increasing 
availibility and use of iPhones, also by veterinary practitioners, the technology exists to make 
epidemiologically relevant calculators readily available to the field practitioner and to veterinary students. 
Here we present an iPhone App that can be distributed through the iTunes App Store (ensuring world-wide 
accessibility) and enables the mobile calculating of basic epidemiologically important estimates. In its first 
publicly released version, the App will allow the calculation of, amongst others: (1) measures of association; 
(2) measures of effect; (3) diagnostic test evaluation and interpretation; (4) sample size calculation. The App 
will obviate the need for permanent access to the Internet in the field in order to access epidemiological 
calculators, enable evidence-based decision practice and allow Epi geeks to calculate on the go!

Impact on the productivity of dairy cattle by the subclinical infection to bovine leukemia virus
Kobayashi, S., Hayama, Y., Nishida, T., Muroga, N. and Tsutsui, T., National Institute of Animal Health, 
Viral Disease and Epidemiology Resrach Division, Japan; sotaco@affrc.go.jp

Enzootic bovine leucosis is one of the notifiable diseases in Japan. The number of detected cases has 
increased gradually and exceeded 1000 since 2008. It is known that less than 5% of cattle that were 
infected to bovine leukemia virus (BLV) develop the clinical manifestation of leukemia. However, potential 
impact of subclinical infection on productivity is not clear. We investigated Dairy Herd Performance Test’s 
(DHPT’s) records of randomly-selected 674 cattle from 43 farms. Among these cattle, 262 (40.5%) were 
positive to the serum ELISA for BLV. The association between the infection status and the productive 
performance data including milk yield and other parameters were analyzed using the hierarchical Bayesian 
model by MCMCglmm package of the statistical computing environment R. In the present analysis, farm 
was accounted as a random effect, and the parity, calving season, days in lactation and linear score of the 
somatic cell counts (LSSCC) were considered as possible confounders. As a result, although the mean of the 
305-day adjusted milk yield of the infected and uninfected cattle was estimated at 8,753.1 and 8,618.0 kg, 
respectively, the difference was not significant in the present model (P=0.91). Similarly, no other parameters 
including milk fat, milk protein, solids non fat, milk urea nitrogen and LSSCC were significantly associated 
with the infection status (P=0.98, 0.75, 0.25, 0.44 and 0.40, respectively). These results imply the subclinical 
infection to BLV has no apparent impact on the production performance of dairy cattle. However, these 
influence may also depend on the stages of the subclinical disease progress, further examination will be 
needed to evaluate the true impact of the BLV infection on dairy production.
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Hepatitis E virus infection in domestic swine in Belgium
Thiry, D.1, Mauroy, A.1, Brochier, B.2, Thomas, I.2, Miry, C.3, Czaplicki, G.4 and Thiry, E.1, 1University of 
Liège – Faculty of Veterinary Medicine, Department of Infectious and Parasitic Diseases, Veterinary Virology 
and Animal Viral Diseases, Belgium, 2Institute of Public Health, Operational Directorate Communicable 
and Infectious Diseases, Virology, Belgium, 3Dierengezondheidszorg Vlaanderen, Veterinary pathology, 
Belgium, 4Regional Agency for Animal Health and Identification, Department of animal health, Serology, 
Belgium; damien.thiry@ulg.ac.be

Hepatitis E virus (HEV) infection is hyperendemic in developing countries and endemic in developed 
countries. Many evidences claimed for a zoonotic transmission involving strains from genotypes 3 and 4. 
The main putative animal reservoirs for HEV in Western Europe are pigs, wild-boars and deers. This survey 
aimed to investigate HEV apparent seroprevalence in pigs in Belgium. In 2010, the Belgium pig population 
reached 6,321,055 individuals and HEV could represent a true hazard for the public health. Serum sampling 
(from an initial randomized sampling) was stratified according to regions and provinces and, within each 
province, a systematic sampling was realised to select pig farms (n=70). The sampling was performed in 
sows between September 2010 and October 2011; 6 sera were taken in each farm (n=420). HEV ELISA 
4.0v, MP Biomedicals Asia Pacific Pte. Ltd., Singapore, was used and an apparent seroprevalence of 73% 
was obtained using the cut-off of the kit. Then, a ROC curve was created, adding true negative sera. Finally, 
randomly selected, positive pig sera (n=50) were tested by Western blotting (modified recomLine HEV IgG/
IgM, Mikrogen Diagnostik) in order to validate ELISA specificity and to adapt the cut-off. In conclusion, the 
high HEV seroprevalence in swine in Belgium raises zoonotic concerns about HEV transmission from pigs 
to human and the role of pig herds as reservoir of this infection. Research supported by the Belgium Federal 
Public Service, Health, Food Chain Safety and Environment. We thank Dr Cariolet (Anses-Ploufragan) and 
Prof van der Poel (Central Veterinary Institute-Lelystad).

Areas at risk of Leptospira exposure among livestock in France, a survey from 2008 to 2011
Ayral, F.1, Artois, M.1, Djelouadji, Z.2 and Kodjo, A.2, 1VetAgro Sup, Wildtech project, France, 2VetAgro 
Sup, Laboratoire des Leptospires, France; florence.ayral@vetagro-sup.fr

Leptospirosis is a worldwide spread disease which affects mammalian species namely cattle and swine, 
those are main livestock in France. In animal, the clinical signs observed are mainly reproductive disorders, 
they are not specific. Leptospirosis is usually suspected as part of a reproductive disorder investigation 
(such as looking for Brucellosis or Infectious Bovine Rhinotracheitis in cattle and virus of respiratory and 
reproductive disorder syndromes or parvovirus in swine). The aim of our study was to map at-risk areas in 
France for a surveillance purpose. Leptopira survival in the environment is known to rely on temperature and 
humidity. The exposure of domestic species is expected to be different in different habitats. Consequently, the 
proportion of exposed livestock should be different from an area to another. The first objective of the study 
was to assess the frequency of leptospira antibodies in swine and cattle with a reproduction disorder. The 
second objective was to map at risk regions for the main detected serovars. The third objective was to use 
the geographic distribution of leptospira serovars to draw hypothesis on the reservoir species to be implied, 
in order to plan appropriate surveillance in wildlife. This study was based on leptospira serology results with 
the Micro agglutination test (MAT) carried out at the veterinary reference laboratory for leptospira diagnosis 
(Laboratoire des Leptospires). Results from 2008 to 2011 with whole data were included in the study. 
Serology test results were considered as tested positive when titer was over a 1:100 in cattle as in swine. 
Risk map for leptospira in livestock and (afterward) in wild animal reservoir should be useful in a public 
health approach with the further aim to document transmission risk and route of transmission to humans.
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Efficacy of sow washing on the livestock-associated MRSA skin status
Verhegghe, M.1,2, Bekaert, M.3, Pletinckx, L.J.4, Crombé, F.1,5, Haesebrouck, F.1, Butaye, P.1,5, Heyndrickx, 
M.1,2 and Rasschaert, G.2, 1Ghent University – Faculty of Veterinary Medicine, Department of Pathology, 
Bacteriology and Avian Diseases, Belgium, 2Institute for Agricultural and Fisheries Research (ILVO), 
Technology and food science unit, Belgium, 3Ghent University – Faculty of Sciences, Department of 
Applied Mathematics and computer science, Belgium, 4Catholic University College South-West-Flanders, 
Department HIVB, Belgium, 5Department of Bacteriology and Immunology, Veterinary and Agrochemical 
Research Centre (VAR), Belgium; geertrui.rasschaert@ilvo.vlaanderen.be

The present study investigated the effect of sow washing, a common Belgian measure, on the skin MRSA 
status of the sow. A sponge of the back skin of 48 sows, originating from four farrow-to-finish farms (farms 
A to D; 12 sows sampled per farm) was taken before and after washing. Sow washing included 3 steps: (1) 
spraying with water; (2) soaping in with product; and (3) rinsing with water. The MRSA skin contamination 
remained unchanged in 64% of the sows both before and after washing. MRSA was found on the skin of 
13% of the sows before washing but not after washing. From the skin of the remaining sows (23%), MRSA 
was only isolated from the skin samples after washing. Spa types t011 and t034 were observed, which are 
associated with livestock-associated MRSA. Although hygiene measures are used to diminish the MRSA 
load on a farm, the present study indicates that sow washing before farrowing has no significant effect on 
the skin MRSA status of the sow (SAS 9.2, P=0.32). Further research is needed to develop a procedure that 
reduces the MRSA contamination of the sows.

Seroprevalence of Neospora caninum, paratuberculosis and Q fever in cattle in Belgium
Vangeel, I.1, Méroc, E.1, Roelandt, S.1, Welby, S.1, Van Driessche, E.2, Czaplicki, G.3, Van Schoubroeck, L.2, 
Quinet, C.3, Riocreux, F.1, Hooyberghs, J.4, Houdart, P.4 and Van Der Stede, Y.1, 1CODA-CERVA, Belgium, 
2DGZ, Belgium, 3ARSIA, Belgium, 4FAFSC, Belgium; yves.vanderstede@coda-cerva.be

A large cross-sectional serological survey was conducted between November 2009 and February 2010 to 
estimate the animal and herd level seroprevalence of Mycobacterium avium subspecies paratuberculosis 
(MAP, paratuberculosis or Johne’s disease), Neospora caninum (neosporosis) and Coxiella burnetii (Q fever) 
in cattle in Belgium. A total of 1,100 cattle herds were randomly selected from the list of all Belgian cattle 
herds (dairy, beef and mixed herds but excluding veal holdings). Within each herd, blood samples were 
collected from 10 animals of 12-24 months of age and 20 animals >24 months of age. All serum samples 
(n=18858, n=957) were tested for N. caninum antibodies using a SRS2 sandwich ELISA (Bio K 192, Bio-X 
Diagnostics). Samples from >24 month old cattle were also tested for MAP antibodies (n=13616, n=937) 
using an adsorbed indirect ELISA (ID Screen® Paratuberculosis Indirect, ID VET) and for C. burnetii 
antibodies (n=13641, n=942) using an indirect ELISA (LSIVET ruminant milk/serum Q fever, LSI). The 
true animal level and herd level seroprevalence for N. caninum was estimated at 3.5% (95% CI: 2.7-4.4) and 
62.5% (95% CI: 59.4-65.5), respectively, with no differences in seroprevalence between production types 
or according to age. For MAP, a true animal and herd seroprevalence of 2.2% (95% CI: 1.7-2.9) and 21.6% 
(95% CI: 19.0-24.3), respectively, was found. The animal seroprevalence for MAP was slightly higher in 
dairy than beef herds. The true animal and herd seroprevalence for Q fever was estimated at 13.3% (95% 
CI: 12.3-14.6) and 55.1% (95% CI: 51.9-58.3%), respectively. The number of Q fever positive animals 
increased with age and the animal seroprevalence was higher in dairy and mixed herds than in beef herds. 
This survey demonstrates that C. burnetii and N. caninum are widespread in Belgian cattle and confirms 
that MAP is still endemic in Belgium.
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Identification of factors at the farm, sow and piglet level associated with the colostrum intake per 
kg piglet
Declerck, I.J.L., Dewulf, J., Piepers, S., De Kruif, A. and Maes, D., Faculty of veterinary medicine – 
University Ghent, reproduction, obstetrics, herd health, Belgium; jeroen.dewulf@ugent.be

Over the last decade, the litter size of sows has substantially increased. This has resulted in a lower birth 
weight, more variation in birth weight, more stillborn piglets and higher mortality in suckling piglets. As 
a consequence, sufficient colostrum and milk intake of each single piglet has become a critical issue. This 
study aimed at identifying factors associated with colostrum intake per kg piglet. Ten randomly selected 
sows per farm and their offspring from five conveniently selected farms were included in the study. Several 
farm, sow and piglet factors, potentially associated with colostrum intake per kg piglet were recorded. A 
linear mixed regression model with farm and sow within a farm as random effects was fit (PROC MIXED, 
SAS 9.3). Additionally, the contribution of the three different levels to the total variance of colostrum intake 
per kg piglet was determined. The average colostrum intake per kg piglet during first day of life was 324 
gram with a range between 0 and 1554 gram. Most variation in colostrum intake per kg piglet resided at 
the piglet level (63%). Almost 16% and 21% of the variation occurred at sow and farm level respectively. 
Parturition duration, birth weight and birth rank were all negatively associated with colostrum intake per 
kg piglet with a P-value of less than 0.05, 0.001, 0.01, respectively. The average kg colostrum intake per 
piglet tended to be higher in small litter sizes than in large ones (P=0.06).The average kg colostrum intake 
per kg piglet also strongly depended on the sow breed (P<0.001). Interestingly, all variation in colostrum 
intake at farm level was explained by the sow breed.

Distribution of Hämophilus parasuis serotypes in several regions of Austria
Sattler, T.1, Fischer, L.2, Reisp, K.3, Grünberger, B.4 and Schmoll, F.3,4, 1University Leipzig, Large Animal 
Clinic for Internal Medicine, Germany, 2LaboVet GmbH, Vienna, Austria, 3AGES, Institute for Veterinary 
Disease Control, Austria, 4University of Veterinary Medicine Vienna, Institute for Veterinary Public Health, 
Austria; tasat@vetmed.uni-leipzig.de

Haemophilus parasuis is known as the etiologic agent of Glässer’s disease in swine. High morbidity and 
mortality can occur in naive swine populations. H. parasuis can also be isolated from the upper respiratory 
tract of healthy pigs. 15 different serotypes are known. Although there is no absolute correlation between 
serotype and virulence, serotypes 1, 5, 10, 12, 13 and 14 are said to be the most virulent. Therefore, the 
differentiation between the different serotypes can help to improve the control of disease. Aim of the study 
was to find out which serotypes of H. parasuis are common in pig farms in different regions of Austria. 
A total of 391 serum samples from 146 pig farms in Styria (36 farms), Upper Austria (57 farms), Lower 
Austria (40 farms), Vorarlberg (7 farms), Burgenland (2 farms), Carinthia (3 farms) and Salzburg (1 farm) 
were tested with a screening ELISA (Ingenasa) for antibodies against H. parasuis. Positive samples were 
serotyped by indirect haemagglutination test. Antibodies against H. parasuis were detected in 176 samples 
from 74 farms (Styria 33 farms, Upper Austria 29 farms, Lower Austria 10 farms, Vorarlberg 1 farm and 
Burgenland 1 farm). Serotyping was done in 170 samples. Up to four different serotypes could be found 
per sample and up to five per farm. Most common serotypes were serotype 9 (65%) – found in all tested 
parts of Austria, followed by serotype 13 (22%), 14 (12%) and 3 (10%). 13 samples (8%) were non-typable. 
In Austria, the most common serotypes of H. parasuis seem to be 9, 13 and 14. In most farms are two or 
more serotypes detectable. This should be taken into consideration for interpretation of laboratory results 
and in therapy and immunoprophylaxis.
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Impact of lameness in dairy cows in the visits to an automatic milking system: a case control study
Miguel-Pacheco, G., Kaler, J. and Huxley, J., University of Nottingham, School of Veterinary Science and 
Medicine, United Kingdom; svxgm@nottingham.ac.uk

There is a tendency worldwide for the automation of farms; this involves the introduction of automatic 
milking systems (AMS). It is known that half of the dairy population per year in the UK suffer of lameness 
and it has been recognised it as a painful condition. Affected cows show behavioural signs of being ill and 
in pain such as reduction in mobility, therefore feeding is reduced and attendance to the AMS can also 
be compromised; these factors potentially affect not only animal welfare, but also farm economy. The 
aim of our study is to identify the impact of lameness in the milking behaviour and it was conducted as a 
case-control study. Thirty eight pairs of Holstein-Friesian cows were used in the study, these were selected 
using a matching criterion that include mobility score, parity, days in milk (DIM) and milk production, and 
block by pen. Animals had free access to the AMS and feed; feed was provided at 6:00, 8:30, 10:00, 12:00, 
14:00, 17:00 and 20:00 hours. Data collected included number of visits in the last 24 hours and time of the 
visit. Descriptive analysis and logistic regression modelling were performed. Preliminary results show a 
significant difference in milking visits between the control and case cows, with a tendency for the control 
cows to visit the robot more frequently than the case animals (P=0.01). Differences between control and 
case cows at each time period were explored. The study suggests that lame cows have reduced attendance 
to visit the AMS and that therefore it may have an impact on animal welfare and farm economics.

Bovine tuberculosis in cattle in South Germany between 2007 and 2010
Sauter-Louis, C.M.1, Steber, U.1, Vidoni, A.2, Hammer, M.3 and Decker, T.2, 1Clinic for Ruminants with 
Ambulatory and Herd Health Services, Centre for Clinical Veterinary Medicine, Ludwig-Maximillians-
University, Munich, Germany, 2Bavarian Institute for Health and Food Safety, Oberschleissheim, Germany, 
3Bavarian State office for Veterinary and Consumer Protection, Augsburg, Germany; c.s@lmu.de

Bovine tuberculosis has been eradicated in Germany during the 50s and 60s. Since 1997 Germany is 
recognized as free of bovine tuberculosis. However, from 2000 onwards increasing numbers of animals 
were found to be infected with tuberculosis during routine slaughter examinations (up to 12 cases in 2007). 
Therefore, a project was started to test all adult cattle in one part of South Germany between 2007 and 
2010, using the intradermal tuberculin skin test. The results of these tests have been collected and stored 
in a central database. Analysis of the results revealed that nearly 200,000 animals were tested, of which 
160 reacted positive in the first skin test. Of these 92 tested negative in the comparative tuberculin test. In 
total 960 animals tested doubtful in the skin test and were tested again with the comparative test. Of these 
16 were positive in the comparative test and 56 also doubtful in the comparative test. Most animals were 
between four and six years of age. The study also tried to identify summer pasture locations where several 
cattle were grazed together by looking at the lifetime history of each positive animal, which is stored in the 
national cattle database (HI-Tier).
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Prevalence and correlates of influenza-a in piggery workers and pigs in two communities in Lagos, 
Nigeria
Awosanya, A.E.J.1, Ogundipe, G.A.T.1, Babalobi, O.O.1 and Omilabu, S.A.2, 1University of Ibadan, 
1Department of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine, Nigeria, 
2University of Lagos, Department of Medical Microbiology and Parasitology, College of Medicine, Nigeria; 
emmafisayo@yahoo.com

Worldwide, three Influenza-A virus subtypes (H1N1, H1N2 and H3N2) in swine are major public health 
issues. In Nigeria, the existence of these subtypes in pigs has not been well studied. This study aimed at 
determining the prevalence and correlates of Influenza-A viruses circulating in piggery workers and pigs 
in Oke-aro and Goshen communities in Lagos, Nigeria. Nasal swabs were taken from 197 consenting 
piggery workers and 281 randomly selected pigs to determine the prevalence of Influenza-A (H1, H3, 
H5) using Reverse Transcriptase Polymerase Chain Reaction test (gene M). An interviewer administered 
questionnaire was used to collect information on demography, Influenza-A related symptoms experienced, 
personal hygiene and management practices from the piggery workers. Descriptive statistics was used and 
chi square test performed at 5% significant level. All piggery workers and pigs’ nasal swabs tested negative 
for Influenza-A viruses, hence, association could not be tested. Mean age of piggery workers was 41±13.6 
years and 60% were females. Forty two percent were farm attendants, 38.0% were pig farmers and the rest 
butchers. Nineteen percent had history of headache; 14.0% had catarrh and cough; 4.0% had sore-throat; 
5.0% had diarrhea; while 48.0% had muscle pain at the time of data collection. The mean body temperature 
for the pig workers was 36.5±0.5 °C. A significant difference (P<0.05) existed among piggery workers who 
had muscle pains. Piggery workers and pigs in study area were free of Influenza-A (H1, H3, H5) viruses. 
The current practices of the piggery workers should be encouraged.

Test accuracy at different cut-offs when plasma concentrations of metabolic indicators are used to 
detect decreased fertility in dairy cows
Lomander, H.1, Gustafsson, H.1,2, Svensson, C.3, Ingvartsen, K.L.4 and Frössling, J.1,5, 1Swedish University 
of Agricultural Sciences, Sweden, 2Swedish Dairy Association, Sweden, 3Växa Sverige, Regional Livestock 
Association, Sweden, 4Aarhus University, Denmark, 5National Veterinary Institute, Sweden; 
jenny.frossling@slu.se

Negative energy balance is a known risk factor for decreased fertility in dairy cows. This study evaluates the 
accuracy of measuring plasma concentrations of two indicators of negative energy balance, non esterified 
fatty acids (NEFA) and β-hyrdroxy buturate (BHBA), when they are used to predict decreased fertility. For 
496 cows in 12 Swedish dairy herds plasma samples were taken 0-21 days in milk and data on breed, parity, 
calving date, gynecological examinations, and inseminations were collected. The diagnostic sensitivity 
(Se) and specificity (Sp) at different cut-offs in concentrations of NEFA and BHBA were calculated and 
compared to each cow’s fertility status, measured as anestrous (ANEST) and delayed first AI (DFAI). 
Positive and negative predictive values (PV+; PV-) were calculated considering different levels of decreased 
fertility. Strata-specific Se and Sp and associations between test results and fertility parameters were 
investigated using logistic regression. For this analysis, cut-offs with Sp ~80% was used because a high Sp 
was considered of interest. This corresponded to a NEFA-cutoff at 400 µeqv./ml (Se≤0.44) and a BHBA-
cut-off at 1.8 mM (Se≤0.32). Sp was generally higher when the test was used in heifers compared to older 
cows. With a prevalence of ANEST of 28% PV+ were 0.25 and PV- nearly 0.90. With a DFAI prevalence 
of 35%, PV+ were <0.38 and PV- nearly 0.90. The results indicate that overall test performance is low 
when metabolic indicators measured 0-21 days in milk are used to predict decreased fertility in dairy cows. 
However, the accuracy and the usefulness of the tests could be influenced by cow-level factors as well as 
the prevalence of decreased fertility.
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Patterns of change in flock Salmonella prevalence in broiler production and processing
Wills, R.W.1, Volkova, V.V.2, Byrd, J.A.3, Hataway, K.L.1 and Bailey, R.H.1, 1Mississippi State University, 
College of Veterinary Medicine, USA, 2Cornell University, College of Veterinary Medicine, USA, 3USDA 
ARS, SPARC, USA; wills@cvm.msstate.edu

The objective of the study was to assess patterns of Salmonella prevalence within broiler flocks as they 
progressed through the production continuum. Presence of Salmonella was evaluated in 76 broiler flocks from 
38 farms in four states in the southeastern United States. Salmonella flock status was determined by sampling 
a flock upon arrival at the grow-out farm (30 transport tray pads (D1TP) and a gastrointestinal tract (D1GI) 
sample from a chick from each of the corresponding trays); one-week before processing (whole carcass 
rinse (GOWC), ceca (GOCA) and crop (GOCP) samples from each of 30 birds); upon arrival at processing 
plant (PAWC, PACA and PACP samples from each of 30 birds); prior to the chill tank (rinses (PPPR) from 
30 carcasses); and post-chill tank (rinses (PPPO) from 30 carcasses). The median flock prevalence varied 
across sample types and points: D1TP(56.7%), D1GI(0.0%), GOWC(13.3%), GOCA(3.3%), GOCP(0.0%), 
PAWC(53.3%), PACA(10.0%), PACP(11.7%), PPPR(33.3%), and PPPO(13.3%). The direction and 
magnitude of changes in prevalence between various sample types and points within each flock were 
determined. While slightly less than half of the flocks had increased prevalences from grow-out to plant 
arrival for ceca samples, over 70% of the flocks had increased prevalences from grow-out to plant arrival 
for crop samples and whole carcass rinses. The prevalence of Salmonella decreased from PPPR to PPPO for 
the majority of the flocks (78.1%). The results of the study provide insight on where to focus interventions 
to facilitate the control of Salmonella in the broiler production continuum.

Risk assessment for the introduction of PRRS via boar semen into Switzerland
Nathues, C.1, Zimmerli, U.2, Hauser, R.2, Schwermer, H.2 and Schüpbach-Regula, G.1, 1Veterinary Public 
Health Institute, Vetsuisse Faculty, University of Berne, Switzerland, 2Federal Veterinary Office, Switzerland; 
christina.nathues@vetsuisse.unibe.ch

Switzerland, in contrast to other countries, has sustained its pig population free of porcine reproductive and 
respiratory syndrome virus (PRRSV). No pigs are imported for breeding, but the amount of boar semen 
imported from EU-countries has substantially increased during the past years. In 2010, the total of more 
than 24,000 doses originated from five boar studs in Germany, France and Austria. This poses a risk of 
introducing PRRSV into Switzerland, since transmission via boar semen is one of the known infection routes. 
In order to estimate the risk of PRRSV introduction into Switzerland via boar semen, a risk assessment was 
initiated. It included analyzing records on all trans-border shipments of semen available in the TRACES-
database. Current import procedures were surveyed in interviews with importing breeding companies and 
exporting boar studs. Biosecurity measures and monitoring systems certifying the PRRSV status in each 
boar stud and basic data on sow holdings inseminating with imported semen were documented. Further 
specific information, such as the infectivity of the virus, etc., was drawn from literature search and expert 
opinions. This feeds into a release assessment estimating the likelihood of an imported semen dose to 
contain PRRSV, and an exposure assessment that describes the likelihood of Swiss pig herds to be exposed 
to PRRSV, using @RISK for a stochastic approach. First results of the release assessment are in line with 
current knowledge on the spread of PRRSV in pig populations. The risk of PRRSV ‘import’ rises with the 
number of imported semen doses per boar stud. They further suggest that testing intervals and techniques 
of ruling out acute PRRSV infections in boar studs have a considerable impact on the risk. Final results will 
contribute to the development of science-based guidelines for future imports of boar semen into Switzerland.
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Ecological niche for the establishment of Oestrus ovis L. (Diptera:Oestridae) in Cuba
Matos, V.1, Fonseca, O.2, Ferrer, E.2, Martin, J.1, Elias, A.3, Rodriguez, J.2 and Alfonso, P.2, 1Centro de 
Desarrollo de la Montaña, Cuba, 2Centro Nacional de Sanidad Agropecuaria, Cuba, 3Instituto de Medicina 
Veterinaria, Cuba; ferrer@censa.edu.cu

Oestrus ovis was ever reported in Cuba before 1995 when emerge in the Guantánamo province, coinciding 
one of the hottest places of the entire country. Guantánamo relief influences three consistently different 
weather conditions useful to identify ecological niche for the establishment of O. ovis. To identify the 
environmental and climatic variables affecting the distribution of O. ovis geographic point data of oestrosis 
outbreaks were interpolated with layers of: sheep population density, altitude above sea level, mean of 
humidity, mean of minimum temperature and climate types according to the TorthWhite classification. 
According to Pearson correlation, the outbreak density was no related to susceptible animal density 
nor humidity or altitude above sea level. However X2 test demonstrated that arid and semi-arid areas 
concentrated a significant higher proportion of oestrosis outbreaks. Oestrosis outbreaks mostly coincided 
(70%) with these types of weather, indicating that its optimal breeding conditions are present in import areas 
of the territory, as well its importance for fighting against the parasite. The main climatic characteristics of 
the semi-arid areas in Guantánamo did not differ from those internationally recognized for semi-arid areas 
of the world. Dry lands were characterized by their dry weather to very dry, and irregular, with herbaceous 
or shrub and rarely tree vegetation, which is unevenly distributed and offers very little ground cover. The 
temperature was the climatic variable that better explain outbreaks distribution with an adjusted coefficient 
of determination of R>88.63. According to projected climate change O. ovis could become endemic in new 
areas. The currently oestrosis distribution suggests emphasized fighting again its causal agent before its 
establishment in new areas.

Association between an index of internal herd growth and welfare indicators
Jansson Mörk, M.1,2, Hegrestad, A.-L.2 and Gustafsson, H.1,2, 1Swedish University of Agricultural Sciences, 
Sweden, 2Swedish Dairy Association, Sweden; marie.mork@svenskmjolk.se

The objective of this study was to evaluate the association between herd-level welfare indicators and an 
index of short-term internal herd growth, two tools available to Swedish farmers enrolled in the official 
milk recording scheme to give an overview of their herd. The index is based on number of inseminations, 
calvings and heifer calves, number of dead calves, heifers and cows and number of culled cows. The index 
is calculated per month and, hence, gives an overview of the short-term efficiency in the herd. The welfare 
indicators are measures of mortality, morbidity and fertility which have been shown to be associated with 
animal-based welfare measures or production economy. Herds with a continuously high efficiency (CHE) 
were among the 25% with highest index for at least 4 month and had no month among the 25% with lowest 
index during 2011 (351 herds). Herds with a continuously low efficiency (HLE) had at least 4 month among 
the 25% with lowest index and maximum one month among the 25% with highest index (724 herds). The 
difference between CHE- and CLE-herds was evaluated using Kruskal-Wallis equality-of-populations rank 
test. The CHE-herds had lower calf and cow mortalities and lower culling rates which was expected since 
number of deaths and culling are included in the index. More interestingly, CHE-herds also had lower 
proportion of heifers >17 months of age at first breeding, lower proportion of cows with a calving to first 
insemination interval >70 days, lower age at first calving and a shorter calving interval. Also, the estimated 
bulk milk SCC was lower in CHE-herds. CLE-herds had lower disease incidences and lower proportion 
of cows with a calving to last insemination interval >120 days. In conclusion, CHE-herds also had better 
values in most welfare indicators, including those associated to farm profitability, which demonstrate the 
importance of having control over all aspects of the production.
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Diagnostic performance of clinical observations of young lamb welfare
Phythian, C.J.1, Toft, N.2, Cripps, P.J.1, Michalopoulou, E.1, Clarkson, M.J.1, Jones, P.H.1, Winter, A.C.1 and 
Duncan, J.S.1, 1University of Liverpool, Epidemiology and Population Health, United Kingdom, 2University 
of Copenhagen, Life Sciences, Denmark; sheep-vet@bristol.ac.uk

The objective of this study was to develop valid, reliable and feasible indicators for the on-farm welfare 
assessment of young lambs (aged≤6 weeks). A literature review and consensus of expert opinion identified 
a diverse number of on-farm welfare concerns for young lambs (n=53) including starvation, hypothermia, 
and the presence of conditions such as lameness and ocular abnormalities. Consequently, 4 non-invasive 
welfare indicators: demeanour, lameness, body condition and eye condition were assessed according to the 
behaviour and physical appearance of individual lambs. Indicator assessments were performed by 2 trained 
veterinary surgeons (A and C) and 2 trained animal-science students (B and D) on 966 young lambs from 
17 farms. Inter-observer reliability was examined using Fleiss’s κ and graphical distributions of observer 
scoring differences. Latent Class Analysis (LCA) estimated the diagnostic sensitivity (Se) and specificity 
(Sp) of each observer and predicted the test performance of unknown, random observers who may perform 
indicator assessments in the future. Demeanour assessments produced a κ 0.55, Se of 0.75-0.85 and Sp 
0.98-1.00. Eye condition assessments were also consistent (κ 0.72, Se 0.86-0.89, Sp≥0.99). Lameness 
assessments achieved a κ 0.68, Se≥0.7 and Sp 1.00. Body condition produced κ 0.71 and observers A, B 
and D achieved higher test performance (Se≥0.80, Sp≥0.99) than observer C (Se 0.38, Sp 0.98). Overall, 
few scoring disagreements occurred and future observers were predicted to have good diagnostic ability 
for all indicators (Se≥0.76, Sp≥0.98). Results suggest that demeanour, lameness, body condition and eye 
condition appear to be valid, reliable and feasible indicators of young lamb welfare that could be included 
in on-farm assessments applied by trained assessors.

ELISA test as a strategy to detect infected dairy herds with Johne’s disease in Uruguay
Suanes, A.1,2, Gil, A.2,3, Nuñez, A.1,2 and Piaggio, J.3, 1Ministry of Agriculture and Livestock, Veterinary 
Laboratory Services (DILAVE), Uruguay, 2Universidad de la Republica, Faculty of Veterinary. Montevideo, 
Uruguay, Pathobiology, Infectious Disease, Uruguay, 3Ministry of Agriculture and Livestock, Institute of 
Epidemiology, Uruguay

Mycobacterium avium subsp. paratuberculosis (Map) is the etiologic agent of Johne’s disease (JD), which 
occurs worldwide, affecting many domestic and wild animals including cattle, sheep, and many other 
ruminants. In 2002 Piaggio J. and Nuñez A (2006) studied the prevalence and risk factors associated to 
it in Uruguay. In 2008 Nuñez found a seroprevalence lower than 7% at the animal’s level. Many control 
programs recommended for detecting infected herds, testing animals with serological tests, especially 
ELISA test in serum and / or milk. However, the ELISA for Map has the disadvantage of low sensitivity 
in animals shedding low concentration of Map in their feces. Authors’ has reported the sensitivity of fecal 
culture test in the range of 23-29% in animals in early stages of infection and 70-74% in advanced stages of 
disease. The aim of this study was to evaluate the indirect ELISA as strategies to detect infected dairy herds 
in Uruguay. We select 9 herds with previews history of Johne’s disease. Forth hundred fifty one samples 
were process by fecal sample (Herrold with and without mycobactin) and ELISA IDEXX Lab (HerdChek 
Map). Statistical Software (Stata Corporation) was used to determine the sensitivity, specificity of ELISA 
tests and herd prevalence with a 95% IC. The fecal sample detects 4 of the nine infected herds. The ELISA 
test detect 7 of the nine infected herds. The sensitivity (Se) and specificity (Sp) of the ELISA was calculated 
respect fecal culture which was considered the ‘gold standard test’. The Se was 16, 6% and the Sp was 
97.0%. The herd sensitivity for the ELISA test was 77.78%.
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Capacity building and training program in animal health in Peru
Hernandez, J.A., Frigm, G. and Halze, G., University of Florida, College of Veterinary Medicine, USA; 
hernandezja@ufl.edu

US Agency of International Development and US Department of Agriculture entered into a 3-year 
Participating Agency Service Agreement (PASA) in support of the US-Peru Trade Promotion Agreement 
that went into effect in 2009. This agreement fosters commerce between the 2 countries through the 
liberalization of trade in goods and services. Activities implemented under the PASA agreement address 
sanitary and phytosanitary issues that result in technical barriers to trade of agricultural products. The 
PASA supports the development and implementation of sector-specific programming in the areas of animal 
health, plant health, food safety, education and research. The University of Florida (UF) is collaborating 
with USDA Foreign Agricultural Services and the Peruvian Ministry of Agriculture’s National Agricultural 
Health Service (SENASA) by providing technical expertise and training in targeted areas of the animal 
health system in Peru. The main objective is to enhance SENASA’s surveillance systems for, and response 
to, priority diseases of economic importance to animal agriculture. To accomplish this objective, this 
project considers (a) delivery of workshops in the areas of: (1) epidemiology and health policy; (2) trans-
boundary diseases; (3) laboratory biosafety and biosecurity; and (b) delivery of a mentoring program in 
epidemiology and health policy to SENASA veterinarians. In each workshop, participants complete a pre 
and post evaluation instrument to assess learning objectives. In the mentoring program, each participant 
is given a project assignment that requires the use of epidemiologic methods to generate scientific data as 
the basis for formulation of health policy. The participant is assigned a mentor who provides guidance and 
assistance. The project is expected to produce results, conclusions, and recommendations to animal health 
policy makers on the need (yes, no) to update or implement new uniform methods and rules for disease 
control and eradication in animal populations in Peru. Project outputs and outcomes will be presented at 
the Symposium.

Efficiency of different on-farm biosecurity measures in Switzerland
Magkouras, I.1, Kuster, K.1, Cousin, M.2, Jemmi, T.3 and Schüpbach-Regula, G.1, 1Institute of Veterinary 
Public Health, Vetsuisse Faculty, Bern, Switzerland, 2Institute for Environmental Decisions, ETH, Zurich, 
Switzerland, 3Swiss Federal Veterinary Office, Bern, Switzerland; ioannis.magkouras@vetsuisse.unibe.ch

On-farm biosecurity is a collective term for all measures implemented on farms to reduce the risk of 
introduction and spread of infectious agents. The European Union currently discusses the replacement of 
the existing system (a combination of national and on-farm biosecurity measures) for maintaining a good 
animal health status, by an on-farm biosecurity concept only. This will be a challenge for Switzerland, as 
the currently very high standard of animal health is mainly achieved through national measures such as 
import restrictions. Thus, this project aims to assess the efficiency of various on-farm biosecurity measures 
in Swiss livestock. Due to sparse scientific data on the efficiency of individual biosecurity measures, the 
required knowledge will be extracted by means of an expert elicitation using a modified Delphi method. 
Through one-on-one interviews, Swiss and international experts will be asked to give their opinion on the 
effectiveness and importance of various biosecurity measures. Following the completion of all interviews, 
experts will be given the opportunity to reevaluate their answers as compared to the response of the group. 
Based on these results, a model will be created, allowing us to estimate the degree of protection following 
the implementation of biosecurity measures. Through a risk assessment for selected diseases we intend to 
evaluate the probability of disease introduction under different combinations of biosecurity measures. These 
results will be used to elaborate recommendations for biosecurity measures that can be implemented under 
Swiss animal husbandry conditions, while ensuring a good health status of livestock.
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Factors influencing On-Farm-Biosecurity measures: steps towards On-Farm-Biosecurity management
Wilke, T., Düsseldorf, S. and Petersen, B., University of Bonn, Institute of Animal Science, Germany; 
tilman.wilke@uni-bonn.de

In veterinary science it is a basic assumption that farms with high level of biosecurity contribute less to the 
spread of contagious animal diseases and to zoonotic pathogen load in the food chain. Within the last decade 
the terms ‘Biosecurity’ and ‘On-Farm-Biosecurity’ became more and more popular. On-Farm-Biosecurity 
is regarded as an essential part of concepts like compartmentalization or food defense and it is explicitly 
named in the third pillar of the EU animal health strategy. In contrast, there is not yet a commonly accepted 
definition of the term On-Farm-Biosecurity for science, veterinary administration and farming practice. 
And most concepts of On-Farm-Biosecurity miss soft factors like compliance, feasibility, necessity of 
special skills ad necessity of coordination. As part of a general trend towards evidence based policy and 
towards private food safety management systems livestock policy makers, researchers and private actors 
of the food chain need concepts to assess and evaluate On-Farm-Biosecurity measures. Hence, our study 
had two research aim: First, to find a definition of the term On-Farm-Biosecurity and second to elaborate 
on factors that mainly influence the applicability and feasibility of On-Farm-Biosecurity measures. Within 
the framework of the cross-border research project SAFEGUARD we conducted desk research, expert 
elicitation and on-farm surveys on that topic. The main outcome of our study is a proposal for a definition of 
On-Farm-Biosecurity that can be used by scientists, veterinary authorities and private actors within the food 
chain and a model explaining the main factors influencing On-Farm-Biosecurity measures. As an outlook, 
our results might be a first step towards a strategy of On-Farm-Biosecurity management.

Evidence-based veterinary medicine survey of veterinarians in the United Kingdom
Brennan, M.L., Massey, A.D., Robinson, N.J. and Dean, R.S., Centre for Evidence-based Veterinary 
Medicine, The University of Nottingham, United Kingdom; marnie.brennan@nottingham.ac.uk

Finding relevant evidence, critically appraising it, and using it to help make decisions about patients is a 
key part of practising evidence-based veterinary medicine (EVM). Currently little is known about what 
veterinarians perceive EVM to be, or what published or online resources they use. Additionally, little is 
known about what conditions are commonly seen in veterinary practice, which could further assist in 
identifying relevant areas for researchers. Therefore the aim of this study was to conduct a survey of UK 
veterinarians to determine the awareness of EVM and to identify where veterinarians obtain information 
relating to veterinary issues. Additionally, the aim was to establish which species and conditions/diseases 
are commonly nominated as being seen by veterinary practitioners. All veterinarians registered with the 
Royal College of Veterinary Surgeons (n=14,531) were invited to participate in the survey via a postal 
questionnaire. Participants were given the option of completing the questionnaire online or on paper. 
Approximately 35% of vets (n=5,053) completed the questionnaire. Most respondents (69%) were practicing 
veterinarians. A large proportion of respondents had heard of EVM (87%), and the majority were interested 
in finding out more about it (66%). Veterinarians read the Veterinary Times (15%), and accessed Google 
(15%) most frequently from a list of resources. Dogs were the most common species nominated (26%), and 
skin problems were the most commonly cited for all species (24%). An awareness of the resources used 
by veterinarians could assist in determining how best to inform practitioners of research findings relevant 
to the common species and conditions they see. This is an important step towards facilitating the further 
practise of EVM within the veterinary profession.
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Risk factors for African swine fever and the effect of biosecurity
Fasina, F.O.1,2, Agbaje, M.3, Ajani, F.L.O.3, Thompson, P.N.2 and Bastos, A.D.S.1, 1University of Pretoria, 
Zoology and Entomology, South Africa, 2University of Pretoria, Production Animal Studies, South Africa, 
3University of Agriculture, Abeokuta, College of Veterinary Medicine, Nigeria; daydupe2003@yahoo.co.uk

ASF is economically devastating for the pig industry. Data on risks of ASF are lacking from West Africa. 
Evaluation of risk factors supporting infection of pig farms in this region remains the key to the development 
of a risk-based approach to the epidemiology of ASF and control. In Nigeria, perpetual infections of certain 
localities with intermittent infection of contiguous areas makes it an ideal setting for a matched case-control 
study for risk factors and biosecurity practices in pig farms. Subsets of farms located in high-density-high-
risk pig areas for ASF infection were randomly selected for this analysis. Although, routine purchase and 
introduction of untested pigs, infected neighbourhood, keeping of other livestock, presence of abattoir/
slaughter slab within pig communities, indiscriminate disposal of visceral content of slaughtered pigs, 
entrance of wild birds into pig pens, and free access to feed store by rats were all associated risk factors, 
only the presence of abattoir within a pig farming community and the presence of an infected pig farm in 
the neighborhood were significant. There was a marginally significant negative association (protective) 
between risk of ASF infection and sharing of farm tools and equipment. Of the 28 biosecurity measures 
evaluated, food and water control, separation of sick pigs and washing and disinfection of farm equipment 
and tools were negatively associated (protective) with ASF infection. Consultation and visits of veterinarian 
or paraveterinarians when animals were sick, and pest and rodent control were positively associated with 
ASF infection of farms in Nigeria. Region-based approach to control ASF in addition to farm-based 
biosecurity is important as such an approach will benefit ASF control and cover other infectious diseases 
in Nigeria and West Africa.

The epidemiological characterization of the surroundings of a pork compartment in Chile and its 
uses in front of an exotic disease event
Rojas, H.1, Montecino, D.1, Binelli, P.1, García, M.2, Gasión, T.2 and Mena, G.2, 1CERES BCA, Chile, 
2Agrosuper company, Chile; hernan.rojas@ceresbca.cl

Recently the first pork compartment in Chile, based on OIE standards, was approved. This includes Foot 
and Mouth Disease, Classical Swine Fever, African Swine Fever, and Aujesky´s Disease, all of them exotic 
for the country. High standard risk management, including bio-security and surveillance, has been applied 
for all the possible introduction routes of those diseases to the compartment if the country faces an exotic 
disease event outside of it. The knowledge and management of physical or spatial factors that could affect 
the compartment bio-security is one of the key elements to successfully overcome the management of a 
sanitary emergency. The herds, wildlife, pests, and routes of the compartment surrounding based on different 
administrative zones, were carefully identified and epidemiologically characterized. Herd information 
was generated through direct visits and semi-structured interviews: location, distance to compartment 
site, number of animals and species, health practices, origin of inputs and destiny of outputs, movements, 
slaughtering and official surveillance results were included. Wildlife species and habitats and other free-
movement animals were also characterized. Risk herds, wildlife and pests were qualified according the threat 
they represent to the compartment, assuming the presence of an exotic diseases in any of the administrative 
zones defined. The results of this epidemiological characterization were used for the construction of the 
private and official contingency plans to be applied in case of an exotic disease event. This product involves 
target surveillance of herds, wildlife sites and compartment units, movement restriction, and the activation 
of an official preventive zoning to strengthen bio-security.
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Patterns of contacts in the network of pig movement in the Philippines
Alawneh, J.I.1, Barnes, T.S.1, Parkes, C.1, Lapuz, E.2, Dazo, K.3, Villar, E.4 and Blackall, P.J.1, 1University 
of Qeensland, Australia, 2Dept Agriculture, Region III, Philippines, 3BAI, Philippines, 4PCAARRD-DOST, 
Los Banos, Philippines; j.alawneh@uq.edu.au

The aim of this study was to describe the traceability system used in the Philippines for slaughtered pigs 
using social network analysis. The following information were collected prior to finisher pigs arrival 
for slaughter: 1) date of slaughter; 2) livestock trader name, address and contact details; 3) livestock 
transporter name, address and contact details; 4) animal source farm details; 5) date of purchase; and 6) 
number of pigs bought and intended for slaughter. Records of movement events between pig farms, traders, 
and slaughterhouses allowed us to construct a network of named contacts. The following parameters 
were calculated for each node of the network: 1) edge weight 2) out-degree; 3) out-degree centralization; 
and 4) betweenness centrality. The farm to slaughterhouse network consists of different types of farms 
(commercial, n=84; backyard n=56) together with specific links between them and their traders (n=169) and 
slaughterhouses (n=22). Of the total possible number of ties in this network (n=109,230) 412 were actually 
present. The proportion of possible ties that were present was 0.004, indicative of a network of relatively low 
density. The out-degree centralisation index for this network was 0.02, indicating a low organisation of off-
farm and off-trader movement of pigs around main focal nodes. Modification of an existing slaughterhouse 
information system was effective in allowing the development of a system that could trace back slaughtered 
animals to source farms and thus allow the construction of a network of animal movement. The network 
structure for node-to-node movement of pigs was characterised by a very small number of network hubs that 
were influential in movement of pigs through this network. Identifying those nodes is of great importance 
for controlled animal movement programmes.

African swine fever in the Russian Federation: geo-spatial analysis and evaluation of the economic 
impact
Dudnikov, S.A., Korennoy, F.I., Gulenkin, V.M. and Petrova, O.N., Federal Center for Animal Health (FGBI 
ARRIAH), The Center of Information and Analysis, Russian Federation; korennoy@arriah.ru

African swine fever (ASF) is a viral disease of domestic and wild pigs which leads to almost total mortality 
among the affected animals. Due to the absence of the vaccine the only measure to prevent spread of the 
disease is total slaughter of livestock population in the focus of infection and depopulation within the risk 
zone. The necessary measure is restriction of transportation and trading of animals and pork products. More 
than 280 ASF outbreaks have been reported from private holdings, large pig-breeding farms and in wild boars 
population in the territory of the Russian Federation since 2007. The analysis of spatial distribution of ASF 
cases performed by means of GIS-technologies demonstrates a correlation between the disease spread and 
direction of primary transportation links, domestic swine population density and human population density. 
This allows us to make a conclusion about predominately anthropogenic nature of the virus transmission by 
transportation and trade of live animals and contaminated agricultural products. MaxEnt software modeling 
with regard to detected risk factors allowed us to create a risk map which indicates the probability of 
emergence and spread of the disease in different regions of the European part of the country. The evaluation 
of economic losses caused by ASF in 2010-2011 was performed using the methodology adopted by the OIE 
considering both direct impact to livestock sector (costs of animal slaughter in the focus of infection and 
depopulation in the risk zone, losses of processing industry, indemnity payments to owners) and indirect 
losses associated with transportation and touristic restrictions, feed and grain trading bans, etc. According 
to experts’ opinion the total economic damage was 2271 million Rubles (about 57 million Euros) in 2010.
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Effect of influenza A(H1N1)pdm09 virus on live weight of Duroc boars during growth phase (100-
140 days)
Er, J.C.1, Hofmo, P.O.2, Grøntvedt, C.A.3, Forberg, H.1, Wetten, M.2,3, Framstad, T.1,3 and Lium, B.1, 
1Norwegian Veterinary Institute, Norway, 2Norwegian Pig Breeders Association, Norway, 3Norwegian 
School of Veterinary Science, Norway; chiek.er@vetinst.no

This study presents the impact of influenza A(H1N1)pdm09 virus infection has on Duroc boars during 
the growth phase between 100 and 140 days of age at a boar testing station. Data are obtained from an 
outbreak investigation at a boar testing station after clinical signs were reported in early April 2011. The 
station receives young boars (70-85 days old) and monitors their performance including daily feed intake 
and daily weight. Cohorts of 72 boars are kept in groups of 12 in 6 equal sized pens (14.0 m2) in the same 
room for an average of 72 days until they reach a bodyweight of 100 kg. Serological and virological tests 
were performed on 375 boars from all 16 rooms on 8 occasions from April to July 2011. A synopsis of 
the results is presented based on results from one room where 18 boars (8 were Duroc boars) were tested 
positive on 14 April 2011. A control group of a previous cohort of 23 Duroc boars that occupied the same 
room admitted in November 2010 was selected. Surveillance results confirmed that the station was not 
infected at that time. The growth curves of the average means of live weights of the two groups (infected 
vs uninfected) were compared. Student t-test was used to test significance in the differences between the 
two group means of the live weights. The growth curves of uninfected and infected pigs appear to diverge 
just before 100 days of age. This coincides with the detection of A(H1N1)pdm09 virus infection in the 
8 Duroc boars on 14 April 2011. Even though the divergence in the growth curves indicated a possible 
negative impact of A(H1N1)pdm09 virus has on the growth rates of the Duroc boars, the one-tail t tests on 
group mean differences did not show consistently that the negative impact on live weight of Duroc boars 
were significant at the 95% confidence level.

Salmonella infection in pigs: case-control study
Méroc, E.1, Strubbe, M.2, Czaplicki, G.3, Veermersch, K.4, Hooyberghs, J.4 and Vanderstede, Y.1, 1CODA-
CERVA, Unit for Co-ordination of Veterinary Diagnostics-Epidemiology and Risk Assessement, Belgium, 
2Dierengezondheidszorg Vlaanderen (DGZ), Belgium, 3Association Régionale de Santé et d’Identification 
Animales (ARSIA), Belgium, 4Federal Agency for the Safety of the Food Chain (FASFC),, Belgium; 
estelle.meroc@coda-cerva.be

In 2007, a national Salmonella surveillance and control program was implemented in Belgian fattening pigs. 
Its purpose is to sensitize the farmers starting by identifying the farms with the highest levels of Salmonella-
specific antibodies (high risk farms). The high risk farms are required to take part in a Salmonella specific 
action plan (SSAP) which consists of a checklist and control measures designated to reduce the risk of 
Salmonella infection. The checklist foreseen in the SSAP was a great opportunity to perform a case-control 
study on a number of explanatory variables and identify critical on-farm risk factors for being a Salmonella 
high risk farm in Belgium. The checklist consisted of about 70 questions and was submitted to both case 
and control farms. Risk factors were analysed individually and simultaneously using a multivariable 
logistic regression model. The results of the logistic regression showed an association between the physical 
form of feed (OR=0.22 (0.1-0.48) for flour versus pelleted) and the risk of Salmonella infection. Frequent 
concomitant respiratory diseases (OR=3.95 (1.85-8.44)) and bird proof housing (OR=4.37(2.68-7.11)) were 
identified as risk factors. The study demonstrated that the disinfection of boots (OR=0.46 (0.28-0.76)) and the 
separation of poor-doers (OR=0.33 (0.19-0.56)) were significant protective factors. A negative association 
was found between the size of the herd and the risk of Salmonella infection (OR=0.99(0.99-0.99). This 
study identified mainly type of feed, hygiene, and the control of concomitant diseases especially respiratory 
diseases as on-farm risk factors and therefore acting on those parameters may help control Salmonella on 
the farm.
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The development of a pork compartment in Chile
Rojas, H.1, Binelli, P.1, Garcia, M.2, Gasion, T.2, Mena, G.2 and Montecino, D.1, 1CERES BCA Biosecurity 
and Food Quality Services, Animal Health Management, Chile, 2AGROSUPER Company, Animal Health 
Unit, Chile; hernan.rojas@ceresbca.cl

Chile is one of the main pork export country in the world, based on high productivity and quality 
performance plus an extraordinary national animal health status. In order to offer a new sanitary guaranty 
to main import markets, a first compartment of pork, as OIE terrestrial code stated, has been developed 
by the main agribusiness company in Chile. The objective of this preventive compartment is to maintain 
regularity in exportation of pork products if an exotic disease event occurred in any other part of the country. 
The compartment is an integrated unit of 50,000 sows located in Atacama region in the north of Chile, 
representing the biggest pork farm in the nation. This includes local port, feed plant, reproduction, grow 
and fattening sites, and processing plant. Four diseases were included: Food and mouth disease, Aujeszky´s 
disease, Classical swine fever and African swine fever. The epidemiological independence of the animal 
sub-population of the compartment and the rest of the national territory, were demonstrated based on OIE 
standards. Qualitative risk introduction and dissemination assessment were carried out to identify animal 
health issues to be managed by the company. An epidemiological characterization of the compartment 
surroundings was overcome to facilitate risk assessment. The risk management measures required, based 
on risk assessment findings, was identified in the company protocols already implemented. It was checked 
that bio-security, traceability, surveillance and contingency plan components were documented and applied 
as OIE guided, otherwise new measures were created. Main management measures were defined as critical 
control point (CCP) for private and official auditing and management purposes. The compartment was 
approved by the veterinary service according to the new official legislation and complementary it has been 
supported by OIE.

Outbreak investigation of progressive atrophic rhinitis in an SPF pig population
Nathues, C.1, Estermann, A.2, Prohaska, S.3, Huber, H.3, Zimmermann, W.4 and Schüpbach-Regula, G.1, 
1Veterinary Public Health Institute, Vetsuisse Faculty, University of Bern, Switzerland, 2Pig Health Service, 
Switzerland, 3Institute of Veterinary Bacteriology, Vetsuisse Faculty, University of Zurich, Switzerland, 
4Swine Clinic, Vetsuisse Faculty, University of Bern, Switzerland; christina.nathues@vetsuisse.unibe.ch

Progressive atrophic rhinitis (PAR) in pigs is caused by an infection with strains of capsule type A or D 
Pasteurella multocida. These are able to produce a dermonecrotic toxin encoded by the toxA gene. This 
induces necrosis and atrophy of the conchae resulting in deformity of the upper jaw. Suffering pigs have 
a reduced productivity. In Switzerland this disease was not observed in herds monitored by the Swiss Pig 
Health Service (90% of Swiss breeding herds) in recent years. Disease freedom is monitored by annual 
examination of 10 nasal swabs per herd in multiplying herds, cultural and by toxA-PCR. In August 2011, 
an outbreak of PAR was detected on a multiplying farm. A tracing back and forward was initiated focusing 
on (1) source of the pathogen on the index herd; and (2) spread of the disease via gilts sold during latency 
period. In 38 herds that had received gilts from the index herd since beginning of 2010, 20 nasal swabs 
were obtained for examination in culture and PCR. 17 herds were tested positive. Analysing the trading 
history revealed the most likely time period for infection of case 0 to be between August and November 
2010. During this time and the preceding years, no animals had been introduced into this herd. The most 
likely sources were introduction from neighbouring fattening farms or by a seasonal worker from a country 
with endemic PAR infection who might have been a carrier of toxigenic P. multocida. Fattening farms in 
Switzerland are not free from infection; a transmission via vectors (cats, dogs, foxes, etc.) seems possible. 
The 3 closest fattening herds were tested negative during investigation but this does not surprise considering 
the time since infection and their all-in-all-out stocking system.
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Scottish sheep movements and their potential for disease transmission
Trewby, H.1, Orton, R.1, Besssell, P.2, Boden, L.1, Waugh, E.1 and Kao, R.1, 1University of Glasgow, Boyd Orr 
Centre for Population and Ecosystem Health, United Kingdom, 2University of Edinburgh, Roslin Institute, 
United Kingdom; h.trewby.1@research.gla.ac.uk

Animal movements play a major role in the spread of livestock diseases. Identifying and targeting farms 
that are pivotal to the network of livestock movements would act to curb disease transmission. In addition, 
if it were possible to integrate the control of livestock infections such that a single control measure could 
target multiple diseases, the result would be an economical and efficient way to ease the burden of farm 
animal disease. Different diseases spread via different mechanisms, and therefore different types of contact 
are important in their spread. Thus the relevant movement network underlying the spread of one disease 
between farms may be very different from that involved in the spread of another. Here, we describe work 
to assess the possibility of targeting a subset of Scottish hill sheep farms that are ‘important’ in terms of 
the types of movements involved in both a rapidly-transmitting and a slowly-transmitting sheep disease. 
Importance is calculated as the product of the movements on to the farm (proportional to the probability 
of becoming infected) and the movements off the farm (proportional to the probability of spreading that 
infection). All movements could potentially spread a rapidly-transmitting disease, whereas only movements 
resulting in long residence times would be relevant to a slowly-transmitting disease. Farms important in 
terms of both types of movements were identified. Disease simulations were then used to assess the effect 
that removing this one subset of farms could have on reducing the spread of both rapidly-transmitting and 
slowly-transmitting diseases. This work raises the possibility that targeting controls at a single group of 
sheep farms may enable the holistic control of multiple infectious diseases within the national flock.

Anthelmintic resistance in Ontario sheep flocks
Falzon, L.C.1, Shakya, K.2, Menzies, P.I.1, Jones Bitton, A.1, Vanleeuwen, J.3, Jansen, J.T.4, Avula, J.2 and 
Peregrine, A.S.2, 1University of Guelph, Dept of Population Medicine, Canada, 2University of Guelph, Dept 
of Pathobiology, Canada, 3University of Prince Edward Island, Dept of Population Medicine, Canada, 
4OMAFRA, Veterinary Science and Policy, Canada; lfalzon@uoguelph.ca

Anthelmintic resistance (AR) has been reported in all major sheep-raising areas in the world, yet little is 
known about the AR status in Canada. This study was conducted to determine the frequency of AR for 
gastrointestinal nematodes (GIN) in Ontario sheep flocks. Forty-seven sheep flocks were enrolled in the 
study, and their level of GIN parasitism was monitored monthly by analyzing owner-acquired fecal samples 
from 15 grazing lambs per flock. When the average GIN fecal egg count (FEC) reached a threshold of 
200 eggs/g, Ivomec™ was supplied to producers for the purpose of performing a drench check, and the 
reduction in average FEC 14 days after ivermectin treatment was calculated. ‘Drench failure’ was defined 
as a reduction in average FEC of ≤95%. In those flocks with drench failure, researchers performed a 
FEC reduction test (FECRT), enrolling 15 lambs in each of four treatment groups: control, ivermectin, 
fenbendazole and levamisole. The reduction in average FEC post-treatment for each treatment group was 
calculated using arithmetic means, and AR was defined as a reduction in average FEC of <95% and a lower 
CI<90%. Approximately 85% (40/47) of farms reached the FEC threshold and subsequently performed an 
ivermectin drench check; 87.5% (35/40) of these farms had drench failure. FECRT was performed on 29 
of the 35 farms. Ivermectin, fenbendazole and levamisole resistance was demonstrated on 93% (27/29), 
100% (20/20) and 6% (1/17) of the farms tested, respectively. Geometric means, Bayesian analysis and 
regression techniques are being examined as alternative methods of AR identification. On these 29 tested 
farms, fenbendazole and ivermectin AR were common. Therefore, veterinarians and sheep producers should 
exercise judicious use of anthelmintics and incorporate alternative strategies of GIN control.
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Diagnostic tools to monitor udder health in dairy goats
Koop, G., Nielen, M. and Van Werven, T., Utrecht University, Department of Farm Animal health, 
Netherlands; g.koop@uu.nl

Disease monitoring is important to diagnose problems in health status of individual animals or an entire 
herd. To assess the udder health status of dairy animals, somatic cell count (SCC) and bacteriological culture 
(BC) are important diagnostic tools. This paper presents an overview of the practical application of these two 
tools in dairy goats and goat herds. In multiple recently published papers, we studied diagnostic aspects of 
SCC and BC in dairy goats. Bulk milk SCC and BC of bulk milk were studied in a large number of Dutch 
dairy goat herds. Seasonal fluctuations in SCC were studied over a three years period, and associations with 
risk factors were identified. At goat level, SCC and BC were studied in a longitudinal study, comprising 
about 500 goats in 5 herds, and test characteristics of SCC and BC were estimated using latent class models. 
These studies showed that SCC as well as BC are valuable tools for assessment of the udder health status 
of an individual goat and of a herd. However, both tests should be interpreted with caution. We observed a 
strong effect of stage of lactation and an effect of extended lactations on SCC. Therefore, the most optimal 
timing of SCC measurement in goats appeared to be around peak lactation and the interpretation of the 
results should account for the number of extended lactations. At goat-level, an SCC of >1.5×106 cells/ml 
was indicative of Staphylococcus aureus infection. Bacterial culture of milk samples of individual goats 
was shown to be a specific, but insensitive test, which hampers its use as a confirmatory test of high SCC 
animals. BC of the bulk milk had low repeatability, but bulk milk SCC was positively related to the count 
of staphylococci. We will present practical guidelines to utilize and interpret these diagnostic tools at goat 
and herd level, taking into account the goat specific epidemiological background.

Actualization of strategies for national project on pest des petits ruminants control in Liberia
Olugasa, B.O.1 and Anderson, J.R.N.2, 1University of Ibadan, Ibadan, Department of Veterinary Public 
Health and Preventive Medicine, Nigeria, 2Ministry of Agriculture, Department of Technical Services 
(Animal Health Section), Liberia; bolugasa@yahoo.com

Under the African Union (AU) Vaccines for the Control of Neglected Animal Diseases in Africa (VACNADA) 
programme, the Republic of Liberia instituted a nationwide mass vaccination project against Pest des Petits 
Ruminants (PPR), a killer disease of small ruminants that is enzootic in West Africa. An estimated 80% 
of sheep and goats population in the country was targeted for primary vaccination and booster in 2011 to 
attain antibody level above threshold immunity against PPR. Serological evaluation of sheep and goats’ 
response to mass vaccination against PPR was subsequently carried out at the Central Veterinary Laboratory, 
Fendal, Liberia as part of the VACNADA-Liberia 2011 project. The aim was to evaluate outcome of the 
nationwide vaccination exercise and conduct real-time hands on training of Laboratory Technicians in the 
evaluation of mass vaccination exercises in-country. This paper presents the epidemiological strategies 
and achievements of the project. The authors present developments in the infrastructure for veterinary 
services in Liberia, with emphases on field epidemiology and technical manpower capacity development 
in the use of c-ELISA test in monitoring seroconversion among vaccinated animals. This project has made 
significant impact on reducing morbidity and mortality losses associated with PPR outbreaks in sheep and 
goats in the county. The 2011 mass vaccination against Pest des Petits Ruminants was mainly supported 
by the European Union and has contributed significantly to national capacity building for improving food 
security and animal health in Liberia.
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Sharp decline in scrapie prevalence in The Netherlands after breeding for resistance: are we close 
to achieving eradication?
Hagenaars, T.J.1, Melchior, M.B.1, Windig, J.J.2, Bossers, A.1 and Van Zijderveld, F.G.1, 1Central Veterinary 
Institute of Wageningen UR, Netherlands, 2Animal Breeding and Genomics Centre, Livestock Research 
Wageningen UR, Netherlands; thomas.hagenaars@wur.nl

In the Netherlands an ambitious programme to control scrapie in sheep was started in 1998, based on genetic 
selection of animals for breeding. From 2002 onwards EU regulations required intensive active scrapie 
surveillance as well as certain control measures in affected flocks. Here we use standard statistical methods 
as well as mathematical modelling to analyse: (1) data on genotype frequencies and scrapie prevalence 
in the Dutch sheep population obtained from both surveillance and affected flocks; (2) data on genotype 
frequencies in a random sample of flocks; and (3) postal survey results on between-flock differences in 
breeding strategy and flock management. Analysing the data (1) we find that the breeding programme has 
produced a steady increase in the level of genetic scrapie resistance in the Dutch sheep population. We 
also find that a few years later this was followed by a sharp decline in the prevalence of classical scrapie in 
tested animals. Notably, the estimated classical scrapie prevalence level per head of susceptible genotype 
declined significantly as well. This indicates that selective breeding has a disproportionate effect on infection 
prevalence, reminiscent of the well-known population effect of vaccination against a transmissible disease. 
The overall recent decline in classical scrapie prevalence in Dutch sheep suggests that eradication of the 
disease in The Netherlands may be within reach. However, a subset of farms may still continue to act as a 
core group for scrapie transmission for some time, as we show by analyzing between-flock heterogeneities 
using the data (2) and (3). In addition, genetic resistance levels may decline again in future as participation 
to the selective breeding programme has recently become voluntary.

Monitoring of endemic goat’s diseases using farms’ health assessments done by private veterinarians
Ehrhardt, N., Mercier, P., Paraud, C., Baudry, C. and Vialard, J., French Agency for Food, Environmental 
and Occupational Health & Safety, Niort Laboratory, France; nicolas.ehrhardt@anses.fr

As part of a dairy goat’s disease surveillance network developing in Poitou-Charentes, France, veterinarians 
are participating to the monitoring of priority diseases at the regional scale. Since 2007, every farmer has to 
implement every year a health assessment of his herd with a veterinarian in order to be allowed to treat his 
animals on his own against specific diseases, respecting a precise protocol. In 2011, the health assessments 
done by seven practitioners in 144 dairy goat farms were used to identify and describe the priority diseases of 
each farm. The data standardization was made possible thanks to the conception of a specific form including 
a user-guide and 61 diseases case-definitions. Priority diseases identified in three age groups (pre-weaning, 
replacement herd and adults) were described by the main symptom observed, the main etiology suspected 
or confirmed, the estimates of the disease morbidity and mortality rates, the age class concerned and some 
free comments of the veterinarians. Annual mortality and culling rates were also recorded, as well as farms’ 
characteristics (feeding, annual milk production…). The first results obtained have proven the functionality 
of this surveillance system. Actually, the results from 3 veterinarians, who provided more than 20 forms, 
show similar frequencies of priority diseases. Practitioners specialized in goats medicine consider that these 
first results are consistent with their own beliefs. Besides, most veterinarians recognize the simplicity and 
rapidity of the form filling. Despite the subjectivity of veterinarians in their choice of the farms priority 
diseases and the lack of precision of some results, this tool turns out to be adapted for the identification of 
priority diseases using veterinarians’ expertise. Adaptations of this system are still required to encompass 
a larger number of veterinarians and maintain their participation on the long run.
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Infectious diseases and survival of Ethiopian village chickens
Bettridge, J.1,2, Lynch, S.1,2, Melese, K.3, Dessie, T.1, Wigley, P.2 and Christley, R.2, 1International Livestock 
Research Institute, Ethiopia, 2University of Liverpool, United Kingdom, 3Ethiopian Agricultural Research 
Institute, Ethiopia; judybett@liv.ac.uk

The majority of chicken production in Ethiopia is in backyard flocks, where they are important to the 
livelihoods of rural smallholders, who identify infectious disease as a major production constraint. Epidemics 
during the rainy season are usually assumed to be Newcastle disease; however information on pathogens 
responsible or risk factors for infection is limited. We sampled 400 birds in the Ethiopian highlands before 
the rainy season, using stratified random sampling at 4 levels (Household, Village, Market shed and 
Region). Plasma and faecal samples were collected and birds were examined for ectoparasites. After the 
rainy season, farmers were re-interviewed to determine the fate of sampled birds. Plasma was tested for 
antibodies to Newcastle disease, Marek’s disease, infectious bursal disease and Salmonella enterica O9 
serotypes; all were prevalent in both regions. The most prevalent enteric parasites were Eimeria and ascarids. 
The most common ectoparasites were Cnemidocoptes mutans (scaly-leg mite) and lice. At follow-up, 202 
survivors were identified (50.5%). Owners reported one in five birds had died of disease, and described 
various symptoms. Differences between regions and villages were evident, both in the amount of disease, 
and the degree of clustering at household level. Birds reported to have died of disease were compared to 
survivors, using mixed-effects models. Univariable analysis suggests a strong effect of region; other risk 
factors, including previous infections, may also be important. Multivariable analyses are underway to 
investigate these factors further. In conclusion, multiple diseases may be of importance in village chickens 
in Ethiopia, with differences at regional and more local levels in patterns of disease occurrence. Improving 
surveillance through increasing the use of diagnostic facilities is important to develop control strategies 
tailored to local needs.

Impact of farm management and premises on studies intending to develop housing systems for laying 
hens
Eiffler, D., Koesters, S., Ruddat, I., Kreienbrock, L. and Campe, A., University of Veterinary Medicine 
Hannover, Department of Biometry, Epidemiology and Information Processing, Germany; 
amely.campe@tiho-hannover.de

As farm management is a comprehensive issue innumerous hen environing factors have to be considered 
when intending to improve the housing conditions. Embedded within a network project on laying hens in 
german enriched colony housing systems this study was to assess the differences between onsite production 
conditions for laying hens in similar housing systems. Five experimental field stations were compared as 
conditions there were considered most similar and controllable. Questionnaire data was analysed performing 
hierarchical agglomerative cluster analyses for an overall dataset and different contextual subsets. A high 
degree of heterogeneity between the field stations was detected, which varied between different contextual 
subsets. In the contextual subset light, only the field stations FS 2 and FS 4 were similar according to the 
chosen criteria of similarity. In the subset climate the field stations FS 1 and FS 5 showed similarity. In the 
contextual subsets facility structure, nutrition, health/hygiene and workforce, the field stations FS 3 and FS 
5 displayed similarity according to the preassigned criteria. The system itself hardly influenced the cluster 
structure, whereas the superordinate hierarchical levels, hen house and facility in general, had the strongest 
influence on cluster structures. The description of distance and similarity in general as well as within the 
contextual subsets provides a basis for analysis and interpretation of our network project’s results. Analyses 
of specific influences on the welfare and health of laying hens should always consider the not investigated 
however significant influences from the contextual subset of farm management and farm premises related 
to the study question.
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The efficiency of wire nets as a means of enhancing the biosecurity of poultry in Brazil
Haddad, J.P.A., Martins, N.R.S., Nicolino, R.R., Andery, D.A., Vilela, D.A.R. and Vianna, G.R., escola de 
veterinaria UFMG, Department of Preventive and Veterinary Medicine, Brazil; rafa_uenf@hotmail.com

The aim of this study was to evaluate the efficiency of wire nets of different mesh sizes as a means to 
enhance biosecurity of the poultry industry in Brazil by preventing other bird species from entering chicken 
houses. The Brazilian poultry industry is technically advanced and employs updated technology. A recent 
agricultural Act, Normative Instruction (IN) No. 59, recommends 25.40 mm mesh. However, scientific 
proof regarding the efficiency of this measure is lacking. In this study, a bird biometric methodology was 
developed for evaluating bird species. The methodology was based on a few body dimensions, and it used 
a new statistical design for analysis of the data. Three groups of bird species were formed according to a 
criterion of importance. The value of this criterion was estimated in terms of the ability of birds to pass 
through the net. The paradigm was used to study 23 wild avian species naturally occurring in Brazil. The 
best results were observed for nets with mesh ≤19.11 mm. This mesh size was efficient for restraining all 
species studied. However, the net mesh (25.40 mm) recommended by Act IN No. 59 could not restrain 
some of the bird species examined and was therefore considered inefficient as a means of ensuring the 
biosecurity of poultry houses.

Social network analyses of Bali live bird markets
Lockhart, C.1, Schoonman, L.2 and Azar, M.3, 1FAO, EMPRES/GLEWS, Italy, 2FAO, ECTAD, Jakarta, 
Indonesia, 3Ministry of Agriculture, Directorate General of Livestock and Animal Health Services, 
Indonesia; caryl.lockhart@fao.org

This paper presents the results of a survey of live-bird markets in Bali during September 2010, analysed 
using Social network analyses. The objective of the study was to describe contact structures within the live-
bird marketing system across Bali to identify important sources and destinations of live-birds as a means to 
identify areas at higher risk of HPAI incursion or transmission. Within markets, vendors, drivers and market 
authorities were interviewed. Eighty-four out of 86 (response rate of 97.6%) officially listed live bird markets 
were visited. The study identified a number of districts as important sources of live birds at markets during 
the study period. These districts should therefore be targeted as part of a surveillance/prevention programme 
for poultry diseases. Contact were made across all districts in Bali, implying a potential for rapid disease 
or information spread through markets across the island. A small number of markets in four districts had 
relatively high betweeness scores indicating their role in controlling the flow of live-birds across Bali. The 
movement of birds to markets did not appear to have a seasonal influence which may be a reflection of the 
large number of festivals which occur throughout the year in Bali. A number of markets were identified as 
riskier in terms of their potential role in the spread of disease based on a number of criteria. To better identify 
risky markets it may be necessary to have a group of experts from Bali rank each market in terms of risk. 
This then would provide a more informed categorization of market risk for disease transmission or spread.
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What promotes the circulation of HPAI H5N1 in Indonesia: a descriptive analysis of a network of 
moving duck farmers, rice paddy owners, duck transporters and hatcheries
Henning, J.1, Priyono, W.2, Yulianto, D.2 and Meers, J.1, 1University of Queensland, Australia, 2Disease 
Investigation Centre Wates, Indonesia; j.henning@uq.edu.au

Ducks can harbour HPAI H5N1 virus, thereby promoting its spread in the field. HPAI H5N1 endemicity 
in Indonesia is likely associated with the high density of ducks in that country. Consequently previous 
investigations focussed on identifying hazards related to the management of duck flocks by their owners, 
but various other occupations are also associated with duck production. For example, moving duck flock 
farmers are part of a network that also comprises rice paddy owners who provide paddies for scavenging, 
duck transporters who move ducks to and from scavenging locations and hatcheries which purchase eggs 
and sell ducklings to the farmers. Therefore, in 2009 we conducted cross-sectional surveys and interviewed 
total of 121 rice paddy owners, 30 transporters and 75 hatchery owners in Indonesia. We used descriptive 
statistics, descriptive social network analysis and descriptive spatial analysis to identify interrelationships 
of members of this network, movement patterns of duck flocks and bio-security factors possibly influencing 
the dissemination of HPAI virus. For example, the number and frequency of duck flocks allowed scavenging 
per paddy and the disposal practices of carcasses found by rice field owners were identified as important 
risk factors for HPAI spread. Furthermore, the cost-reducing practice of combining flocks from different 
farms or the mixture of duck flocks with other poultry types and poultry feed during transport as well as 
a lack of disinfection in both, transport vehicles and hatcheries, presented further high-risk management 
practices. The complexity of the duck production network was further highlighted in the identified spatial 
travel patterns of moving duck flocks. Based on our results, we highlight recommendations for HPAI control 
that go beyond the management of ducks on farms and also consider other members of the community 
involved in duck production.

Risk factors for Campylobacter infection in Danish broiler production
Chowdhury, S.1,2, Sandberg, M.3, Themudo, G.E.2 and Ersbøll, A.K.2, 1Chittagong Veterinary and Animal 
Sciences University, Chittagong-4202, Department of Pathology and Parasitology, Bangladesh, 2University 
of Southern Denmark, Øster Farimagsgade 5A, 2, DK-1, National Institute of Public Health, Denmark, 
3The Danish Agriculture and Food Council, Axelborg, Axeltorv 3, 1609 Copenhagen, Food Safety and 
Veterinary Issues, Denmark; msa@lf.dk

Data from the Quality Assurance system in Danish Broiler Production (KIK system) were analysed to 
identify within farm biosecurity and management related risk factors for Campylobacter infection in Danish 
broiler flocks. In the study, data from 2835 flocks originating from 187 farms reared from December 2009 
to November 2010 were included. The PCR test results of fecal samples collected on socks revealed that 
14% of the Danish broiler flocks were positive for Campylobacter during the study period. Fifty five percent 
of the flocks were positive during the summer, and related to areas where clustering of infected farms was 
identified in previous conducted studies. The median number of people working in, or with an access for 
entering, broiler houses was 2 (from 1 to 7). For 311 flocks (12%), the previous flock in the house had a 
positive status. Median slaughter age of the birds was 35 days (from 31 to 61 days). A multivariable logistic 
regression model with a random effect of farm was performed. The analysis revealed a higher risk for 
positive infection status during summer time: OR=13.30, (95% CI: 6.56-26.90) and a higher risk if more 
than one person had access to the house: OR=2.16, (95% CI: 1.25-3.72). Furthermore, a higher risk was seen 
if the test result for the previous flock from the same house was positive: OR=1.67, (95% CI: 1.10-2.52) 
and if the average slaughter age of the birds was more than 35 days: OR=1.50, (95% CI: 1.07-2.09). The 
continuous variable ‘establishment year of the house’ was found significantly associated with the infection 
status of the flock with a P=0.02 and an OR=0.98, (95% CI: 0.97-0.99).
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Epidemiological investigations of bovine enzootic haematuria in Bhutan
Sharma, B.1, Stevenson, M.A.2, Rinzin, K.3, Hidano, A.2 and Dahal, N.3, 1Regional Livestock Development 
Centre, Tshimasham, Chukha, Bhutan, 2EpiCentre, IVABS, Massey University, Private Bag 11-222, 
Palmerston North, New Zealand, 3National Centre for Animal Health, P.O. Box 155 Serbithang, Thimphu, 
Bhutan; M.Stevenson@massey.ac.nz

A chronic, debilitating disease of grazed cattle known as bovine enzootic haematuria (BEH), characterised 
by either continuous or intermittent passage of red urine was formally recognised in Bhutan in the early 
1990s however it is likely that the condition has been present in the country well before that time. Given that 
bracken fern (Pteridium reuolutum) grows in abundance in most areas of the country and the consistency of 
the clinical signs and post mortem findings from cases with literature reports of bracken fern toxicity, it can 
be assumed that bracken fern toxicity is the primary cause of BEH in the Bhutanese cattle population. In 
September 2011 the authors of this paper took part in an intensive one-month project to develop a strategy 
to minimise the impact of BEH on the health and productivity of Bhutanese cattle. Two field studies 
designed to better understand the epidemiological features of BEH in the Bhutanese context were the key 
recommendations from the strategy development project. The first was a cross-sectional survey to determine 
the demographic features of the cattle population, with an outcome being an estimate of the total years of 
productive life lost attributable to BEH. The second was a case-control study to identify risk factors for 
BEH operating at: (1) the individual cow; (2) the household; and (3) environmental level. In February 2012 
field work commenced to collect data for the cross-sectional and case-control studies. This talk will discuss 
aspects of the design and implementation of the two studies in particular issues related to case definition, 
selection of controls for the case-control study and sample size considerations that needed to be taken into 
account when the prevalence of exposure was expected to be relatively high.

Online survey of health prophylaxis and management practices on Swiss dairy farms
Gordon, P.1, Kohler, S.2, Van Den Borne, B.1, Reist, M.1 and Doherr, M.G.1, 1Veterinary Public Health 
Institute, Vetsuisse Faculty, University of Bern, Switzerland, 2Swiss College of Agriculture, Zollikofen, 
Switzerland; marcus.doherr@vetsuisse.unibe.ch

Health prophylaxis and management practices play a major role in the success of dairy herd health programs. 
Many prophylactic measures have been described and advised, however, there is little data available on 
how these or other measures are valued and implemented in the field. The aims of this study were to gather 
information regarding the most important and frequently used dairy farm prophylactic measures, and to 
identify links between such measures and certain disease outcomes. A trilingual online questionnaire was 
designed that contained 75 questions divided into 5 sections (general farm management, feeding practices, 
reproductive management, udder health and demographic information). The questionnaire was sent by 
email in March 2011 to a stratified random sample of 2,285 Swiss dairy farmers, of which more than 50% 
responded. Management practices varied considerably between dairy farms; 51% used homeopathy, 57% 
herbal medicine, 50% prophylactic antihelminthic treatments, 93% antimicrobial dry-cow treatments, 
77% post-milking teat disinfection, 55% propylenglycol supplements before or after calving, 88% calcium 
supplements at calving and 79% magnesium supplements. Herd size, regional variation and barn type played 
an important role in the implementation of different prophylactic measures. Currently, negative binomial 
regression models are being used to identify factors associated with (1) incidence of clinical mastitis; and 
(2) monthly somatic cell counts >200,000 cells/ml for tie-stalls and free-stalls separately. These results will 
be presented during the conference.
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Effect of different dry period lengths on milk production in subsequent lactation
Steeneveld, W.1, Schukken, Y.H.2, Van Knegsel, A.3 and Hogeveen, H.1,4, 1Wageningen University, Business 
Economics Group, Netherlands, 2Cornell University, USA, 3Wageningen University, Adaptation Physiology 
Group, Netherlands, 4Utrecht University, Netherlands; wilma.steeneveld@wur.nl

In recent years, growing interest has developed toward a shorter dry period (DP) as a management strategy 
which could be more appropriate for today’s high-producing dairy cows. Several options exist in applying 
this management strategy, like complete omission of the DP for all cows in the herd, or cow-specific DP 
lengths. The aim of this study is to determine the effect of both DP management strategies on subsequent 
milk production. In the Netherlands, five commercial farms started in the beginning of 2011 with a complete 
omission of the DP for all cows. From these herds, information on 333 cows (1,514 monthly test-day records) 
was available. Test days of the year before applying complete omission of the DP are used as control (386 
cows, 2,126 test days). Six other commercial farms decide, based on milk yield and somatic cell count, for 
each individual cow for no DP (59 cows, 246 test days), a short DP (<30 days) (77 cows, 555 test days) or 
a conventional DP (>30 days) (209 cows, 1,386 test days). A non-linear regression model incorporating an 
autoregressive covariance structure accounting for repeated test-day yields within cow was developed to 
estimate the daily yield (milk, fat and protein) of all cows. For day 1 till 300 d of lactation, average daily 
milk yield was significantly lower for cows without a DP (23.0 kg) compared with control cows (29.7 kg). 
On farms with cow-specific DP lengths, daily milk yields were 25.3, 29.4 and 32.2 kg (P <0.05) for the 
three DP length groups. Research is ongoing to study precalving milk yields and effects of different DP 
strategies on milk yield during subsequent lactations.

Mastitis control in Swedish dairy herds
Nielsen, C. and Emanuelson, U., Swedish University of Agricultural Sciences, Clinical Sciences, Sweden; 
christel.nielsen@slu.se

Mastitis remains a major issue in dairy production despite research efforts and control programs. The aim 
of this study was to investigate the degree to which recommended control practices are being implemented. 
Data on herd characteristics and applied preventive measures were collected through a postal questionnaire, 
and 428 usable answers were obtained (response rate 48%). Cleaning of stalls at least 2 times daily and 
replacement of teatcup liners according to recommendations were performed in over 90% of the herds. In 
more than 80% of the herds, cows were treated with a postmilking teat disinfectant and feeding plans were 
continuously gone through and revised. Herds with tiestalls grouped lactating cows according to udder health 
status twice as often as herds with freestalls and milking parlour (70% and 35%, respectively). Herds with 
automatic milking systems rarely considered udder health status when grouping their lactating cows (7%). 
Very few herds (7%) grouped dry cows according to udder health status. Half of the herds allowed cows to 
calve in single pens that were cleaned between animals, this was however implemented in only 27% of the 
tiestall herds. A milking order based on udder health status was applied in over 80% of the tiestall herds, 
whereas two thirds of the herds with freestalls and milking parlour and almost all of the herds with automatic 
milking systems ignored the udder health status of cows during milkings. Freestall herds with milking 
parlour more frequently used milkers’ gloves, washed dirty udders with water, stimulated hardmilking cows 
manually, and rinsed clusters with warm water after milking cows with clinical mastitis or high somatic 
cell count as compared with tiestall herds. It was concluded that advisors must emphasize the importance 
of grouping of cows according to udder health status and calving hygiene. Furthermore, special attention 
should be paid to tiestall herds and herds with automatic milking systems where the implementation rates 
are lower than in freestall herds with milking parlour.
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Are treatment decisions regarding mild clinical mastitis in dairy cows influenced by farmer and herd 
characteristics?
Wolff, C.1, Lindberg, A.2, Egenvall, A.1 and Emanuelson, U.1, 1Swedish University of Agricultural Sciences, 
Department of Clinical Sciences, Sweden, 2National Veterinary Institute, Sweden; cecilia.wolff@slu.se

In the Nordic countries, i.e. Denmark, Finland, Norway and Sweden, the legal requirement is that a cow has 
to be examined by a veterinarian before antibiotics can be prescribed. Consequently the farmer’s perceived 
needs for antibiotic treatment of the cow with mastitis will affect whether a veterinarian is contacted or not. 
As disease recording is based on veterinary registrations, the incidence of treated and recorded mastitis cases 
is influenced by the behaviour of the farmer when detecting a case of mild clinical mastitis (MCM). Nordic 
dairy farmers have previously been shown to differ regarding this behaviour. The study used a questionnaire 
based on the Theory of Planned Behaviour (TPB). According to TPB a person’s behavioural intention is a 
proxy for the actual behaviour and is decided by three psychological constructs; attitude, subjective norm 
and perceived behavioural control of the behaviour. It was shown that the behavioural intention to contact 
a veterinarian for a visit to the herd the same day as detecting a case of MCM was significantly lower in 
Sweden compared to the other Nordic countries. It was further demonstrated that several demographic 
parameters, e.g. the milking system and the farmer’s own rating of the mastitis incidence in the herd, were 
associated with the farmers’ behavioural intention to contact a veterinarian. It was also found that in all 
four Nordic countries, the attitude of the farmers was the most influential predictor of behavioural intention 
in the TPB model. Therefore, the objective of the present study was to further explore how the attitudes 
to mild clinical mastitis are influenced by the farmer and herd characteristics. This study will include the 
responses from the Swedish farmers (n=199, 52% of distributed questionnaires). Results from linear model 
analyses of the associations will be presented.

Risk factors for Staphylococcus aureus in bulk tank milk samples from Swiss dairy herds
Berchtold, B.1, Bodmer, M.1, Reist, M.2, Van Den Borne, B.2, Boss, R.3, Graber, H.3 and Wohlfender, F.2, 
1Ruminant Clinic, Vetsuisse Faculty University Bern, Switzerland, 2Veterinary Public Health INstitute, 
Vetsuisse Faculty University Bern, Switzerland, 3Agroscope Liebefeld-Posieux, Research Station ALP, 
Switzerland; franziska.wohlfender@vetsuisse.unibe.ch

Mastitis is a frequent problem in Swiss dairy herds and it has a significant economic impact. One of the 
main pathogens causing subclinical and clinical mastitis is Staphylococcus aureus. The aim of this study 
was to identify risk factors for the presence of S. aureus in bulk tank milk (BTM) samples from Swiss dairy 
herds. One hundred herds with a theoretical BTM somatic cell count between 200,000 and 300,000 cells/ml 
in 2010 were recruited and visited once during milking time in 2011. A standardized protocol investigating 
farm specific data, milking equipment, milking routine and hygiene was filled out. A sample of BTM was 
taken and tested by quantitative PCR for the presence of the S. aureus-specific nuc gene. This resulted in 
a S. aureus-prevalence of 48% (farms with single-visit positive bulk milk samples). Multivariable logistic 
regression models are currently being developed to identify risk factors for presence of S. aureus in BTM 
samples. This is the first study identifying risk factors for S. aureus in BTM from a nation-wide sample 
of mastitis problem herds. Detection of risk factors will help defining possible intervention strategies to 
improve udder health in S. aureus positive herds.
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Evaluation of udder health based on real-time PCR on bulk tank milk
Bennedsgaard, T.W.1 and Katholm, J.2, 1Aarhus University, Department of Animal Sciences, Denmark, 
2Knowledge Centre for Agriculture, Cattle, Denmark; torbenw.bennedsgaard@agrsci.dk

Since 2009 bulk tank milk from all Danish dairy herds has been tested once per year by a single bulk tank 
milk sample using a real-time PCR kit (PathoProof Mastitis PCR Assay, Thermo Fisher Scientific, Vantaa, 
Finland). To evaluate the variation over time of the PCR results 30 herds which had previously tested 
positive with low Ct values (strong reaction) for Staphylococcus aureus or Streptococcus agalactiae were 
sampled repeatedly once per month in 12 months, once per milk delivery for one month (typically every 
second day) and within that month all cows in the herds were sampled once on the same day. Sampling was 
finished in December 2011. Results from all Danish herds sampled in both 2009, 2010 and 2011 (n=3,828) 
was also available for analysis of variation between years. The presentations will evaluate the variation 
in PCR results over time (year, month, day) and discuss the value of single samples compared to repeated 
sampling. Furthermore the relation between bulk tank PCR and herd prevalence of different major mastitis 
pathogens will be discussed.

Relationships between milk urea and somatic cell counts using a large database
Raboisson, D.1,2, Sans, P.2, Maigne, E.1 and Cahuzac, E.1, 1INRA, US ODR, France, 2INP-ENVT, France; 
d.raboisson@envt.fr

Relationships between high nitrogen diets and somatic cell counts (SCC) are ambiguous. A positive 
association is evocated by practitioners, but ex-vivo trials showed various effects of high nitrogen diets on 
neutrophils, depending on the nature of the excess (acute or chronic). The aim of this study is to evaluate 
the relationship between milk urea (MU) (as indicator of diet nitrogen level) and SCC. 35 million cow-test 
results and 120,000 test-day herd MU means were used. MU values <50 mg/l were excluded. Static and 
dynamic panel models were used to test the within farm association of the monthly herd composite mean 
SCC (CMSCC) and the monthly MU of the current or previous months, including milk production, herd size 
and lactation stage (...) in the models. A normal distribution of MU was noticed, and the average cow-test 
and herd test-day MU were both 260 mg/l (SD=80 mg/l). The correlation between MU and SCC, MU and 
milk production and SCC and milk production were -0.08, +0.05 and -0.10 (cow-test) and -0.07, +0.07 and 
-0.20 (herd-level test-day), respectively. The results of the static and dynamic panel models showed a positive 
association between MU and SCC of the same month: a 10 mg/l increase in MU was associated with up to 
a 5% increase in CMSCC. The dynamic analysis showed a negative association between CMSCC of one 
month and the urea of the previous month. For both models, CMSCC was also associated negatively with 
the milk production. The negative correlation of MU and SCC could come from the dilution effect of the 
milk production on SCC (negative correlation), as suggested by the positive correlation of milk production 
and MU. The panel model showed that CMSCC was positively associated with the current MU, when 
the milk production was taken into account. The negative association occurs for the urea of the previous 
month. This is in agreement with results of our lab showing opposite effects of chronic and acute nitrogen 
excesses on neutrophils.
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Lameness in dairy cows: using gait score as a predictor for claw lesions
Solano, L.1, Barkema, H.1, Pajor, E.1, Mason, S.2, Depasille, A.3, Rushen, J.3, Gibbons, J.3, Vasseur, E.3, 
Krom, M.1, Leblanc, S.4 and Orsel, K.1, 1University of Calgary, Production Animal Health, Canada, 2Alberta 
Milk, Canada, 3Agriculture and Agri-Food Canada, Canada, 4University of Guelph, Population Medicine, 
Canada; lmsolano@ucalgary.ca

Early detection of lameness is critical for optimizing treatment plans and reducing economic loss. It is 
commonly thought that lameness relates directly to the occurrence of either infectious or non-infectious 
claw lesions. The intent of our study was to evaluate the use of gait scoring as a tool to identify cows with 
claw lesions. Materials and Data were collected on 80 free stall dairy farms. It included video recordings to 
assess gait score by trained observers of 40 Holstein cows from each herd. Limping (L), asymmetric steps 
(A) and head bob (H) were the 3 clinical signs recorded. To categorize a cow as lame, the clinical sign L had 
to be present. Claw lesions were identified by 7 trained hoof trimmers and recorded using a computerised 
system (Hoof Supervisor®). Gait scores were recorded within 4 weeks before the hoof trimmer’s visit. Not 
all gait scored cows were trimmed. Association between lameness and the presence of claw lesions was 
analyzed using Chi-square statistics. Sensitivity and specificity were calculated to demonstrate the ability of 
gait score to identify the presence of claw lesions. Preliminary analysis of 1,370 cows showed that 18.6% 
were clinically lame. Overall, no lesions were found on 63% of the trimmed cows, 24% had one and 13% 
had more than one claw lesion. Digital dermatitis was the most prevalent claw lesion (35%), followed by 
sole ulcers (16%), white line lesion (16%) and sole haemorrhage (9%). A alone detected 49%, L alone 
43%, and H alone 41% of the cows with claw lesions. However, by combining the clinical signs A+L+H a 
sensitivity of 70% and a specificity of 60% were achieved. There is limited value in the use of gait scoring 
as a tool for early identification of claw lesions.

Impact of coagulase-negative staphylococci on 305-days milk production in dairy cattle
Huggins, R., Saini, V. and Barkema, H., University of Calgary, Production Animal Health, Canada; 
barkema@ucalgary.ca

Coagulase-negative staphylococci (CNS) are a large group of organisms that are considered as minor udder 
pathogens. As in most other developed dairy countries, they are the most frequently isolated bacteria from 
udder quarters of Canadian dairy cows. In a Belgian study, heifers infected with CNS in early lactation had 
a higher milk yield during their first 285 days in milk compared to their non-infected herd mates or heifers 
infected with a major pathogen. However, no data are available on adult cows. There is a lack of information 
about the impact of CNS intramammary infections (IMI) on udder health and production in Canadian dairy 
herds, and consequently, the present study was conducted on 89 dairy farms of the Canadian Bovine Mastitis 
Research Network (CBMRN) in four regions of Canada. In total, 137,316 milk samples were collected and 
recorded in the CBMRN database over a period of two years (January 2007-December 2008). Bacterial 
culturing and identification was done as per NMC guidelines. Cows were classified as culture-negative 
(CNEG) (all 4 quarters), major pathogen (MP) positive (at least 1 quarter), CNS-positive (at least 1 quarter, 
no major pathogen), or other minor pathogen (OMP) positive (at least 1 quarter, no major pathogen). 305-
days milk yield data were extracted from the DHI milk production database. Generalized linear regression 
model will be built to determine the impact of CNS IMI on 305-days milk production. Mean 305-days 
milk yield (kg) of cows in different parities was as under: Parity 1: CNEG (10,311) > CNS (10,082) > MP 
(9,785) > OMP (9,648) Parity 2: CNEG (10,629) > CNS (10,566) > OMP (10,363) > MP (10,136) Parity 
3: CNEG (10,963) > CNS (10,817) > OMP (10,733) > MP (10,688) Preliminary results indicate that cows 
with CNS IMI had higher 305-days milk production than cows infected with major pathogens or other 
minor pathogens. The results suggest a protective role of CNS in udder health.
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Factors affecting the incidence of calf diarrhea in Iranian Holstein dairy herds
Azizzadeh, M., Ferdowsi University of Mashhad, Department of Clinical Science, Iran; 
m-azizzadeh@um.ac.ir

Neonatal calf diarrhea is one of the most important causes of economic loss in dairy herds. The objective 
of this study was to identify risk factors associated with the incidence of calf diarrhea in large dairy herds 
in Iran. 3214 calves which were born in eight dairy herds between 21 March 2009 and 20 March 2010, 
were followed for 90 days after birth. For each live birth, the sex of calf, the parity of the dam, the type 
of parturition and season of birth were retrieved. Also, occurrence of diarrhea before 90 days of age was 
recorded. Logistic regression model was used to evaluate the effects of explanatory variables on occurrence 
of calf diarrhea. 1550 (48.2%) of calves were affected with diarrhea. Incidence risk of calf diarrhea was 22 
per 100 animal-month at risk. Calves born in the summer had a significantly higher risk of diarrhea [OR: 
1.73 (95% CI: 1.42-2.10)] than winter-born calves. Calves born from a difficult calving had an odds ratio 
of 1.43 (95% CI: 1.13-1.80) of diarrhea compared with those born from a normal calving. Also, probability 
of occurrence of calf diarrhea for calves born from multiparous dairy cows were 1.39 (95% CI: 1.20-1.62) 
times greater than those born from primiparous dairy cows. The results showed that high proportion of 
calves are affected with diarrhea during the preweaning period in Iranian dairy herds indicating economic 
importance and that environmental and management factors affect the incidence risk of calf diarrhea.

Effect of access to pasture on claw health in Swedish dairy cows
Jansson Mörk, M.1,2, Carlsson, J.2 and Bergsten, C.1,2, 1Swedish University of Agricultural Sciences, 
Sweden, 2Swedish Dairy Association, Sweden; marie.mork@svenskmjolk.se

Our objective was to study the effect of access to pasture on claw health in dairy cows. Factors of interest 
were the length of the pasture period, hours per day with access to pasture and cow density at pasture. 
Information on housing and pasture management in 2010 were collected from farmers by phone interviews. 
Information on individual cows, such as claw-trimmings and parity, were retrieved from the Swedish Dairy 
Association. The risk of having a claw disorder at claw trimming after the pasture period was analyzed at 
the individual level using multilevel logistic regression and including claw trimmer and herd as random 
effects. The diagnoses analyzed were; dermatitis (mild), digital dermatitis (severe dermatitis, DD), sole 
ulcer (also including severe sole haemorrhage) and heel horn erosion. Information from 174 herds and 
16,364 cows were used in the analyses (76 and 41 herds for dermatitis and DD). The median (10th/ 90th 
percentile) length of the pasture period was 123 days (92/ 153), hours per day with access to pasture was 11 
hours (6/ 20) and cow density was 4.6 cows per ha pasture (1.9/ 15.2). Significant associations were found 
between the length of the pasture period and the risk of sole ulcer and between the amount of daily access 
to pasture and DD. However, the risk for either of these disorders did not decrease linearly with a longer 
pasture period or with a higher daily access to pasture. Cow density at pasture was significantly associated 
with the risk of sole ulcer, dermatitis and DD. The risk of dermatitis and sole ulcer were highest in herds 
with the highest cow density but the risk of DD did not decrease with lower cow density. In conclusion, in 
our study most cows had access to pasture to a larger extent than the law stipulates. The amount of pasture 
was associated to sole ulcer, dermatitis and DD but not to heel horn erosion. We expected a decreased risk 
of claw disorders with increasing access to pasture but this pattern was not seen.
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Comparison of management characteristics between Mycobacterium avium subspecies paratuberculosis 
positive and negative herds
Wolf, R.1, Barkema, H.W.1, Mc Donald, E.2, Mason, B.S.1,2, Ollis, G.2, Slomp, M.2, De Buck, J.1 and Orsel, 
K.1, 1University of Calgary, Production Animal Health, Canada, 2Alberta Milk, Canada; rwolf@ucalgary.ca

The between-herd and within-herd prevalence of Mycobacterium avium subspecies paratuberculosis 
(MAP) infection on dairy farms is influenced by specific management practices. The Alberta Johne’s 
Disease Initiative (AJDI) assesses farm-specific best management practices (BMPs) using a 34-question risk 
assessment. The associated MAP status of the herd is determined with six environmental fecal samples. The 
objective of this study is to compare BMPs between MAP-positive and negative herds. The AJDI goal is 
to have 80% (480 herds) of Alberta dairy farms participating in the program by December 31, 2012. As of 
January 1, 2012, uniformly trained veterinarians have collected environmental samples and completed risk 
assessments at 201 (35%) participating farms. Preliminary results analysing 159 matched risk assessments 
and fecal sample sets indicate that MAP-environmental sample positive herds (n=34) were significantly 
more likely to spread manure on pastures where heifers graze in the same year than MAP-negative herds 
(n=125). Water troughs and food bunks of MAP-negative herds were less frequently contaminated with 
manure. Herd size was higher in MAP-positive herds compared to MAP-negative herds. In MAP-positive 
herds, the number of positive environmental samples increased with an increasing herd size. Based on the 
first set of farms, we have detected a difference in management between positive and negative herds, which 
indicates that best management practices are effective tools to control MAP on dairy farms. As the sample 
size increases, confounding effects of farm characteristics on the relationship between MAP infection 
status and management practices will be determined. Also, potential differences in evaluating management 
practices between participating veterinarians will be analysed and presented.

Risk factors for recurrent TB infection in New Zealand: an investigation using time dependent 
covariates in a Cox proportional hazards regression model
Dawson, K.1, Stevenson, M.2, Bosson, M.1, Sinclair, J.1 and Livingstone, P.1, 1Animal Health Board, New 
Zealand, 2Massey University, Institute of Veterinary, Animal and Biomedical Sciences, New Zealand; 
M.Stevenson@massey.ac.nz

Recurrence of infection with bovine tuberculosis (TB) in cattle and deer herds that have previously tested to 
a clear status is a problem that has recently become more apparent in New Zealand. Uncontrolled movements 
from these herds pose a risk to the TB eradication strategy. A retrospective cohort study was conducted to 
identify herd-level risk factors for TB recurrence. Data were collected from 356 New Zealand cattle and 
deer herds that met the following criteria: (1) a culture positive case of TB had been identified on or after 1 
June 2006 (the ‘first’ TB episode); (2) the herd status had been cleared by testing that was completed by 1 
November 2010; and (3) the clear status was not achieved by destocking. A Cox proportional hazards model 
was developed to quantify factors influencing the outcome. There was a positive relationship between (1) 
the monthly hazard of recurrence and the number of TB episodes in a herd prior to the first episode (HR 
3.2 for two prior episodes, 95% CI 1.2-8.5; HR 86.7 for five prior episodes, 95% CI 13.3-564.9); and (2) 
the presence of more than one lesioned animal at the first TB episode (HR 2.3: 95% CI 1.2-4.3). The time 
dependent covariate showed that the monthly hazard of recurrence during the first 2 years after clearance 
was significantly increased in herds with one or more reactors at the final test (HR 2.8: 95% CI 1.2-6.4), 
but this effect was not observed more than 2 years after clearance (HR 1.5: 95% CI 0.6-3.6). We conclude 
that the presence of unresolved infection in a herd is a contributor to further TB breakdowns in the first two 
years after clearance. The Animal Health Board is reviewing policies to increase the sensitivity of detecting 
residual infection before clearance and to intensify post clearance testing and movement tracking in herds 
with risk factors.
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Risk analysis approach applied to the development of compartiment for BTB control
Reyes, P.1,2, Rojas, H.2 and Urcelay, S.1, 1University of Chile, Animal Preventive Medicine Department, 
Chile, 2Ceres BCA, Chile; hernan.rojas@ceresbca.cl

Chile has become a net exporter of milk and dairy products in recent years with nearly 20 thousand farms 
and a half million milking cows. For over 25 years, the country has developed a voluntary free bovine 
tuberculosis (BTB) certification scheme and still herd prevalence are high, between 24% and 2,6% in 
central and south of country respectively. In 2011 started the National Control and Eradication of BTB, 
using a strategy based on the development of compartment for farms suppliers to dairy industry, as OIE 
terrestrial code oriented. In order to deal with epidemiological variability among farms and to facilitate 
the development of compartments, a method to assess and monitor BTB risk in dairy BTB farms has been 
designated. Risk of introduction, exposure and dissemination of BTB in farms that are part of a dairy 
compartment were carried out. Semi quantitative risk analysis guided by OIE and HACCP approach has 
been used in the methods. Possible routes of entry to domestic animals, wildlife and human as well as 
equipment and transportation vehicles, food and water sources were assessed. Possible routes of exposure 
and dissemination of BTB were considered like contact between farm animals, diagnosis and elimination of 
infected, shared facilities and equipment, food, water use and working staff. Special consideration was taken 
to the neighboring properties, characterizing them according to their level of risk. Critical control points 
were established for main bio-security measures for their control. Finally, a pilot study of compartment to 
control BTB in central Chile was conducted to test the methodology proposed, estimating the risk of BTB 
compartment.

Can information derived from the analysis of farm-to-farm movement events be used as a predictor 
of bovine tuberculosis breakdown risk?
Stevenson, M.A.1, Bosson, M.2, Dawson, K.2, Sinclair, J.2, Lopdell, T.3 and Livingstone, P.2, 1EpiCentre, 
IVABS, Massey University, Private Bag 11-222, Palmerston North, New Zealand, 2Animal Health Board, 
P.O. Box 3412, Wellington, New Zealand, 3Livestock Improvement Corporation, Private Bag 3016 Hamilton, 
New Zealand; M.Stevenson@massey.ac.nz

Since 1995 the national milk recording authority in New Zealand, Livestock Improvement Corporation 
(LIC), has provided facilities to allow herd managers to record details of movements of individual dairy 
cows from one farm to another. While the main purpose of this service is to allow production records to 
be transferred when animals are sold to another herd for milking, it is likely that information derived from 
the analysis of farm-to-farm movement events should also be able to be used as a predictor of herd level 
tuberculosis (TB) breakdown risk. This was a retrospective cohort study of New Zealand dairy enterprises 
that used the herd recording facilities of LIC during the period 1 July 1995 to 30 June 2010. Social network 
analyses were carried out on herds that recorded farm-to-farm movements of dairy cattle during each of 
the 15, 12-month intervals during this time frame. Herds included in each of the social network analyses 
were matched with TB information kept by the Animal Health Board. Data was used that defined historical 
disease status and areas with differential risk of infection transfer from wildlife. Our hypothesis was that a 
herd breaking down due to movement risk in a given year depended on network characteristics accumulated 
during the previous five years. The number of dairy cow movement events ranged from 6.5 to 13.5 million 
per year. For the majority of herds network parameters were relatively constant from one year to the next. In 
a small number of herds network parameters were more variable: presumably due to a change in ownership 
or due to a management decision to increase or decrease herd size. TB breakdown risk was associated with 
herd in-degree and the TB status of areas supplying incoming movement events.
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Herd-level risk factors for bovine brucellosis in Brazil
Goncalves, V.S.P.1, Mota, A.L.A.A.1, Ferreira, F.2, Amaku, M.2, Dias, R.A.2, Telles, E.O.2 and Ferreira-
Neto, J.S.2, 1University of Brasilia, EpiPlan-FAV, Brazil, 2University of Sao Paulo, VPS-FMVZ, Brazil; 
vitorspg@unb.br

Brazil launched a new and ambitious nationwide programme to control and eradicate bovine brucellosis 
in 2001. Between 2001 and 2004, studies of prevalence and risk factors associated with this disease were 
carried out to characterize the epidemiological situation of 14 Brazilian states and 65 regions within them. 
The published results revealed important differences in prevalence of brucellosis among several regions. 
Data from 17100 herds were consolidated and statistically analyzed for the investigation of risk factors at 
the herd-level. After an exploratory analysis of variables by the chi-square test, all variables with a P≤0.20, 
were included in a multiple logistic regression model. The result revealed that the herd traits associated 
with the presence of brucellosis were the herd size, measured by the number of females, and the purchase of 
breeding cattle. The risk of infection, indirectly estimated by the odds ratio (OR), was 1.25 higher [95% CI: 
1.12-1.40] at farms that purchase breeding cattle. Compared with the baseline category, i.e. herds with less 
than 30 females, the Odds Ratio for herd size was 1.94 [1.68-2.23] for herds with 31 to 100 females, 2.98 
[2.55-3.49] for those with 101 to 400 females, and 5.56 [4.53-6.82] for herds with more than 400 females. 
These results show that open herds, as well as larger herds, which are mostly dedicated to extensive beef 
production, have higher probability of introduction and maintenance of bovine brucellosis. This is consistent 
with the geographical distribution observed in prevalence studies and is likely to account for the high herd 
prevalence found in the states of the Midwest and neighbouring regions.

Milk quality assurance programme for paratuberculosis results in increasing proportion of test-
negative dairy herds
Weber, M.F.1 and Lam, T.J.G.M.1,2, 1GD Animal Health Service, Netherlands, 2Faculty of Veterinary 
Medicine, Utrecht University, Netherlands; m.weber@gddeventer.com

In 2006, a milk quality assurance program (MQAP) for paratuberculosis in Dutch dairy herds was initiated. 
The aim of the MQAP is to reduce the concentration of Mycobacterium avium subsp. paratuberculosis in 
milk delivered to the milk factories. Herds participating in the MQAP are assigned a herd status based on 
the results of herd examinations by individual milk-ELISA. Farmers are entitled to confirm positive ELISA 
results by faecal culture. Test-negative herds are assigned status ‘A’. Test-positive herds are assigned status 
‘B’ (if all test-positive cattle have been removed from the herd) or status ‘C’ (if any test-positive cattle are 
retained in the herd). The MQAP promotes preventive management measures and culling of test-positive 
cattle to reduce the spread of Map. On the herd-level, these measures increase the probability to obtain 
and maintain status A. On the national level, these measures taken by individual farmers increase the milk 
quality of the national dairy herd. The aim of this paper is to present results obtained over a six-year period 
(2006-2011) in the first cohort of 711 herds that voluntarily entered the MQAP in 2006-2007 without prior 
participation in a paratuberculosis programme. To date, 30% of the 711 herds have consistently had status A, 
15% of the herds have consistently had status B or C, and 54% of the herds had transitions between status 
A and status B or C. At all, the proportion of status A herds increased from 45% upon the initial assessment 
to 75% at five years after the initial assessment. It is concluded that the programme results in an increase of 
the proportion of status A (test-negative) herds over time. Based on the results achieved in the programme, 
the Dutch dairy processing industries are requiring all dairy herds delivering milk to their factories to have 
at least status ‘B’ since January 2011.
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Factors associated with morbidity, mortality, and growth of dairy heifer calves up to 3 months of age
Windeyer, C.1, Leslie, K.2, Godden, S.3, Hodgins, D.4, Lissemore, K.2 and Leblanc, S.2, 1Univesity of Calgary 
Faculty of Veterinary Medicine, Dpt. of Production Animal Health, Canada, 2University of Guelph, Ontario 
Veterinary College, Dpt. of Population Medicine, Canada, 3University of Minnesota, Dpt. of Veterinary 
Population Medicine, USA, 4University of Guelph, Ontario Veterinary College, Dpt. of Pathobiology, 
Canada; c.windeyer@ucalgary.ca

Calfhood diseases and mortality have substantial impacts on many dairy operations. The objective of this 
observational study was to investigate risk factors associated with enzootic calf diarrhea (scours), bovine 
respiratory disease (BRD), mortality, and growth in young dairy heifers. A total of 2,874 heifer calves from 
19 commercial dairy farms in Minnesota, USA and Ontario, Canada were enrolled at 1 to 7 d of age and 
followed for 3 months. The incidence of failure of passive transfer (FPT) was 11 and 32%, using cut-points 
of serum total protein of 5.2 and 5.7 g/dl, respectively. Over 23% of calves were treated for scours and risk 
factors were herd incidence of scours, season of birth, receiving a colostrum replacement product, not being 
fed colostrum by bottle, and weight at enrollment. Almost 22% of calves were treated for BRD and risk 
factors included FPT, herd incidence of BRD, season of birth, navel dipping, and being treated for diseases 
other than diarrhea or dullness. Supplemental antibody products were associated with a reduced incidence. 
Mortality risk was 3.5% and was increased by herd-level incidence of BRD, and calf-level treatment for BRD 
and other diseases. The mean average daily gain was 0.95 kg/day and was influenced by twinning status, 
FTP, and treatment for diarrhea or dullness. This study identified several important factors associated with 
morbidity, mortality, and reduced growth. It reinforces the interconnectedness of multiple diseases and the 
importance of good colostrum management. This study also highlights the significant effects of calfhood 
disease, adding further evidence that improving calf health can improve growth and survival.

Herd-level risk factors associated with seropositivity for antileptospiral agglutinins in dairy cattle: 
Minas Gerais, Brazil, 2010
Haddad, J.P.A.1, Nicolino, R.R.1, Cançado, R.C.F.1, Diniz, S.A.1, Lopes, L.B.2 and Rodrigues, R.O.3, 1Escola 
de Veterinária da UFMG, Preventive Veterinary Medicine, Brazil, 2Brazilian Enterprise for Agricultural 
Research – EMBRAPA, Brazil, 3Fepagro Animal Health – Veterinary Research Institute Desidério Finamor, 
Brazil; rafa_uenf@hotmail.com

Our objective was to determine herd-level risk factors associated with seropositivity for Leptospira spp. in a 
large number of randomly selected Brazilian dairy herds. Serum samples were obtained from 2.915 randomly 
selected cows from 151 herds in eleven municipalities located in the Sete Lagoas microregion, a large dairy 
cattle region. The technique used was the microscopic agglutination test (MAT) for leptospirosis agglutinins. 
All herd-level predictors were obtained through personal interviews with questionnaires administrated to 
each farm manager. A logistic-regression model was built using Leptospira spp. serostatus at the herd-
level as the outcome variable. All variables were first subjected to univariate analysis, where those with a 
significance level (P<0.20) were subsequently used for the development of multivariate models (P<0.05), 
which were divided into two categories: animal’s management and biosecurity. In the category of animal´s 
management, the use of rotational grazing for dairy cows (OR=3.52) was set up as a risk factor. The 
protection factors were shelter for calves in individual houses (OR=0.17), the bull does not stay in a 
paddock collective (OR=0.05) and provide milk replacer for calves (OR=0.25). In the questions relating 
to biosafety, the presence of a Medical Veterinarian in the property was a protective factor (OR=0.20) and 
the factors controlling ectoparasites by injection (OR=2.82), using the same equipment for cleaning up 
the environment for feeding animals (OR=3.58) and the request for serological tests of the animals before 
purchasing (OR=4.46), due to examination of leptospirosis is not part of this routine, are risk factors for 
the disease. Funding: CNPq, FAPEMIG and INCT-Pecuária.
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Uptake and use of cattle vaccines in the UK
Cresswell, E. and Wapenaar, W., University of Nottingham, Department of population health and welfare, 
United Kingdom; wendela.wapenaar@nottingham.ac.uk

The aim of this study was to investigate current uptake and use of vaccines available to the dairy and beef 
industry in the UK. The existing evidence indicates a lack of compliance from farmers with regards to correct 
application of a vaccine. A questionnaire was distributed to dairy and beef farmers between September and 
October 2011. The questionnaire collected information on which vaccines were used and how and why 
farmers were using these vaccines. The majority of respondents administered vaccines within the timeframe 
recommended on the datasheet. This was carried out correctly more often for first vaccinations (87% of 
farmers carried this out correctly) than for the second dose within a primary course (46% of farmers carried 
this out correctly). The proportion of farmers vaccinating earlier than the youngest recommended age varied 
between vaccines, with higher levels (18-20%) of incorrect use seen for vaccines against respiratory and 
clostridial diseases. The efficacy of disease control may be improved with correct use of vaccines; only 
34% of farmers indicated that they excluded certain animals. When asked to specify which animals were 
excluded from vaccination, 23% indicated that they excluded sick and injured animals. This suggests that 
more farmers need to be made aware that immunocompromised animals will not produce the most effective 
immune response after vaccination and there is a risk that vaccinating these animals may worsen their 
disease. This survey indicated that vaccination is heavily relied upon to control disease. It was noted that 
farmers consider vaccines to be highly effective, to the extent where other disease control measures may 
be compromised. The research was confined to the UK; however conclusions from the study are expected 
to be relevant in countries where vaccination of cattle is common. Although excellent research continuous 
to develop novel methods to control disease, results of this study support that successful disease control by 
vaccination is dependent on more than the quality aspects of the vaccine alone.

The interaction between Theileria parva and Theileria mutans and the association with clinical 
outcomes
Jennings, A.E.1, Bronsvoort, B.M.C.1, Woolhouse, M.E.J.2, Toye, P.3, Mwangi, S.T.2, Kiara, H.3, Conradie, 
I.4, Handel, I.1 and Coetzer, J.A.W.4, 1The University of Edinburgh, The Roslin Institute, United Kingdom, 
2The University of Edinburgh, The School of Biological Sciences, United Kingdom, 3The International 
Livestock Research Institute, Kenya, 4The University of Pretoria, South Africa; amy.jennings.vet@gmail.com

East Coast Fever (the clinical disease associated with the tick borne parasite, Theileria parva) is a major 
restriction on cattle production in East and Southern Africa. Fatal to most European breed cattle, there is 
believed to be a tolerance to the disease in the indigenous short horn zebu (SHZ) cattle breed. However, 
indigenous breed calves also experience mortality from ECF with reported rates varying from 3 to 25%. 
A cohort of 548 SHZ calves was followed from birth until 1 year old. They were examined and sampled 
frequently, with longitudinal data available for growth, blood parameters, antibody levels, and for intestinal 
worm burden. Autopsies and extensive testing was carried on dead animals to establish cause of death. 
This data has offered an opportunity to examine the interactions between infections in a non-experimental 
setting. 72% of the calves were exposed to T. parva before they left the study, but only 35 of the 548 calves 
died from ECF. The aim of this work was to explore the differences between those calves that died and 
those that survived following exposure to T. parva. Each of the 35 ECF deaths was matched by proximity 
to 2 controls that survived but were exposed to T. parva during their time in the study. The most significant 
association with survival was being infected with T. mutans prior to exposure to T. parva. This very 
significantly reduced the odds of being a case. This work offers an interesting example of how pathogens 
can interact to change clinical outcome.
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Herd-level prevalence and risk factors associated with herds infected with bovine viral diarrhea virus 
(BVDV) infection, in dairy herds of Chile
Monti, G.1, Rondón, J.2 and Aguirre, I.3, 1Preventive Veterinary Medicine, Faculty of Veterinary Sciences, 
Chile, 2PhD program in Veterinary Sciences, Chile, 3Microbiology and Biochemistry, Faculty of Sciences, 
Universidad Austral de Chile, Chile; jose23arondon@gmail.com

The aims of this study were to assess the Prevalence of Herds with Active BVDV Infection (PHAI) on bulk 
tank milk (BTM) samples collected from dairy herds and individuals, and to estimate associations between 
management practices of the farm and the status of infection. A cross-sectional study was performed and it 
was obtained a stratified (by herd size) random sample of 150 dairy herds in the main dairy area of Chile. 
A RT_PCR on BTM or at least 1 positive animal to ELISA for antigen from a sample of cows within-herd 
(proportional to herd size) was used to assess the infection status of the herd. In addition, at the day of 
sampling, a survey was completed on each farm, that is aimed to collect information from the farm that 
could be associated as herd-level risk factors for the disease, assessed by a logistic regression analysis. The 
overall PHAI was 81.2% (95% CI 74.1; 88.3). The PHAI for Large herds was 100.0% (100.0; 100.0), for 
medium herds 89.7% (78.6; 100.0) and for small 75.9 (66.5; 85.4) and the differences were statistically not 
significant (P<0.05). The final model included; Calves shared springs with other cattle within-farm (Yes 
vs No) OR=3.2 (1.1; 9.3); Young stock contact with animals GT 1 Yr from neighbors through fences (Yes 
vs No) OR=2.4 (0.9; 6.6); Presence of fox in the farm (Yes vs No) OR=0.4 (0.1; 1.0); Young stock contact 
with animals GT 1 Yr by paddocks rotation (Yes vs No) OR=0.3 (0.1; 0.9). The prevalence of infected herds 
is high and it was identified management practices associated with infection status of the herds that could 
help to control the transmission. Study funded by FONDECYT # 1101020.

Necessity of a strict biosecurity to maintain BVDV-free status in artificial insemination centers
Sarrazin, S.1, Hanon, J.B.2, Dernelle, E.3, Dewulf, J.1 and Caij, A.B.2, 1Ghent University, Faculty of 
Veterinary Medicine, Veterinary Epidemiology Unit, Belgium, 2Veterinary and Agrochemical Research 
Centre, Belgium, 3Association Wallonne de l’Elevage, Belgium; steven.sarrazin@ugent.be

In Belgium artificial insemination (AI) is commonly used for the breeding of cattle. Sperm mostly originates 
from artificial insemination centers (AIC). AI bulls are required to be free of Bovine Viral Diarrhea Virus 
(BVDV). We report the introduction and spread of BVDV in an AIC despite repeatedly BVDV testing before 
and after entrance of bulls in the AIC followed by the quick recovery of the BVDV-free status by enhanced 
analyses and biosecurity measures. Between June and September 2011 BVDV seroconversion was detected 
in five out of the 43 bulls of an AIC. Subsequently all potentially contaminated semen batches were tested by 
real-time RT-PCR. BVDV infected batches were detected from two bulls and destroyed before any infected 
semen was used for AI. The circulating strain was characterized and identified as a BVDV type 1b strain. 
BVDV seronegative and seropositive bulls were separated to prevent further virus transmission. Follow-up 
tests of the bulls showed semen became BVDV-free after seroconversion. So far no other bulls have BVDV 
seroconverted. Three hypotheses could explain the origin of infection. A first one is the introduction of a 
bull persistently BVDV infected in the testes despite testing of the first produced semen batch. Another 
hypothesis is the introduction of a bull with an acute BVDV infection not detected by the performed tests. 
A third one is the contact with a BVDV infected wild ruminant as a deer was observed in the AIC pastures 
shortly before detection of BVDV seroconversion. BVDV transmission between deer and cattle has been 
described. This BVDV episode caused direct and indirect economic losses for the AIC and illustrates the 
epidemiological importance of horizontal BVDV transmission and the necessity of a strict biosecurity to 
prevent BVDV infection.
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Lack of monitoring and biosecurity measures to maintain a BVDV-free status in cattle herds
Sarrazin, S.1, Laureyns, J.1, Caij, A.B.2 and Dewulf, J.1, 1Ghent University, Faculty of Veterinary Medicine, 
Veterinary Epidemiology Unit, Belgium, 2Veterinary and Agrochemical Research Centre, Enzootic and (re)
emerging diseases, Belgium; steven.sarrazin@ugent.be

Bovine Viral Diarrhea Virus (BVDV) is still endemically present in Belgium, nevertheless many herds 
attempt to eradicate BVDV at herd level. Once persistently infected (PI) animals have been eliminated 
from the herd a strict monitoring and biosecurity should be applied to maintain the BVDV-free status. In 
a descriptive study we report the lack of biosecurity measures and BVDV monitoring in 40 Belgian cattle 
herds after having eliminated all PI animals. Data on farm infrastructure, herd management and BVDV 
control were collected during a face to face interview. In 30% (12/40) of the herds the BVDV-free status 
was not annually monitored. In all herds, contact with neighboring cattle, often non certified BVDV-free, 
over pastures fences was possible. In only 24% (6/25) of the herds purchasing cattle, a quarantine period of 
at least three weeks was applied. Moreover, 88% (22/25) of the farmers kept purchased cattle in quarantine 
in the same stable as the rest of the herd. Visitors had direct access to the stables at 88% (35/40) of the 
herds. The herd veterinarian and inseminator wore farm-specific protective clothing at respectively 33% 
(13/40) and 10% (3/29) of the herds. A disinfectant footbath was present in 70% (28/40) of the herds. Yet 
only half (35% of the herds) was filled with an appropriate disinfectant and in 15% (6/40) of the herds the 
footbath was always used by all visitors. The lack of implementation of these basic biosecurity measures is 
remarkable since the studied herds all have suffered from BVDV related problems in the past and invested 
time and money to eradicate the disease from their herd. The absence of these preventive measures is 
exposing these herds to a high risk of reintroduction of the virus.

Bovine neonatal pancytopenia (BNP) in young calves in Germany on high and low incidence farms
Sauter-Louis, C.M., Reichmann, F., Friedrich, A., Rademacher, G. and Klee, W., Clinic for Ruminants with 
Ambulatory and Herd Health Services, Centre for Clinical Veterinary Medicine, Ludwig-Maximillians-
University, Munich, Germany; c.s@lmu.de

BNP is a new emerging calf disease, characterized by multiple haemorrhages, thrombocytopenia and 
leucocytopenia as a result of bone marrow depletion. It occurred sporadically before 2006, but an increase 
in incidence was observed in 2006 in Bavaria, Germany, and the disease has been seen in many European 
countries thereafter. Several studies reported an interaction between colostral-derived alloantibodies 
affecting neonatal blood cells. However, some farms have multiple cases, even in one year, while others 
only have one or two cases over several years. The present study compared farms (n=40) with high and farms 
(n=40) with low incidence of BNP in their calves in Germany. All farms have been randomly selected from 
the database containing over 250 farms with BNP in Germany. All 250 farms had been asked by telephone 
interview about the number of BNP cases they had experienced since 2006. The farms were then categorized 
as ‘high’ or ‘low’ incidence farms and study farms selected randomly of these. An extensive questionnaire 
was used to collect data about hypothesized risk factors, such as colostrum management and vaccinations, 
including different schemes of vaccinations against BVDV. In total 1,178 BNP cases had been mentioned by 
the farmers of the 250 case farms. Only about 60% of the cases were confirmed. Due to the bad prognosis 
of the cases, many farmers did only report the first one or two cases. Incidence on farms ranged between 
0.3% and 20% of cows affected within the years, in which BNP was observed on the farm. Data collection 
using the questionnaire is finished, and analysis comparing the frequency of risk factor occurrence between 
the two groups of farms will focus on colostrum management and vaccinations. Results of this analysis 
will be presented at the conference.
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Identifying sources of heteroskedasticity of average daily weight gain in commercial feedlot cattle 
using a hierarchical Bayesian approach
Cernicchiaro, N.1, Bello, N.M.2, Xiang, S.2, White, B.J.3 and Renter, D.G.1, 1Kansas State University, 
Department of Diagnostic Medicine/Pathobiology, USA, 2Kansas State University, Department of Statistics, 
USA, 3Kansas State University, Department of Clinical Sciences, USA; ncernic@vet.k-state.edu

The objectives of the present study were to assess the heterogeneity of variance in average daily weight 
gain (ADG) in commercial feedlot cattle cohorts, and to identify demographic factors as potential sources 
of cohort- and feedlot-level heteroskedasticity in ADG. An operational dataset compiled from 25 U.S. 
commercial feedlots containing 24,050 cohorts from 2005 and 2006 was utilized for this study. Inference 
was based on a hierarchical Bayesian model implemented with Markov Chain Monte Carlo, whereby 
cohorts were modeled at the residual level and feedlot-years were modeled as clustering random effects. 
Forward model selection based on Deviance Information Criterion was used to screen potentially important 
explanatory variables for cohort- and feedlot-level heteroskedasticity. The Bayesian modeling framework 
was preferred as it naturally accommodates the inherently hierarchical structure of feedlot data whereby 
cohorts are nested within feedlot-year clusters. Heterogeneity of variance was primarily concentrated at the 
cohort-level. Feedlot-year specific effects were, by far, the greatest contributors to ADG heteroskedasticity 
amongst cohorts. In addition, identifiable demographic factors associated with between-cohort variances 
included cohort size, arrival season, days on feed and mean arrival weight. These results indicate the need for 
further investigation of sources of heteroskedasticity in feedlot performance in order to increase consistency 
of beef production outcomes as well as enhance efficiency of statistical inference on treatment effects.

Influence of temperature on BTV-8 transmission in NW-Europe in 2007
De Koeijer, A.A.1, Hagenaars, T.J.1, Elbers, A.R.W.1, Gethmann, J.M.2, Meroc, E.3, Guis, H.4 and Boender, 
G.J.1, 1CVI Lelystad, part of Wageningen UR, ECD, Netherlands, 2FLI Wusterhausen, Germany, 3VAR-
CODA-CERVA Brussel, Belgium, 4CIRAD Montpellier, France; aline.dekoeijer@wur.nl

A temperature limit for bluetongue virus (BTV) transmission has been established from the data of the 2006 
BTV-8 epidemic. That analysis showed that the temperature threshold required for transmission between 
livestock herds was about 15 °C. This result was considered to be specific for the situation in NW-Europe in 
2006, and it remained unknown, whether and how these results can be extrapolated to different conditions. 
We analysed the 2007 BTV-8 epidemic data with the same method, and compared the results from the two 
years, to derive more insight into the impact of some of the more uncertain variables. We established that the 
method needed to be extended with a correction, for the fact that the advancing epidemic could no longer be 
evaluated as a starting epidemic. Especially in Belgium, many farms were already infected in 2006, which 
causes reduced transmission levels, due to dilution of susceptible farms. After correcting for the fraction of 
remaining susceptible farms, we found that the threshold temperature at which the infection spreads between 
herds again lies at 15 °C. So we have validated the previous results as being far more general than expected, 
and not only relevant for the specific situation in 2006. The consistency of both results, despite being derived 
from a different year, a different temperature profile during the year and a larger area of concern, proves 
that this conclusion is quite robust. In conclusion, these results can be used for extrapolation to other years 
and regions, while considering that a similar type of animal husbandry, similar host density and similar 
Culicoides species involved are probably still a requirement for a valid extrapolation.
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Latent class growth analysis of the effect of individually tailored biosecurity advice on the presence 
of endemic pathogens in British beef suckler herds
Mastin, A., Beauvais, W., Van Winden, S., Fishwick, J., Cardwell, J. and Pfeiffer, D., The Royal Veterinary 
College, United Kingdom; amastin@rvc.ac.uk

Farm biosecurity is considered integral to the avoidance of pathogen incursion, yet the effect of biosecurity 
measures is rarely studied. This study investigated the effect of individually tailored biosecurity advice on 
the presence of bovine viral diarrhoea virus (BVDV), bovine herpesvirus 1 (BHV1), Leptospira interrogans 
hardjo (L.hardjo), and Mycobacterium avium paratuberculosis (Map) in English and Welsh beef suckler 
herds. 116 farms were randomly assigned to ‘intervention’ and ‘control’ groups. Vets visited these farms 
annually for three years to blood sample 50 cattle and assign a numerical ‘risk score’ for each pathogen. At 
least three pieces of biosecurity advice were given to intervention farms and advice was given to control 
farms if requested. Bayesian methodology was used to identify seropositive farms (amongst youngstock 
for BVDV, BHV1 or L.hardjo; and adults for Map), and latent class growth analysis (LCGA) was used to 
identify classification of farms according to patterns of pathogen experience and risk score over time. The 
effect of intervention status on pathogen presence and risk score within these groups was then studied. Three 
risk score groups (low, medium and high) and two pathogen presence groups (low and high odds) were 
identified for each pathogen. Medium risk score groups showed a gradual decrease over time, with other 
groups remaining static. A decrease in odds of BVDV presence was observed amongst farms with low initial 
odds of presence, but pathogen presence was otherwise static. Intervention farms with medium risk scores 
had lower BHV1, L.hardjo, and Map scores than control farms, but pathogen experience remained similar 
to controls. Farms in high risk score groups were more likely to be in high pathogen presence groups for 
all pathogens except Map, where the opposite was observed. Based on these results, LCGA may provide a 
useful tool for capturing complex heterogeneity in longitudinal data.

Use of epidemiologic approaches and operational data to elucidate feedlot cattle health issues
Cernicchiaro, N.1, Renter, D.G.1 and White, B.J.2, 1Kansas State University, Department of Diagnostic 
Medicine/Pathobiology, USA, 2Kansas State University, Department of Clinical Sciences, USA; 
ncernic@vet.k-state.edu

Veterinarians and feedlot managers often have access to large amounts of health and production data 
routinely collected within the production systems. However, epidemiologic concepts and tools must be 
appropriately applied for these data to be utilized for accurate evidence-based decisions. We will demonstrate 
how our research team utilized a robust dataset compiled from U.S. commercial feedlots and applied core 
epidemiologic principles and methods to enhance the practical understanding of real-world cattle health 
problems. Our research allowed us to demonstrate how comprehensive, multivariable assessments with 
analytical control of potential extraneous variables enabled us to identify significant associations between 
weather conditions, cattle demographic factors, and daily respiratory disease incidence risk. In addition, 
we have generated unique results illustrating important interactions among cohort-level demographic 
factors associated with feedlot mortality and culling risks in heterogeneous populations of cattle from 
multiple feedlots monitored across several years. We also have utilized hierarchical and temporal data and 
multivariable mixed models to more thoroughly quantify the performance and economic impacts associated 
with the timing and number of respiratory disease treatments. We believe that researchers and veterinary 
practitioners can benefit from the use of existing data if appropriate epidemiologic concepts and analytical 
tools are applied. Alternatively, we can demonstrate with operational data how issues like confounding and 
effect modification need to be considered in order to make robust inferences that support appropriate health 
and economic risk management programs.
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In-depth interview-based study of farmer perceptions of and attitudes towards biosecurity on English 
and Welsh beef suckler farms
Cardwell, J.M., Beauvais, W., Alarcon, P., Lewis, E., Van Winden, S., Fishwick, J., Mastin, A. and Pfeiffer, 
D.U., Royal Veterinary College, Veterinary Epidemiology & Public Health Group, United Kingdom; 
jcardwell@rvc.ac.uk

A qualitative study was undertaken to investigate English and Welsh beef farmers’ perceptions of and 
attitudes towards infectious disease biosecurity. A semi-structured interview schedule was designed to 
explore barriers and motivators to adopting new biosecurity practices, as well as farmers’ opinions of 
advice given by the veterinary profession and attitudes to research. Forty farmers who were willing to be 
interviewed were purposively selected from those who had participated in a larger intervention study of the 
effect of tailored farm-level biosecurity strategies. The sample included 20 ‘intervention’ farms, to which a 
specifically tailored biosecurity advice package had been provided, and 20 ‘control’ farms, to which more 
general advice had been provided. In-depth one-to-one interviews were conducted with each farmer and 
the resulting textual data were explored using established thematic methods. The findings were triangulated 
with quantitative data on how the same farmers responded to advice given over the course of the four-year 
intervention study. Preliminary findings will be presented and discussed in the context of the potential 
benefits of a mixed-methods approach to the investigation and development of realistic biosecurity practices.

In search of clusters of Wisconsin dairy farms to determine the compatibility between high standards 
of animal health, well-being and milk production
Dopfer, D., Cook, N.B., Nordlund, K., Bennett, T.B., Gomez Rivas, A. and Brotzmann, R., UW-Madison, 
School of Veterinary Medicine, Food Animal Production Medicine Section, USA; dopferd@vetmed.wisc.edu

A random selection of production variables form more than 1000 Wisconsin dairy herds ranging from small 
to large facilities with a low to high range of annual average milk production and a variety of management 
systems have been selected for the year 2010. The aim of the study is to cluster the herds for their herd 
characteristics with regards to animal health, genetics, management (herd size and milking frequency) 
and milk production without preconceived choices regarding the variables used for the clustering process. 
Methods such as concordance analysis and principal component analysis will be used to identify the most 
suitable subset of clustering variables from Dairy Herd Improvement Association (DHIA) stored data 
(AgSource Cooperative Services, Verona, WI). The resulting clusters will be subjected to a questionnaire 
in order to gain knowledge regarding herd management and facility design characteristics, and a sample 
of individual farms will be visited to objectively determine levels of well-being (including scores for 
locomotion, hygiene, hock and other injuries). Ultimately, the information will be used to determine whether 
high milk production is compatible with excellent standards of animal well-being. The proposed presentation 
will focus on the process and results for the selection of clustering variables, the outcome of the clustering 
analysis and its implications for the development of the questionnaires presented to the farmers.
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Herd-level risk factors associated with seropositivity for Neospora caninum in dairy cattle: Minas 
Gerais, Brazil, 2010
Haddad, J.P.A.1, Nicolino, R.R.1, Cançado, R.C.F.1, Diniz, S.A.1, Lopes, L.B.2 and Melo, C.B.3, 1Escola 
de Veterinária da UFMG, Preventive Veterinary Medicine, Brazil, 2Brazilian Enterprise for Agricultural 
Research – EMBRAPA, Brazil, 3Faculdade de Veterinária da UnB, Brazil; rafa_uenf@hotmail.com

Our objective was to determine herd-level risk factors associated with seropositivity for Neospora caninum 
in a large number of randomly selected Brazilian dairy herds. Serum samples were obtained from 2.915 
randomly selected cows from 151 herds in eleven municipalities located in the Sete Lagoas microregion, 
a large dairy cattle region. Indirect ELISA Test (IDEXX) was used in serological diagnostic. All herd-
level predictors were obtained through personal interviews with questionnaires administrated to each 
farm manager. A poisson model was developed using number of seropositive cows in each herd. The 
poisson model was choosing due to the high frequency of positive-herds. All variables were first subjected 
to univariate analysis, where those with a significance level (P<0.20) were subsequently used for the 
development of multivariate models (P<0.05). Protection factors such as embryo transfer (Incidence Rate 
Ratio (IRR)=0.61), use of natural colostrum (IRR=0.71) and presence bull used in cows with pregnancy 
failure using artificial insemination (IRR=0.83) were found in the final model. A Risk factors found in the 
final model was the presence of abortion as a major reproductive problem in the farm (IRR=1.23). Presence 
of dogs birth at the barn, at the farmer house and at an unknown place by the farmer were found as a risk 
factor (IRR=1.38; 1.30; 1.21, respectively). Presence of veterinary services on farm was found as risk factor 
(IRR=1.26) and it was considered as a possible confounder. Funding: CNPq, FAPEMIG and INCT-Pecuária.

Trajectories in multidimensional pathogen space of indigenous calves reared in a smallholder farming 
system in western Kenya: the IDEAL calf cohort
Handel, I.1, Toye, P.2, Kiara, H.2, Coetzer, J.3, Woolhouse, M.4, Bronsvoort, M.4 and The Ideal Consortium4, 
1Roslin Institute & Royal (Dick) School of Veterinary Studies, University of Edinburgh, United Kingdom, 
2International Livestock Research Institute, Nairobi, Kenya, 3University of Pretoria, Onderstepoort, South 
Africa, 4University of Edinburgh, United Kingdom; mark.bronsvoort@ed.ac.uk

Epidemiological studies often focus on single or dual co-infections, however, in real settings animals are 
assaulted by a range of parasites at different times and stages of their life and in different combinations. 
These co-infections and their timings have potentially additive or multiplicative detrimental or beneficial 
effects. Understanding the natural ecology of the pathogen space calves occupy can provide new insights and 
understanding of pathogen interactions and their impact on key parameters such as growth rates, morbidity 
and mortality. This study is the first to attempt to describe and quantify the full range of pathogens infecting 
a naturally reared indigenous cattle population in its first year of life. The IDEAL calf cohort consists of 
548 newborn calves sampled using a stratified two-stage cluster sampling design in Western Kenya. Calves 
were recruited in the first week of life and visited at 5 weekly intervals until 12 months of age or death (or 
were censored). A range of clinical and laboratory techniques were used to identify as many pathogens 
as possible at each visit. For some diseases only serological evidence was available from screening at 12 
months. This analysis examines patterns and associations in the calves’ infection profiles through time. These 
are represented as trajectories through a multivariate ‘pathogen space’. Our analysis identifies calves with 
similarities in their infection sequences and patterns. These will be related to clinical episodes and ultimately 
to correlated with clinical signs. This may then help improve disease profiling and clinical diagnosis and 
can be used to improve decision support tools for use in the field.
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Modelling the effectiveness of cleaner fish for the biological control of sea lice in farmed salmon
Cox, R.1, Groner, M.1, Gettinby, G.2 and Revie, C.W.1, 1University of Prince Edward Island, Atlantic 
Veterinary College, Centre for Veterinary Epidemiological Research, Canada, 2University of Strathclyde, 
United Kingdom; rucox@upei.ca

Wrasse (cleaner fish) have been stocked commercially with farmed salmon since 1989 as part of an 
integrated pest management approach. Such biological control is attractive because it reduces the need 
for the use of chemical treatments. Results of commercial trials reported in the literature have largely 
been positive, however the degree of biological control during these trials is unclear. This is because it 
can be difficult to establish appropriate reference populations and because there is rarely opportunity for 
experimental replication in commercial operations. Furthermore there is incomplete understanding of how 
conditions on farms can influence cleaning behaviour by wrasse, and how conditions might be manipulated 
to promote cleaning behaviour. This work uses an individual based modelling (IBM) approach to explore 
the effectiveness of using wrasse for controlling sea lice on salmon farms. An advantage of using an IBM 
compared to a deterministic model is the ability to represent stochastic variation in cleaner fish feeding 
behaviour. Model estimates for some parameters are available from the literature, such as the proportion 
of the wrasse population that exhibits cleaning behaviour. Other aspects of the system that are less clear 
include the optimum ratio of wrasse to salmon. Sensitivity of the model is being tested to determine these 
parameters for most effective treatment management.

Cross-sectional study of Johne´s disease in dairy farms and cattle of Uruguay
Nuñez, A., Suanes, A., Piaggio, J., Di Pace, B. and Gil, A., Verinary Faculty, Ruminants Patology, Uruguay

Cross-sectional study of Johne´s disease in dairy farms and cattle of Uruguay. Johne’s disease is a chronic 
enteric disease caused by Mycobacterium avium subsp. paratuberculosis (Map). A cross-sectional serological 
study was conducted in 92 randomly selected dairy farms in which 25 cows were sampled in each farm or 
all the cattle was sampled when the number of cows was lower. 2,224 cattle samples of Uruguay’s largest 
dairy region were tested by ELISA test for antibody detection. The sampling results show 5.65±1.3% cattle 
seroprevalence and the estimated projection show that 70.27% of dairy farms have at least one serologically 
positive animal. In 35% of farms, more than 10% of the animals tested seropositive. These results are 
consistent with other studies in dairy herds, but with other calf rearing and herds management, where 
intensive rearing creates good conditions for the spread of the disease. Collins et al., found a slightly higher 
seroprevalence, 7.2%, but less spreading between herds (50%). Similar results were found by Johnson-
Ifearulundu et al. in 1998 in Michigan State. These reports are higher than reported in the NAHMS Dairy 
’96(3.4% cattle seroprevalence and 21% of herd level prevalence). Farm stratification according to animal 
level prevalence shows that 29.72% of the farms are negative, 35.88% have less than 10% of seropositive 
animals, 22.29% have 10% to 15%, 3.4% have a seroprevalence between 15% and 20%, 8.07% between 
20% and 25%, and 0.64% of farms have more than 25% seroprevalence. In conclusion, 35% of Uruguayan 
farms have a prevalence above 10% which means that a high number of fecal Map shedders increase the 
spread of the disease, making it present in 70% of dairy farms. Statistical analysis was performed using the 
software routines of Intercooler Stata 12.0. These data indicates that preventative measures should be taken 
to avoid the spread of M. avium subsp. paratuberculosis in Uruguayan dairy herds
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Identifying best management practices associated with reduced white spot disease prevalence on 
smallholder shrimp farms in the North Western Province of Sri Lanka
Westers, T.1, Ribble, C.1, Jayasinghe, J.M.P.K.2, Wu, J.1, Sears, W.3 and Stephen, C.1, 1University of Calgary, 
Dept. of Ecosystem and Public Health, Canada, 2Wayamba University of Sri Lanka, Dept. of Aquaculture 
and Fisheries, Sri Lanka, 3University of Guelph, Ontario Veterinary College, Canada; 
trisha.westers@ucalgary.ca

Having recently emerged from a prolonged civil war, Sri Lanka is turning to brackish-water shrimp (Penaeus 
monodon) farming to help stimulate its economy and improve the livelihoods of its rural poor. Outbreaks 
of white spot disease (WSD), in part due to unsustainable farming practices, have historically led to 
production losses, abandonment of farms, and unemployment among smallholder shrimp farmers. One way 
to promote sustainable farming is by implementing best management practices (BMPs), which are developed 
by industry experts to increase sustainability and minimize disease outbreaks. We examined associations 
between 35 BMPs and WSD prevalence in order to generate hypotheses as to which practices have the 
greatest impact on WSD reduction. Practices included those related to pond preparation and filling, seed 
selection and stocking, water quality management, and disease outbreak control. A cross-sectional study 
was conducted in June-August 2011 in the North Western Province, where WSD has historically been a 
problem, with 127 smallholder shrimp farmers (representing 32% of known farms) interviewed regarding 
implementation of BMPs and WSD history. The prevalence of WSD was 54%. Preliminary candidate logistic 
regression models have identified two BMPs associated (P<0.05) with reduced WSD occurrence (presence 
of a water reservoir and appropriate water treatment during disease outbreaks) and one BMP associated with 
increased WSD occurrence (deposition of sludge away from ponds). We are currently generating hypotheses 
as to why the BMP of depositing sludge away from ponds was associated with increased disease.

Stochastic simulation model: proportions of pregnant salmon lice
Stormoen, M.1, Skjerve, E.1 and Aunsmo, A.1,2, 1Norwegian School of Veterinary Science, Centre for 
Epidemiology and Biostatistics, Norway, 2SalMar ASA, Norway; marit.stormoen@nvh.no

The effect of lice distribution on proportions of pregnant salmon lice (Lepeophtheirus salmonis), was 
modelled in a stochastic simulation model. An overall fit of the data to the Poisson distribution was found 
in two separate datasets, and thus was used as the base of the stochastic model. In dataset one all lice stages 
followed a true Poisson distribution. Examining the variance-mean ratio (VMR) of adult female lice in 
dataset two showed a pattern where most cages (n=125) had a VMR above 1, indicating degrees of over-
dispersion, while a few (n=7) showed under-dispersion. Of the 146 samples in the final dataset, 139 showed 
a dispersion within ±0.5 of the mean adult females, conforming reasonably to the Poisson distribution. We 
constructed a model in @Risk which generated the number of fish carrying both adult female and adult 
male lice, being a necessity for lice reproduction, from a range of expected mean numbers of adult lice (λ). 
A variation of the same model with added extra variance was also generated in the @Risk software for the 
same λ values. The model was run first with an additional variance giving a VMR of 1.3, which was the 
VMR of adult females observed in data set two, and secondly with a VMR of two, being the outermost limit 
of acceptable variance of a Poisson distribution. The model showed that at an estimated adult female lice 
count of 0.5 adult lice per fish only 40% of the female lice are effectively reproducing. Sea lice reproduction 
is not linear with female abundance and the proportion of pregnant females will be lower at low lice levels 
and go towards 100% as the abundance increases. Our findings should have implications for routines for 
lice counts and decisions on when and how to establish intervention regimes against lice.
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Spatio-temporal analysis for the distribution of delousing treatments in marine fish farms in Norway
Jimenez, D.F.1, Jansen, P.A.1, Kristoffersen, A.B.1,2, Mardones, F.O.3 and Perez, A.M.3,4, 1Norwegian 
Veterinary Institute, Epidemiology, Norway, 2University of Oslo, Department of Informatics, Norway, 
3University of California-Davis, Center for Animal Disease Modeling and Surveillance, USA, 4Facultad 
de Ciencias Veterinarias UNR, CONICET/CECSA, Argentina; daniel.jimenez@vetinst.no

Emamectine benzoate (EmBZ) is the preferred delousing agent for control of sea lice infections in Norway. 
EmBZ is an oral administered and highly effective treatment for the prevention and control of sea lice. In 
this paper, we have assessed spatio-temporal changes in the volume of EmBZ treatments and its relation 
with EmBZ effectiveness in Norway. Data included more than 1,800 EmBZ treatments in all active sites 
from January 2004 to December 2009. Clusters of high density and volume of EmBZ treatments were 
consistently detected in the southern and central regions of Norway between 2004 and 2008. However, use 
of EmBZ markedly declined in 2009, as it was replaced by other delousing agents. This decline occurred in 
regions with high biomass of fish and was preceded by a reduction in the effectiveness of EmBZ. Results 
presented here are critical for the development of focused strategies to prevent and mitigate the spread of 
resistance to old and new drugs.

Epizootic haematopoietic necrosis virus (EHNV) (Family Iridoviridae) has not spread in south eastern 
Australia
Whittington, R.J.1, Becker, J.A.1, Tweedie, A.1, Gilligan, D.2, Asmus, M.2 and Beitzel, M.3, 1The University of 
Sydney, Faculty of Veteirnary Science, Australia, 2NSW Industry and Investment, Australia, 3Conservation 
Planning and Research, ACT Government, Australia; richard.whittington@sydney.edu.au

Outbreaks of disease in Redfin perch (Perca fluviatilis) and farmed Rainbow trout (Onchorhynchus mykis) 
due to Epizootic Haematopoietic Necrosis Virus (EHNV) have been recorded since 1985 from some parts of 
south eastern Australia. Most infected fish are believed to quickly succumb and die. Experiments performed 
more than 20 years ago showed that EHNV also can kill native freshwater fish species, including species 
of high conservation value. EHNV is listed by the OIE but despite its significance, very little is known 
about its natural distribution as no formal surveys have been conducted. Consequently a wide scale survey 
was undertaken over 1 million km sq. in the Murray-Darling Basin with power to detect 10% prevalence. 
EHNV remains endemic in the upper Murrumbidgee River catchment and may have an annual cycle of 
infection in juvenile fish which is observed only intermittently. Not all parts of the upper Murrumbidgee 
catchment are infected. Sufficient data were obtained from some regions to be 95% confident that EHNV 
was present in <10% of the population and in some cases <5%, <2% or <1% were infected. This provided 
a high level of confidence that EHNV was absent. It is possible that the virus has not entered the middle 
and lower regions of the southern part of the Murray-Darling Basin, nor the western and northern parts of 
the Basin. Given the lengthy history of EHNV in the endemic region it would appear that long distance 
spread of EHNV downstream via water flow in rivers is not important. There is evidence of other means 
of spread including anthropogenic factors. This study was funded by the Murray-Darling Basin Authority 
and the University of Sydney.
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Factors associated with changing efficacy of emamectin benzoate against sea lice (Lepeophtheirus 
salmonis) on farmed Atlantic salmon (Salmo salar) in the Bay of Fundy, Canada, 2004-2008
Jones, P.G.1,2, Hammell, K.L.1,2, Dohoo, I.R.2 and Revie, C.W.1,2, 1Atlantic Veterinary College, University 
of Prince Edward Island, AVC Centre for Aquatic Health Sciences, Canada, 2Atlantic Veterinary College, 
University of Prince Edward Island, CVER, Department of Health Management, Canada

Emamectin benzoate (EMB) (an avermectin product administered to fish as an in-feed treatment) has 
been used to treat sea lice infestations on farmed Atlantic salmon in the Bay of Fundy, Canada since 1999. 
This retrospective study examined the efficacy of 114 EMB treatment episodes from 2004 to 2008 across 
54 farms. Study objectives were to investigate changes in the effectiveness of EMB over this period, to 
examine factors associated with treatment outcome, and to determine variables which influence differences 
in post-treatment lice abundance. The analysis was carried out in two parts: first, treatment efficacy and 
trends in sea lice abundance were explored, and second, linear and logistic regression models examined 
the effects of multiple variables on post-treatment sea lice abundance and treatment outcome. To account 
for the hierarchical data structure with repeated measures, a linear mixed model was used with treatment 
episodes as random effects and follow-up weeks were nested within treatment episodes. Post-treatment 
lice abundance was found to increase in the later years examined. Mean abundance was found to differ 
between locations, with higher lice numbers on farms closer to the mainland and lower levels around Grand 
Manan Island. Significant variables associated with higher post-treatment lice quantities were location, year, 
pre-treatment abundance, and an interaction between age of fish and season of transfer. Not all treatments 
were observed to be effective with an increased risk for unsuccessful treatments being identified for 2008. 
Treatments applied during autumn were more likely to be ineffective than those applied during summer.

Modelling pathogen spread through the live cyprinid movement network in England & Wales
Pearce, F.M., Peeler, E.J., Thrush, M.A., Crane, C. and Taylor, N.G.H., Centre for Environment, Fisheries 
and Aquaculture Science (Cefas), Epidmiology and Risk, United Kingdom; nick.taylor@cefas.co.uk

In England and Wales, the ornamental fish trade imports large quantities of fish from overseas, and when 
these are released into the wild, infections can be seeded in the sport fishing sector. In 2003, a serious 
pathogen of cyprinids, koi herpesvirus (KHV), emerged in sport fisheries, thought to have been introduced 
via imported ornamental fish released into fisheries and spread between fisheries via live fish movements 
(LFM). Taylor et al. modelled the spread of KHV through the sport fishery network assuming that all sites 
are fully connected. This study uses LFM data to construct a network of connections between farm and 
fishery sites, i.e. social network analysis (SNA). The structure of the network was analysed and seasonality 
in movements was examined. Pathogen spread simulations were run to quantify the amount of spread likely 
to occur from a single introduction of a pathogen to the network, and test the conclusions drawn by Taylor 
et al. Analysis revealed that the network is heterogeneous in structure; it is dominated by a small number 
of ‘supersources’ (farms that supply fish to many other sites), while most sites receive fish from one other 
and do not supply any other sites. A pathogen seeded in one of these fisheries would be unlikely to spread, 
while infection of a supersource could spread to a large portion of the network. The number of movements 
made is highest in spring and autumn. As KHV can persist in a sub-clinical state, and disease only occurs 
at above 15 °C, it is likely that KHV is spread between sites by sub-clinically infected fish when conditions 
are outside the permissive range for the disease. Our analysis identifies high risk sites and connections that 
can be used to target both surveillance efforts and control in the face of an oubreak.
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The operational sensitivity and specificity of diagnostic testing procedures for aquatic animal infections
Hall, L.M., Wallace, I.S., Munro, L.A. and Murray, A.G., Marine Scotland Science, United Kingdom; 
malcolm.hall@scotland.gsi.gov.uk

There are a wide variety of diagnostic testing procedures and the World Organisation for Animal Health has 
defined several purposes for their application; a knowledge of their strengths and limitations is necessary to 
evaluate their suitability for each purpose. There are, however, very few assessments of the field performance 
of test procedures used to detect aquatic animal pathogens. We have recently estimated the operational 
sensitivity (Se) and specificity (Sp) of the diagnostic test procedures used in our laboratory for Renibacterium 
salmoninarum (causing bacterial kidney disease) in rainbow trout, infectious salmon anaemia virus (causing 
infectious salmon anaemia) in Atlantic salmon and salmonid alphavirus (causing pancreas disease) in 
Atlantic salmon at the individual fish level. These incorporate bacteria culture, virus isolation, ELISA 
and/or qPCR. Estimates of Sp are high (approximately 99%) although estimates of Se vary widely. For 
example the Se of the bacteria culture test procedure used to detect R. salmoninarum is low (approximately 
10%) for individuals experiencing a sub-clinical infection, and while the method may still be appropriate 
for confirming clinical cases it is not be suitable for demonstrating freedom from infection. In contrast the 
Se for qPCR-based test procedures used to detect infectious salmon anaemia virus and R. salmoninarum 
are high (≥90%). This has led to the adoption of qPCR for testing farms with suspected R. salmoninarum 
infections rather than the previously used ELISA. The use of qPCR is not however a guarantee of high Se; 
for example the Se of the qPCR-based diagnostic test procedure for salmonid alphavirus was estimated to 
be only 40% and this informed a change to the tissue samples we use for testing. We present estimates of 
Se and Sp for the test procedures evaluated in our laboratory and compare these with the other published 
estimates available.

Cross-sectional study for the detection of the salmon pancreas disease virus (SPDV) in wild and feral 
fish populations, Los Lagos Region, Chile
Alegria, R.1, Arriagada, G.1, Rozas, M.2 and Urcelay, S.1, 1Faculty of Veterinary and Animal Sciences, 
University of Chile, Santiago, Chile, 2ADL Diagnostic Lda, Chile; ralegria@veterinaria.uchile.cl

The salmon pancreas disease virus (SPDV) is the causal agent of pancreas disease (PD). This disease 
presents an economic impact in countries of the northern hemisphere with a developed salmon industry. This 
is why the disease becomes listed as compulsory notification to the local sanitary authority. In response to 
the potential danger of entrance of this highly pathogenic agent and because of the detection of antibodies 
in saithe near salmon farms in Ireland, we seek to detect the presence of the virus in populations of wild 
and feral fishes from ten lakes in Los Lagos Region, Chile, with concessions for salmon farming. An 
epidemiological study was conducted during the year 2009 to demonstrate the presence of a specific 
pathogen agent. With a minimum estimated prevalence of 1%, a confidence level of 95%, considering the 
diagnostic test as perfect, this yield a sample size of 297 fishes per lake, ADL Diagnostic Chile run all the 
qRT-PCR. On the six lakes where the indicated sample size was fulfilled by the study, there was no detection 
of any positive individual, which leads to the conclusion that if the agent is present the prevalence could 
be less than 1% or the virus is not present in these lakes; a total number of individuals sampled of 2.098, 
leads to the same conclusion (95% confidence), even if the diagnostic test was not perfect. Results can be 
influenced by the lack of knowledge of the parameters of the selected test allowing the occurrence of false 
negatives (even when it is highly sensitive and specific), as well as the possible temporary effect of the 
sampling time, performed during the winter when the development of the virus is less probable. Finally, it 
proposes future areas of research that allows for the accurate detection of this agent and to know the role 
of wild fish populations.
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Potential for invasive diseases to impact Scottish shellfish aquaculture
Murray, A.G., Collet, B., Marcos-Lopez, M. and Munro, L.A., Marine Scotland Science, Marine Laboratory, 
United Kingdom; Sandy.Murray@scotland.gsi.gov.uk

Scottish shellfish production consists mostly of mussels (Mytilus edulis), with Pacific and native oysters 
(Crassostrea gigas and Ostrea edulis). Production of C. gigas depends on hatcheries and translocation 
(including, from England, Ireland and the Channel Islands), the other species use wild spat and are 
transported only locally in Scotland. Disease might threaten production and we review risk from Bonamia, 
Marteilia and oyster herpesvirus (OsHV-1). Bonamia affects O. edulis, while OsHV-1 affects both kinds of 
oyster and Marteilia all three shellfish. Isolated Bonamia is already in Scotland. Bonamia and OsHV-1 are in 
Ireland and England, while Marteilia has a foothold in southwest England. All are widespread in Continental 
Europe. We identify translocation of C. gigas from hatcheries as a key risk route for introductions. Other 
anthropogenic activity, e.g. shipping, are also risk factors, as is natural spread over shorter distances. 
Marteilia introduction would require a long-distance vector. Bonamia already survives in Scotland and as 
OsHV-1 is present in Ireland it is very likely to be able to do so. Marteilia requires >17 °C to sporulate, 
which would restrict it to southern and shallow coastal areas in Scotland. Existing Bonamia infection is 
localised, so it does not spread easily within Scotland. OsHV-1 might spread more easily owing to extensive 
translocation of C. gigas. The large farmed and wild beds of mussels might ease natural spread of Marteilia. 
Bonamia outbreaks in France occur in winter, so lower water temperature in Scotland is unlikely to prevent 
clinical disease. Marteilia and OsHV-1 cause most disease at warmer temperatures that are rare in Scotland. 
However OsHV-1 does cause mortality in Ireland, so disease is possible at lower temperatures in naïve host 
populations. In conclusion: the risk in declining order is from Bonamia, OsHV-1 and Marteilia, although 
the consequences of each are in the reverse order.

Shellfish disease incursions into England and Wales: routes of introduction
Peeler, E.J., Thrush, M.A. and Gubbins, M., Centre for Environment, Fisheries and Aquaculture Science, 
Epidemiology and Risk, United Kingdom; ed.peeler@cefas.co.uk

In recent years three exotic shellfish diseases have been detected in England: the new variant of Ostreid 
herpesvirus-1 (OsHV1-µVar) in the Pacific oyster (Crassostrea gigas), Bonamia exitiosa in native oysters 
(Ostrea edulis) and Marteilla refringens in mussels (Mytilis edulis). In this paper we discuss the most 
likely routes and introduction and possible risk mitigation. OsHV1-µVar emerged in France in 2008 and 
spread within and outside the country mainly with the movement of live animals. At the time of detection 
of OsHV1-µVar in Whitstable, England no imports of live oysters for relaying had taken place for some 
months. The most likely routes of introduction were contamination of imported equipment (trestle and 
bags) from France or the reimmersion of oysters imported for human consumption. Similarly the detection 
of B. exitiosa in the Fal estuary could not be linked to introductions of live animals. The most likely route 
of introduction was through international shipping (biofouling or ballast water). Uniquely in the UK the 
Fal has deep water mooring for container ships in close proximity to shellfish beds. The investigation of 
M. refringens did identified the usual potential routes of introduction (anthropogenic introductions, natural 
movements, discharge from restaurants, etc., and vessesl) but none could highlighted as most likely. The 
possibility remained that M. refringens had been present for a considerable period. Investigations of exotic 
disease incursions rarely definitively identify the route of introduction. However, we were able to highlight 
weaknesses in biosecurity related to live shellfish imported for human consumption, the import of equipment 
and shipping. The site where an exotic parasite is first detected is not necessarily the site of introduction. 
M. refringens and B. exitiosa may cause low level effects which may go undetected for months or longer 
allowing spread before detection and making the identification of routes of first introduction problematic.
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Modelling management strategies for bacterial kidney disease in Scottish salmonid aquaculture
Murray, A.G., Hall, M., Munro, L.A. and Wallace, I.S., Marine Scotland Science, Marine Laboratory, United 
Kingdom; Sandy.Murray@scotland.gsi.gov.uk

Bacterial kidney disease (BKD) is a disease affecting both salmon and trout farms in Scotland. Its causal 
agent, Renibacterium salmoninarum, can also exist subclinically and this makes detection, and hence 
management, of infection problematic. The principle management strategy is through the use of movement 
controls on known infected site. We present a susceptible-infected (SI) model in which the infected farms 
are sub-divided into diseased (D) and subclinicaly infected; these latter are in turn subdivided between 
those whose infection is known (K) or unknown (U) to the authorities. Prevalence data are derived from 
these official records. The model is parameterised to fit observed T =Δprevalence assuming steady-state and 
using an arbitrary time step (time giving infection 20% chance of spreading from an infected site). Under 
these conditions the model parameters can be well constrained for a given level of undetected infection, 
to which they are sensitive. The model is used to investigate effectiveness of BKD control scenarios, 
including retention of movement controls on infected sites (D+K), movement controls only on sites with 
disease (D), lifting movement controls, intensive surveillance, and vaccination. Model results indicate that 
lifting controls leads to a relatively small increase of BKD in trout but a large increase in salmon farms. 
Conversely tightened controls gives a small trout but large salmon decrease in BKD, with eradication from 
salmon a common outcome. Improved fallowing is the most effective control, while vaccination can under 
some conditions actually increase BKD. Modelling results on the numbers of sites suffering disease and 
under official controls are used to provide input to economic modelling.

Assessing sea lice transmission within Loch Linnhe, Scotland
Salama, N.K.G., Rabe, B., Pert, C.C. and Murray, A.G., Marine Scotland Science, Marine Laboratory, 
United Kingdom; nabeil.salama@scotland.gsi.gov.uk

Atlantic salmon aquaculture contributes over £0.5bn to the Scottish economy. It is Scotland’s largest food 
export by value providing employment in remote regions. Sea lice, Lepeophtheirus salmonis and Caligus 
elongatus, are ubiquitous ectoparasites that are a concern to farming and wild fish industries. Scottish farms 
spend ~£35 m/y controlling lice, which is the highest across the salmon farming nations per kg produced. 
There are 10 stages in the lifecycle with non-infective nauplii hydrodynamically dispersed during which 
they mature into infective copepodids and require a salmonid host to develop into later stages. Maturation 
is temperature determined, whilst salinity effects survival. As part of integrated pest management (IPM) 
for lice control, farms are structured into farm management areas (FMAs) where synchronized practices 
e.g. treatment and production cycles occur. Loch Linnhe is Scotland’s largest sea loch system containing 10 
active salmon farms managed in two FMAs, which account for 10% of Scotland’s consented production. 
A coupled biological-physical model is used to assess lice transmission and distribution within the system 
which can inform IPM. A hydrodynamic model, forced by wind, freshwater input and tides, is run for Loch 
Linnhe for different time periods. The model outputs (surface currents) are combined with a biological 
particle tracking model representing lice which age and die. Lice transport is modeled from a range of wild 
and farmed inputs to determine distributions within the system. Hydrographic measurements are obtained 
to validate the physical components of the model, whilst nauplii distributions are assessed using planktonic 
tows, and copepodid distributions using sentinel caged fish. 2011 data shows some consistency between 
recorded sampling and simulated lice distributions and conditions. Initial model simulations indicate that 
lice are potentially spread at varying densities throughout the system and could be able to be transmitted 
across FMA boundaries.
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Risk facors for red mark syndrome in UK rainbow trout farms
Oidtmann, B.C.1, Adam, K.2, Mewett, J.1, Peeler, E.J.1, Noguera, P.-A.3 and Reese, R.A.1, 1Cefas, United 
Kingdom, 2Royal Veterinary College, United Kingdom, 3Marine Scotland Science, United Kingdom; 
Birgit.Oidtmann@cefas.co.uk

Red Mark Syndrome (RMS; also known as cold-water strawberry disease) is a skin disease of rainbow 
trout that has been identified in the UK since 2004 and has since been reported in other European countries. 
The disease affects farmed rainbow trout as they approach market size; affected fish are downgraded at 
processing or are not marketable. The disease is thought to be transmissible, but an aetiological agent still 
remains to be confirmed. A questionnaire was used to ask about history of the disease on site, environmental 
data, live fish movements onto site, management practices, etc. Data were collected at farm and pond 
level. Answers were obtained from 37 case and 26 control sites in England, Scotland and Wales using 
the questionnaire during site visits. Initial analysis suggests that farms that use fish pumps to move fish 
between units were at increased risk of RMS, whereas farms employing netting were at a reduced risk of 
the disease. Farms applying bath treatments (usually employed to control infections with ectoparasites) 
were at reduced risk of RMS. Presence of an infected farm upstream appeared to increase the risk of RMS. 
Results of multivariate analysis of the dataset will be presented.

Pacific oysters aquaculture diseases: surveillance considerations
Afonso, A., EFSA, AHAW, Italy; ana.afonso@efsa.europa.eu

Increased mortality events in Pacific oysters were detected in 2008-2009 in mollusc farming areas throughout 
the whole French coastline, Ireland and the UK. According to the reports the increased mortality events 
affected mostly juveniles. The mortality rate varied from 40% to 95% of the affected stock. EFSA was 
requested to assess the impact of the increased mortality events. The assessment required a description of 
the surveillance approaches in placein European member states and a collection and analysis of the available 
information on mortality events during the period of 2008-2010. The European legislation on aquatic 
animals’ health require that a risk-based animal health surveillance scheme in all farms and mollusc farming 
areas is implemented. The scheme aim at the detection of the listed diseases and of any abnormal increase 
in mortality, ‘increased mortality’ meaning unexplained mortalities significantly above the level of what is 
considered to be normal for the farm or mollusc farming area in question under the prevailing conditions. 
Baseline mortality levels vary and a harmonized approach for its estimation does not exist. When abnormal 
mortality occurs it must be notified but without an established threshold different countries, regions, farming 
area or individual farmers have different policies to implement notification system. The current passive 
surveillance system does not allow for an accurate estimate of increased mortality. A full description of 
the production systems and numbers of animals is not available at European level. Incomplete knowledge 
of the health status of incoming oyster stock to production areas, insufficient traceability of movements 
between production areas and production methods of low biosecurity standards such as mixing of different 
stocks and age groups were other problems identified. The paper describes the difficulties and limitations in 
providing a comprehensive and useful epidemiological description of the outbreaks of increased mortality 
of Pacific oyster in Europe providing recommendations for improvement.
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Risk Assessment for introduction and spread of epizootic ulcerative syndrome (EUS) in Europe
Afonso, A.1, Oidtmann, B.2 and Thulke, H.3, 1EFSA, Italy, 2CEFAS, United Kingdom, 3UFZ, Germany; 
ana.afonso@efsa.europa.eu

Epizootic ulcerative syndrome (EUS) is an epidemic disease in wild and farmed freshwater and estuarine 
fish caused by Aphanomyces Invadans. Severe outbreaks have been observed in various parts of the world. 
The disease has never been reported in Europe. A structured qualitative pathway model was constructed 
with the aim to determine the factors that can influence the introduction of EUS into Europe. The risk of 
entry was linked to the probability of infection of imported fish and the frequency of imports. The key 
components were the certification of EUS freedom by exporters and the capacity for detection of infection 
at the European border inspection point. The large majority of live fish (>99%) imported into Europe is 
ornamental fish. It is likely that EUS has repeatedly entered into the EU via ornamental fish importation. 
Release can occur with the movement or sale of live fish or insufficient effluent treatment or unintentional 
contact with natural waters. Assuming regular entry and release lack of reporting is contradictory, the 
following hypothetical scenarios (1 to 4) could explain it: 1. Despite entry and release of the pathogen, fish 
in EU have never been exposed 2. Fish in EUare exposed to the pathogen but EUS does not establish; 3. 
EUS epidemics repeatedly establish and spread unnoticed in the EU because conditions are not favourable 
for disease expression; 4. EUS is endemic in the EU and regularly misdiagnosed. It was concluded that 
the impact of EUS on EU aquaculture would range from no impact (scenarios 1 and 2, if no spread) to low 
impact (scenarios 3 and 4, no disease response or low incidence or weak disease patterns). However, if 
EUS is endemic (scenario 4) the impact may change in future if conditions such as climate, water quality 
or availability of susceptible species, either in aquaculture or in natural water bodies, become favourable 
for initiating epidemics and disease expression.

Developing indices for identifying obstacles to achieving sustainability on smallholder Sri Lankan 
shrimp farms
Westers, T., Ribble, C., Wu, J. and Stephen, C., University of Calgary, Dept. of Ecosystem and Public Health, 
Canada; trisha.westers@ucalgary.ca

Having recently emerged from a prolonged civil war, Sri Lanka is turning to brackish-water shrimp (Penaeus 
monodon) farming to help stimulate its economy and improve the livelihoods of its rural poor. Disease 
outbreaks, however, in part due to unsustainable farming practices, have historically led to production 
losses, abandonment of farms, and unemployment among smallholder shrimp farmers. While the necessity 
for promoting sustainable growth of this industry has been noted in the literature, little has been done to 
determine and measure practical indicators that may affect sustainability at the farm level. We developed a 
list of 18 farm-level indicators for the shrimp aquaculture sector in Sri Lanka on the basis of industry best 
management practices, relevant indicators described in the agricultural literature, and suggested indicators 
for shrimp aquaculture, with particular attention to disease prevention. This list was modified based on 
input from local stakeholders and researchers at Wayamba University of Sri Lanka, and used to develop a 
comprehensive questionnaire consisting of approximately 200 questions for assessing shrimp farm status. 
The questionnaire was administered to 187 smallholder shrimp farmers in communities throughout the North 
Western and Eastern provinces of Sri Lanka in June-August 2011. The results of the questionnaire will be 
compiled into indices for each of the 18 indicators identified at the beginning of the study. These indices 
will be verified using factor analysis, and will then be used to identify potential obstacles to sustainable 
shrimp farming at both the national and regional scales. A composite index will also be created to facilitate 
further analysis and to highlight farms/regions which may be particularly unsustainable.
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A study on risk factors of white spot disease outbreaks in shrimp in Khuzestan province by using 
logistic regression model
Bokaie, S.1, Sadati, D.2, Soltani, M.1, Bahonar, A.1 and Rahimi Frooshani, A.3, 1University of Tehran, 
Epidemiology & Zoonoses Division in Food Hygiene Department, Iran, 2University of Zabol, Iran, 
3universiyt of Medical Science of Tehran, Iran; sbokaie@ut.ac.ir

White spot, as one of the infectious viral diseases, has made severe losses in shrimp ponds all over the 
world. Despite extensive efforts made to deal with and control the disease, white spot continues to be a 
major health problem in shrimp farms across Iran. In this research, the significance of the risk factors of 
white spot disease epidemic occurred in shrimp ponds of Choubdeh farming site in Khuzestan province 
of Iran is determined. A cross sectional study was conducted from June 1, 2010, to September 22, 2010 in 
223 shrimp ponds of the site. Data was collected on 17 variables, hypothesized to be associated with the 
occurrence and epidemic of white spot, with the aid of the shrimp ponds owners and fisheries and veterinary 
organizations. The occurrence of white spot disease in the farming site was determined by clinical symptoms 
and the results of conventional PCR tests. Multiple regression and Chi square methods were used for 
analysis of the data and the effectiveness of the risk factors was established by odds ratio (OR). It is found 
that poor management of birds fighting (OR=3.72), less educated farm head worker (OR=3.29) and poor 
filtration of the intake water (OR=3.43) are significantly affected the occurrence of the disease while little 
changes in the salinity of shrimp ponds (OR=0.16) decreases the odds of the disease. The most important 
risk factors of white spot disease in shrimp farming sites were identified in Khuzestan province and the 
share of each risk factor was determined. These findings help better develop shrimp farming across Iran, 
especially in Khuzestan province.

The risk of introduction and establishment of white spot syndrome virus into England and Wales via 
import of non-viable commodities for human consumption
Oidtmann, B.C.1, Stentiford, G.D.2, Munro, J.2, Thrush, M.A.1 and Peeler, E.J.1, 1Cefas, Epidemiology and 
Risk team, United Kingdom, 2Cefas, EU reference laboratory for crustaean diseases, United Kingdom; 
Birgit.Oidtmann@cefas.co.uk

A qualitative risk assessment was carried out to investigate the likelihood of introduction and establishment 
of White Spot Syndrome Virus (WSSV) in England and Wales through imports of non-viable, raw crustacea 
for human consumption. The pathogen is not known to occur in England and Wales. The five main routes 
of release of the pathogen considered in the risk assessment were (1) via waste generated by processing 
plants; (2) restaurants and similar establishments; (3) end-consumers; (4) disposal of product no longer fit 
for consumption; and (5) diversion of product to use as fishing bait. Import data were obtained from Her 
Majesties Revenue & Customs. Taking into account the annual level of trade, it was concluded that the 
overall risk of introduction and establishment of WSSV via these pathways was low for waste generated 
by restaurants or endusers and low for diversion of crustacea in use for bait. The risk was assessed to be 
very low for waste generated by processing plants and product disposed of because it is no longer fit for 
human consumption. There was a considerable level of uncertainty associated with several of the steps in 
the pathways assessed, including the quantities of raw crustacea being imported into the UK, the extent of 
use of raw crustacea as bait, the extent of processing of raw crustacea occurring in the UK, the frequency 
of disposal of untreated waste into the environment, and the several more. Several other potential routes of 
introduction were identified, such as live crustacea imported for human consumption, and crustacea imported 
as bait. The import of aquatic animals for purposes such as use as bait should be given more attention. 
This is an area not covered by current aquatic animal health legislation, while potentially associated with 
a considerable level of risk.
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Implementation of epidemiology into a national program for aquatic animal diseases in Brazil
Borba, M.R.1, Ferreira Neto, J.S.2, Amaku, M.2, Dias, R.A.2, Gonçalves, V.S.P.1, Figueiredo, H.C.P.3, Cunha, 
E.A.P.3, Rocha, P.M.3, Delphino, M.K.V.C.3, Blume, L.R.3, Machado, D.P.3, Figueiredo, L.A.3, Oliveira, 
P.H.S.3, Spim, J.S.3 and Ferreira, F.2, 1University of Brasília, Brazil, 2University of São Paulo, Brazil, 
3Ministry of Fisheries and Aquaculture, Brazil; mauro.rb@hotmail.com

Given the socioeconomic importance of aquatic animal production related activities and their increased 
investments, Brazil´s Ministry of Fisheries and Aquaculture has established a partnership with the veterinary 
epidemiology research groups of the Universities of São Paulo and Brasília aiming at implementing 
epidemiology into a national program for aquatic animal diseases. The strengthening of the Brazilian 
fisheries and aquaculture production market is related to high quality and sanitary standards. Therefore the 
application of epidemiological concepts and tools become fundamental to the development of a sustainable 
production process which might guide the achievement of a world class healthy products. The range of 
activities of this agreement involves the proposition of a national active surveillance system; the development 
of specific sampling methodologies for bivalve molluscs; the design of prevalence studies for crustaceans; 
the assessment of import risk analysis; and the development of epidemiology courses to the Ministry of 
Fisheries and Aquaculture’ staff. The successful implementation of such program is expected to address 
the specific needs of a decision making process based on objective and scientific criteria, which is essential 
to any country wishing to protect their internal supply chain against the entry of existing diseases found 
in exporting countries. It is also relevant to structure effective control programs and surveillance systems 
based on quantified disease impacts, as well as to spread the use of veterinary epidemiology to aquatic 
animal health professionals.

Aquaculture, food security, and gender roles in Sri Lanka
Wu, J.P.1, Checkley, S.L.1, Westers, T.1, De Jager, T.1, Daniel, S.2 and Stephen, C.1, 1University of Calgary, 
Faculty of Veterinary Medicine, Canada, 2Government of Sri Lanka, Sri Lanka; jess.wu@ucalgary.ca

Aquaculture has emerged as a key agricultural sector and is the fastest expanding animal production industry 
worldwide. A benefit to households is increased income, which contributes to improvements in food security 
and poverty. The government of Sri Lanka seeks to determine if shrimp farming has the potential to provide 
sustainable livelihoods, especially for female headed households. A cross-sectional survey to assess food 
security status and gender roles of smallholder shrimp farming households was undertaken from June to 
August, 2011. Men and women within a household were interviewed individually. Approximately 60 farms 
were identified in the Eastern Province (EP), and 600 in the North Western Province (NWP). For the EP, all 
farms were approached. For the NWP, a sample size of 195 was calculated based on anticipated frequencies 
from a pilot study and 5% confidence intervals. A randomized list of all farms that fit the inclusion criteria 
(farms with <6 ponds and actively worked by the owner) were then stratified by geographical regions and 
the first 33% of farms within each region were selected. To further elucidate enablers and barriers to women 
entering the shrimp farming industry, qualitative interviews were conducted with female shrimp farm 
owners. These women were identified by triangulating knowledge from local shrimp farming associations, 
universities and government experts. A total of 220 farms were surveyed by community researchers. The 
data collected is currently being translated and analyzed. Preliminary results indicate perceptions of food 
security differ between men and women within households. Only five women were identified as owners of 
shrimp farms. These women faced various problems, from sabotage to stealing. This project will provide 
key information for government stakeholders concerning growth of the shrimp farming sector, to inform 
policy and identify key factors, including gender, associated with food security.

Poster topic 02 Poster 21

Poster topic 02 Poster 20



ISVEE – Book of Abstracts 2012 237

Epidemiological factors and VNTR typing of seven cases of seal tuberculosis (M. pinnipedii) found in 
domestic beef cattle from coastal properties in New Zealand
Loeffler, S.H.1, Collins, D.M.2, Neill, M.A.1, Delisle, G.W.2, Paterson, B.1 and Crews, K.B.1, 1Animal Health 
Board, Disease Managment and Farm Services, New Zealand, 2Agresearch, Animal Health Research Group, 
New Zealand; scott.loeffler@tbfree.org.nz

The New Zealand fur seal is abundant in the coastal areas and is known to harbour several zoonotic 
pathogens, including tuberculosis.. Members of the Mycobacterium tuberculosis complex includes bacteria 
such as M. tuberculosis, M. bovis, M. africanum and M. pinnipedii. The latter has been found in fur seals and 
sea lions in Argentina, Australia and New Zealand. This paper describes epidemiological factors associated 
with cases of M pennipedii infection documented in beef cattle from 1991-2011 and delineates the DNA 
strain-typing using analysis of tandem repeat segments (VNTR) sequence of these isolates and their major 
deviations from the more common M. bovis isolates in New Zealand cattle. Epidemiological factors were 
analyzed by examination of the case reports and a telephone survey of 35 neighbouring farms. VNTR 
testing was performed on all case isolates and the results were compared to 470 isolates of the M. bovis. In 
all M.pinnepeddii outbreaks in cattle, only a single animal within the herd was found to be infected. In 6 of 
7 cases, lesions were identified within the chest, indicating a likely aerosol pathway. The lack of multiple 
cases within a herd suggests that cow to cow transmission does not commonly occur. The only apparent 
epidemiological differences between case farms and neighbouring farms was that in ALL case farms, seals 
had access to cattle either by beach grazing or access to cattle grazing areas via creeks and tributaries that 
were less than a km from the sea. Many of the neighbouring farms had similar topography and grazing 
patterns. Seal sightings were not uncommon on pasture and in waterways both on case and neighbouring 
farms. The VNTR suggested that there is some variation in the strains identified. Two isolates were identical 
but all were similar and distinguishable from M. bovis strains.

Description of the morbidity caused by Piscirickettsia salmonis (SRS) in salmonid production sites 
in Chile
Castro, C. and Monti, G., Preventive Veterinary Medicine, Faculty of Veterinary Sciences, Universidad 
Austral de Chile, Chile; gustavomonti@uach.cl

The aims of this study were to describe epidemiological evolution of the outbreaks of SRS from 2005 to 
2010 and to analyse the use of the antibiotics for treating it. It was used a dataset that included information of 
outbreaks from 18 salmon companies located in the main two productive regions of Chile (X y XI Regions). 
It included data from 126 sites that produced atlantic salmon (AS), 54 of rainbow trout (RT) and 24 of coho 
salmon (CS). From this, it was analysed only those companies that provided complete data from January 
2005 to December 2010. Out of the sites affected for any outbreak, 85.7% of them were diagnosed by SRS 
and 70% of them affected AS. The distribution of affected sites increased until year 2008 (ISAv outbreak) 
and then declined, with no significant changes in the year pattern for the other species. For AS there was 
seasonality in the frequency of outbreaks, with peaks in summer and autumn. For CS, peaks were reached 
during summer, autumn and spring seasons. Finally for RT, there was a cyclic bimonthly pattern with a 
small peak of outbreaks. Considering the production cycle, for all species most outbreaks occurred in fish 
up to 1 kg., thereafter, for AS, declined the occurrence. For RT and CS it reached a plateau until 2 kg., after 
all declined as well. There was a strong decreasing pattern (74% less) in the antibiotic use except for year 
2009. In 2005, it was used 887.2 kg in average per site against 233.6 kg., in 2010. In addition, AS was the 
most treated species, it was followed by CS and then RT. The average length of the treatments by drug 
type was 7.7 days for oxytetracycline, the half of this for flumequine and oxolinic acid and 13.7 days for 
florfenicol (the antibiotic most frequently used as treatment). These preliminary findings support the need 
of a better understanding of the epidemiology of the transmission and risk factors given that currently, the 
industry relies on vaccines and treatments to deal with this agent.
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Analysis of enquiries to a South African radio programme on animal matters
Cloete, A.S. and Grewar, J.D., Western Cape Department of Agriculture, Veterinary Services, South Africa; 
AnnelieC@elsenburg.com

Over a period of six years a total of 2,385 letters and e-mail messages were submitted for veterinary advice 
to a weekly veterinary information programme on a South African national radio station (Radio Sonder 
Grense (RSG)), in the native Afrikaans language. A total of 1,839 (77%) of this correspondence contained 
one or more questions on veterinary and animal matters. This concerned mostly companion animals within 
the canine (68%), feline (13%), avian (14%) and equine (1%) species. A total of 892 (48.5%) of these 
enquiries were answered during a period of five and a half years. The most common enquiries involved 
issues of behaviour (45%) and skin conditions (11.5%). The most common behavioural correspondence was 
regarding social interaction (55%), followed by normal but unacceptable behaviour (15%) and elimination 
behaviour (14%). The most common reported skin complaint was pruritus (32%), followed closely by 
alopecia / feather loss (29%). 18% of dog breeds were not specified, but where the breed was indicated the 
Jack Russell Terrier was the highest represented breed (9%), followed by the Dachshund (7%) and the South 
African Boerboel (6%). In contrast 90% of cat breed type was not specified in the enquiries. Although a 
bias toward the interest of the veterinary presenter can influence the perceived need for information and the 
listener population requiring veterinary advice is skewed compared to the client base in general veterinary 
practice, the extent and distribution of the most common and general information needs were expected to 
be very similar. This is benchmarked against published data and compared with accurate listener figures, 
which were obtained from the broadcaster. The mode of communication is also explored as ease of access 
to the presenter was vastly improved by internet radio (audio streaming). The facility of allowing listeners 
to send e-mails directly to the studio during broadcastings significantly increased the enquiry rate since its 
introduction during 2007.

Diagnostic and recording accuracy for distal limb fractures in Thoroughbred racehorses in the U.K
Reardon, R.J.M.1, Boden, L.1, Stirk, A.J.2 and Parkin, T.D.H.1, 1University of Glasgow, School of Veterinary 
Medicine, United Kingdom, 2British Horseracing Authority, United Kingdom; 
richard.reardon@glasgow.ac.uk

Musculoskeletal injuries have been recognized as the major cause of days lost from training and wastage 
in Thoroughbred racehorses, whilst limb fractures are the most common cause of euthanasia in racehorses 
in the United Kingdom (U.K.). Accurate injury diagnosis and recording at the racecourse is essential to 
ensure correct treatment and provide reliable data for epidemiological studies. Methods to improve the 
U.K. racecourse veterinary records have been employed, with the introduction of a computerised recording 
system in 2004. Post mortems of all fatal distal limb fractures from U.K. racecourses were performed 
between 01/02/99 and 31/07/05. During the same period, racetrack veterinary diagnosis was recorded. 
Different criteria were used to assess racetrack diagnostic accuracy. A comparison was made between the 
accuracy of diagnosis before and after the introduction of a computerised recording database in January 
2004. National Hunt Flat races carried the highest risk of fatal distal limb fracture, whilst flat racing on turf 
carried the lowest risk, which is similar to previous findings. There were 366 post mortem examinations 
performed in the study period. The percentage of suspect fractures submitted for PM was excellent (97%) 
and racecourse veterinarian identification of the presence of a fracture was very good (94%). The ability of 
racecourse veterinarians to accurately identify all fractured bones in the affected limb was poor (53%), with 
some improvement since the introduction of a computerised recording system. Fracture diagnosis at the 
racetrack could be improved; either through further training or provision of x-ray units at the racecourse. The 
quality of data recording has improved since the introduction of a computerised system, but is not yet perfect.
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Epidemiology of Streptococcus zooepidemicus infection in dogs in New Zealand
Lawrence, K., Acke, E., Midwinter, A., Gordon, S., Moore, S., Waller, A. and French, N., IVABS, Massey 
University, New Zealand; k.lawrence@massey.ac.nz

Sreptococcus zooepidemicus infections have been reported increasingly in dogs worldwide, with fatal 
haemorrhagic pneumonia in intensively housed dogs as the most important clinical manifestation. The 
organism belongs to the Lancefield group C streptococci with S. equi and S. equisimilis, and is commonly 
isolated from horses. S. zooepidemicus is not considered commensal in dogs but prevalence studies are 
lacking. This study had two aims; firstly to estimate the prevalence of S. zooepidemicus in healthy dogs 
and horses in New Zealand and secondly to test the hypothesis that contact with horses is associated with 
Lancefield group C streptococci infection in dogs. A prospective study with a convenience sample of 
Massey University Teaching Hospital client animals was performed. A total of 149 dogs were sampled using 
oropharyngeal swabbing and 97 horses using nasopharyngeal swabbing, visited on 37 separate holdings. 
Dogs or horses were not always present at each holding and not all animals present at each holding were 
always swabbed. Given the small sample sizes, the small number of positives detected and the use of an 
imperfect test, Bayesian methodology was used to give more robust estimates of apparent prevalence. Four 
of 149 dogs had S. zooepidemicus and 20/149 had S. equisimilis; 9/97 horses had S. zooepidemicus and 
22/97 had S. equisimilis positive isolates confirmed. The estimated prevalence of S. zooepidemicus in dogs 
was 3.1% (95% CI=1.0-6.5%) and in horses was 19.4% (95% CI=10.7-32.3%). Collapsing the data over 
both Lancefield group C isolates, the odds ratio for the association between horses and dogs was 11.6 (95% 
CI 2.8-38.7) and the probability that a dog with a Lancefield group C isolate has had contact with horses is 
almost 100%. This study reveals that S. zooepidemicus can be isolated from oropharyngeal swabs in healthy 
dogs, and contact with horses and subclinically infected dogs may be important in the epidemiology of S. 
zooepidemicus infections.

Small animal consultations: is a diagnosis always reached?
Robinson, N.J., Brennan, M.L. and Dean, R.S., Centre for Evidence-based Veterinary Medicine, School of 
Veterinary Medicine and Science, The University of Nottingham, United Kingdom; svxnjr@nottingham.ac.uk

A diagnosis has been defined as ‘the label given to a disease with certain clinical or pathologic characteristics 
applicable to a particular case’. However in first opinion practice a definitive diagnosis may not always 
be reached, yet decisions on how to proceed still have to be made. The aim of this study was to determine 
the types and frequency of diagnoses made during small animal consultations in 8 practices. For each 
consultation, data were collected on all complaints discussed, the body system affected and the type of 
diagnoses made. Definitions including Definitive, Previous and Open diagnoses were developed to allow 
consistent categorisation across consultations. Data were collected over 9 weeks by direct observation 
of consultations. In total 1,015 consultations were observed involving 2,589 problems in 1,132 animals. 
For presenting problems, Previous diagnosis (27.3%) and No Diagnosis Required (38.4%) were most 
frequently recorded. Definitive diagnosis (7.0%) was rarely made. Diagnosis type varied with the body 
system affected, Definitive diagnoses were made for 67.5% of dental problems (n=160) but never reached 
during renal (n=17), endocrine (n=49) or neurological consultations (n=41). Open diagnoses were made 
most frequently for behavioural (71.2%; n=59) and least frequently for haemopoetic problems (0%; n=8). 
The high number of cases assigned to Previous diagnosis or No Diagnosis Required likely reflects the large 
proportion of caseload involving ongoing cases and preventive medicine. The low numbers of Definitive 
diagnoses suggests decisions are often made before a final diagnosis is reached, and it appeared that type 
of diagnosis varied with body system affected. Future work will examine the influence of other factors on 
the type of diagnosis made, and on the outcome of the consultation.
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Knowledge, awareness on rabies and attitude to dog bite among students and residents at the 
university of Ibadan, Nigeria
Awosanya, A.E.J. and Adebimpe, A.P., University of Ibadan, 1Department of Veterinary Public Health and 
Preventive Medicine, Faculty of Veterinary Medicine, Nigeria; emmafisayo@yahoo.com

Globally, about 55,000 human deaths are recorded yearly of which 24,000 are cases from Africa. Past 
studies have shown that effective rabies education and regular vaccination of dogs can help prevent new 
infection. This study aimed at assessing the knowledge and awareness on rabies and attitude to dog bite 
among students and residents at the University of Ibadan, Nigeria. Review of University hospital records 
for dog bite cases from 2005 to 2010 was done. A structured questionnaire was used to obtain information 
on demography, dog bite history, management and vaccination of dogs, awareness and knowledge of rabies 
from 326 purposively sampled students and residents. Incomplete entries were removed and the remaining 
315 entries analyzed using Epi-Info 3.5.1 version. Knowledge on rabies was scored using appropriate grade 
point. Statistical significance (P<0.05) was determined using chi square test at 95% confidence interval. 
Review of hospital record revealed a total of 10 dog bite cases were reported from 2005 to 2010. Eighty 
seven dog bite cases were reported among respondents and their family members; most (46%) reported to 
have had bite on the legs. Most (67%) of the dog bite victims were between the ages of 13-18 years. Of 
315 respondents, 79% were aware of rabies. Majority (43%) reported to have heard from friends. There 
is a significant difference (P<0.05) in the awareness level among various age groups, educational levels, 
dog ownership and regular vaccination of dogs. There is also a significant difference (P<0.05) among the 
residents and various categories of students on their knowledge of etiology, mode of transmission, clinical 
signs, prevention of rabies and what to do in case of a bite. Majority of the respondents have poor knowledge 
on rabies despite high awareness level. Dog bite cases are under reported and friends can serve as good 
source of information dissemination.

A disease outbreak investigation into unexplained causes of equine deaths in western Queensland 
in 2010
Robinson, B.A.1 and Gummow, B.2, 1Biosecurity Queensland, Australia, 2James Cook University, School 
of Veterinary & Biomedical Sciences, Australia; barry.robinson@deedi.qld.gov.au

Western Queensland is a predominantly cattle and sheep grazing area where horses are kept for the purpose 
of work and competition. In the first six months of 2010, a disease outbreak on five properties led to the death 
of 36 horses from a population of 133. A stepwise disease outbreak investigation was carried out, using a 
conventional epidemiological approach. A high morbidity, fatality and case fatality rate led investigators 
to suspect a toxin as the primary determinant. Deaths occurred more-or-less simultaneously on all five 
properties, which was consistent with a point epidemic, but temporal patterns on each property were sporadic 
suggesting an accumulating toxin. Although properties were spatially clustered, only two conjoined, and 
there was no movement of horses between properties, nor was there over-the-fence contact making a direct 
contact infectious disease cause unlikely. Further spatial patterns indicated an unusual weather pattern in the 
area of the outbreak in 2009. This coupled to the evidence for an accumulating toxin led to the hypothesis 
that above average rainfall during the wet season from December 2008 to March 2009 led to an increased 
biomass of a local variety of Crotalaria medicaginea, the dry remnants of which were preferentially grazed 
during a prolonged dry period at the end of 2009 causing pyrrolizidine alkaloid toxicity and death of horses. 
The paper covers the outbreak investigation and illustrates the strength of applying a sound epidemiological 
approach to a complicated outbreak investigation.
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Dogslife: a web-based study of canine health
Pugh, C.A., Bronsvoort, B.M., Handel, I.G., Summers, K.M. and Clements, D.N., Roslin Institute & R(D)
SVS, United Kingdom; Carys.Pugh@roslin.ed.ac.uk

Dogslife is a web-based, longitudinal study of the health of Labrador Retrievers. Participants are requested 
to complete an online questionnaire at defined intervals which captures phenotypic data and owner-reported 
information on the dog’s environment, diet, exercise levels and health/illness. The platform is ideally suited 
to maintaining the cohort as participant retention is facilitated via automatic email reminders and ongoing 
costs can be minimised. Recruitment began in July 2010 and to date 2,170 dogs have been registered. 
The recruitment rate is 2.2% of the (available) Kennel Club registered Labrador Retriever population. 
Recruitment rate was highest for those directly targeted by email and/or postal advertising (5.9%). After 18 
months 2.6% of the registered dogs were permanently lost to follow-up either due to re-homing (1.5%) or 
death (1.1%). Continuous evaluation indicates that the cohort is geographically representative of UK-based, 
Kennel Club-registered, Labrador Retrievers. Rarer coat colours are slightly over-represented and the owner 
cohort comprises fewer smokers than the wider UK population. In the first year of life, illness or clinical signs 
were reported for 86% of dogs and at 18 months into the project, over 2,700 illnesses or clinical signs had 
been recorded. Of these reported signs, 1,510 were not associated with veterinary visits and would therefore 
not be detected in more traditional studies of canine health based on veterinary presentations. Current work 
includes validation of the data collected. Veterinary records are being requested for a random cohort sub-
sample to verify illness reports. Random visits will also be undertaken to verify owners’ measurement of 
height and weight and assess the ongoing validity of the questionnaire. Once validated, the breadth of illness 
data captured by Dogslife will offer a unique opportunity to seek relationships between the environment, 
early minor illness and subsequent ill health in a companion canine population.

A retrospective serological survey on pandemic H1N1 influenza virus in the canine population of 
Northern and Central Italy
De Nardi, M., Dundon, W.G., Kasloff, S., Mancin, M., De Benedictis, P. and Capua, I., Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVe), Italy; mdenardi@izsvenezie.it

Since its global emergence in April 2009, pandemic H1N1 [A(H1N1)pdm09] influenza A infection in 
humans has peaked twice in Italy (November 2009 and January 2011). We recently reported serological 
evidence for infection of pet dogs in Italy by A(H1N1)pdm09 during the first peak in 2009. To further 
investigate the A(H1N1)pdm09 situation in dogs we undertook a second serological study on samples 
originating from dogs residing in Central and Northern Italy between January 2010 and February 2011. 
The sample size was calculated using a hypergeometric exact probability formula in order to achieve a 0.95 
probability of detecting at least one positive case assuming a low minimum expected prevalence of 2% 
and specificity and sensitivity values as per screening test characteristics. The sample selection approach 
adopted in this study attempted to ensure an unbiased geographical and temporal representation of the 
samples available. Based on a proportional allocation scheme, we randomly selected 642 sera weighting 
the selection on the influence of each region in terms of sample submission. The screening of the serum 
collected from 642 dogs identified nine positive samples in cELISA, five of which (0.77%, 95% C.I. 
0.25-1.8) were confirmed by haemagglutination inhibition test. Our findings indicate that the virus was 
circulating to some extent in the domestic dog populations from which the samples originated. It appears, 
at least in our study group, that all the positives identified are associated with the first 2009 influenza peak 
as no positives were identified in dogs born in 2010 or in the period from April 2010 to February 2011. 
However, to clarify this observation and to determine whether A(H1N1)pdm09 infection in dogs continues, 
further epidemiological studies are required.
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Recruiting a representative sample of British veterinary practices for conducting a generalisable 
epidemiological study of equine laminitis, 2009-2011
Newton, R.1, Wylie, C.1, Collins, S.2 and Verheyen, K.3, 1Animal Health Trust, United Kingdom, 2University 
of Queensland, Australia, 3Royal Veterinary College, United Kingdom; richard.newton@aht.org.uk

Equine epidemiological studies frequently use convenience rather than random sampling, recruiting horses 
under the care of volunteering veterinary practices. This study aimed to recruit a representative, sample of 
compliant veterinary practices to study the epidemiology of equine laminitis in Great Britain. As no complete 
data on the British horse population exist, analyses were undertaken to establish if the recruited sample 
represented the underlying veterinary population with results applicable to the general horse population. 
Initially, 1169 Royal College of Veterinary Surgeons-registered practices dealing with horses were contacted 
to make them aware of the study. Those willing to help further were sent more information and invited to 
submit answers to 8 questions on requirements for study data collection, with practices asked to provide 
data on cases of equine laminitis and the population of horses seen by them over a 24-month period between 
2009 and 2011. Initially, 175 (15.0%) of 1,169 veterinary practices responded and of these 148 (84.6%) 
expressed interest in co-operating with the study. Sixty five (43.9%) practices were willing to provide data 
with 28 (18.9%) practices finally recruited on the basis of their eligibility responses. Of the 28 recruited 
practices, 2(7.1%) were in Wales, 4 (14.3%) were in Scotland and 22 (78.6%) were in England. Spatial 
analysis suggested the 28 practices were geographically representative of the underlying British veterinary 
practice population. Epidemiological data exceeding required sample size estimations were collected 
over the planned 24-month study period from the participating veterinary practices. The methods adopted 
facilitated recruitment of a geographically representative sample of veterinary practices, which provided 
generalisable epidemiological data on equine laminitis in GB between 2009-2011.

Impact assessment of a charity training programme on health of working horses in Lesotho
Upjohn, M.M.1, Lerotholi, T.2, Attwood, G.3, Pfeiffer, D.U.1 and Verheyen, K.L.P.1, 1Royal Veterinary 
College, Veterinary Clinical Sciences, United Kingdom, 2P O Box 192, Matsieng, Lesotho, 3Malealea 
Development Trust, Motsekoua, Lesotho; kverheyen@rvc.ac.uk

To assess impact of an equine charity’s farriery, saddlery and nutrition training programme in Lesotho on 
horse health and owners’ knowledge and husbandry practices. One survey (S1) was undertaken before the first 
training programme began (April-June 2007) and one (S2) 20 months after its completion (August-October 
2009). Randomly selected horses (S1: n=312 vs. S2: n=245) underwent structured clinical examination; 
blood and faeces were sampled for haematology, biochemistry and worm egg count. Tack was assessed 
for condition, cleanliness and fit. Owners were interviewed using a pre-tested local language face-to-face 
questionnaire. Differences between surveys were assessed using Chi-squared and t-tests. Most horses 
provided ridden transport (S1:79% vs. S2:91%). Forefoot shoeing frequency increased (S1:14% vs. S2:29%, 
P=0.02) but overgrown forefoot horn frequency was unchanged (S1:45% vs. S2:42%). Owners noted 
trained farriers’ enhanced skills but poor shoeing affordability. Tack availability, condition and cleanliness 
remained suboptimal but bridle fit improved. Tack-associated injuries (S1:58% vs. S2:78%) and pain on 
spinal palpation (S1:53% vs. S2:72%) persisted. Mean body condition score remained suboptimal (S1:2.5 
vs. S2:2.1), although many owners (S1:62% vs. S2:41%) recognised their animal’s diet was unbalanced. A 
minority of horses had low red blood cell count (S1:21% vs. S2:17%). Strongyle infestation was endemic 
(S1:88% vs. S2:89%) and most horses had ticks (S1:59% vs. S2:76%). While some positive impact was 
achieved, key horse health issues remain and sustained intervention may be required before improvements 
are seen. Results could aid in selecting community-based intervention topics. Acknowledgements: World 
Horse Welfare; Lesotho Department of Livestock.
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Crude incidence rate of malignant tumours in pet dogs: city of Rome
Caminiti, A., Eleni, C., Meoli, R., Sala, M. and Scaramozzino, P., Istituto Zooprofilattico Sperimentale Lazio 
e Toscana, Italy; antonino.caminiti@gmail.com

In 2009, it was launched a three-year project for the monitoring of tumours in pet dogs living in a pilot area 
covering 4 boroughs of Rome: the project was coordinated by the Istituto Zooprofilattico Sperimentale Lazio 
e Toscana (IZSLT), in collaboration with the Local Health Unit ‘Roma B’ and 29 veterinary practitioners. In 
2011, the dog population of this area was estimated as 26,345 (95% CI:24,247-28,443) dogs. The aim of the 
present study was to provide a reliable estimate of the annual crude incidence rate (IR) of primary malignant 
tumours (PMT) in pet dogs. From 2009 to 2011, practitioners submitted to the IZSLT tissue samples of dogs 
with suspected tumour for histology testing free of charge. Tumours were coded according to the ICD-O. 
In 2012, 4 of the practitioners provided the full list of dogs seen at least once at the respective practice over 
the study period, independently of the reason for medical examination. Because records from these lists 
and those from laboratory results had a field for the owner’ address, it was possible to geocode and keep 
those falling into the pilot area. Assuming an open population in steady-state, the resulting number of dogs 
from the lists was taken as a representative sample of the entire dog population at risk, while the resulting 
number of dogs with PMT from the 4 practitioners was taken as the corresponding number of new cases: 
the IR was estimated accordingly. 102 PMT from as many dogs were submitted by the 4 practitioners. The 
average population at risk was 2,585 dogs: the IR of PMT was 1,315 (95% CI:1245-1388) per 100,000 dogs. 
The most common tumour was the mammary carcinoma. The IR appears greater than values commonly 
reported in literature. An accurate definition of the parameters was obtained by geocoding. It cannot be 
excluded the effect of selection bias, especially because data come from dogs that received veterinary care 
and the 4 practitioners were not selected randomly.

Estimating the frequency of veterinary attended equine laminitis in Great Britain, 2009-2011
Newton, R.1, Wylie, C.1, Collins, S.2 and Verheyen, K.3, 1Animal Health Trust, United Kingdom, 2University 
of Queensland, United Kingdom, 3Royal Veterinary College, United Kingdom; richard.newton@aht.org.uk

Although laminitis is recognised as an important disease among equids, a recent systematic review assessing 
quality of published evidence highlighted a paucity of quality studies estimating the frequency of laminitis 
worldwide. This study aimed to estimate both the prevalence and incidence of veterinary-attended laminitis 
in the general British horse population. A prospective study followed a cohort of horses attended by a 
representative but compliant convenience sample of British veterinary practices for 24 months from May 
2009. A custom-designed reporting form was used to collate numerator data on active laminitis cases 
diagnosed by practitioners. Denominator data comprised figures supplied by practices on animals visited 
by (‘visits’) and registered with them (‘registered’) each month. Prevalence based on denominators of horse 
visits and registered horses and incidence measures based on incident only and recurrent cases were estimated 
from available data. The overall ‘visits’ laminitis prevalence estimate was 0.47% (95% CI 0.42-0.52%) based 
on 297 reported cases among 63,054 horse visits. The overall ‘registered’ laminitis prevalence estimate was 
0.49% (95% CI 0.43-0.55%) based on 235 reported cases among an average of 48,082 registered horses. 
Laminitis incidences based on incident only and recurrent cases were estimated as 0.50 cases/100 horse-
years at risk (95% CI 0.44-0.57) based on 235 cases in 46,814 horse-years and 0.53 cases/100 horse-years 
at risk (95% CI 0.47-0.60) based on 241 cases in 46,970 horse-years, respectively. Laminitis pprevalnce 
and incidence were lower than previous published estimates, probably due to differences in geographical 
setting (nationally representative of Great Britain), study period (May 2009 for 24 months), case definition 
(veterinary confirmed), study design and population studied (prospective veterinary-attended cohort).
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Analysis of risk factors of canine diabetes mellitus: a matched case-control study
Pöppl, A.G., Meyrer, B., Carvalho, G.L.C., Vivian, I.F., Corbellini, L.G. and González, F.H.D., Universidade 
Federal do Rio Grande do Sul, Brazil; lgcorbellini@hotmail.com

Canine diabetes mellitus (CDM) is a multifatorial disease with a high incidence secondary to autoimmune 
insulitis, pancreatitis or Cushing´s sindrome. However, many environment factors have been associated with 
CDM, such as unbalanced diet, overweight, lack of physical activity, and diestrus in bitches. The aim of this 
study was to identify possible risk factors for diabetes in dogs throughout a matched case-control study in 
southern Brazil. The sample comprised 110 diabetic dogs diagnosed between 2004 and 2011 at the University 
Veterinary Hospital and by a private veterinary endocrinology consulting, which were paired by breed, age 
and sex with 136 dogs (case-control ratio of 1:1.2). The owners were contacted by phone and interviews 
performed by three blinded trained interviewers. A previous validated questionnaire was used to assess 
exposure to several risk factors. Univariate conditional logistic regression was performed in order to select 
potential risk factors associated with CDM. Only variables with a P<0.20 were offered to the multivariable 
model. The multivariate model was built using forward selection starting with the variables with the lowest 
AIC values from the univariate analysis and backward elimination of variables with a P≥0.05. Two variables 
were significantly associated with CDM in the final model (P≤0.01): unbalanced diet (OR=4.85; IC 95%: 
2.2-10.7) and overweight (OR=3.5; IC 95%: 1.6-7.5). This result is similar with previous European studies. 
A correlation matrix analysis showed that both variables were independent, and both factors are known as 
insulin resistance inductors. By conclusion we assume that feed with an unbalanced diet and keeping the 
dog overweight can predispose to diabetes development.

Fate of Thoroughbred horses in New Zealand after the yearling sales
Bolwell, C.F., Rogers, C.W., French, N. and Firth, E.C., Massey University, Institute of Veterinary, Animal 
and Biomedical Sciences, New Zealand; c.bolwell@massey.ac.nz

A previous analysis of the supply chain in New Zealand Thoroughbred racing highlighted the loss of horses 
from the industry, estimating 57% of horses failed to reach their full potential; 27% of racehorses were never 
registered with a trainer. As part of a wider longitudinal study, there was an opportunity to describe the fate 
of yearlings after the sales and the loss of horses that occurred at each stage from the stud farm to racing as 
a 2-year-old. As part of a larger prospective study, Thoroughbred horses born in 2007 were followed from 
the stud farm to the end of their 2-year-old racing season (31st July 2010). Official data extracts containing 
sales and racing data of all the horses in the 2007 foal crop were linked to the horses followed in the study 
population. To describe the fate of the yearlings after the sales, horses were categorised into five groups: 
(1) registered with a trainer at two years of age; (2) registered with a trainer at three, but not at two; (3) 
exported at two; (4) died; and (5) unknown. After the sales, the fate of most (53%; 333/627) horses in the 
study population was ‘registered with a trainer at two years of age’, 24% (151/627) were exported and the 
fate of 8% (49/627) was ‘unknown’. The most common country of export was Australia (87%; 131/151), 
followed by 3% each going to Hong Kong, Korea and Singapore. Of the sales horses, 28% were exported 
compared to 9% of store horses, whilst 40% (92/231), 21% (39/189) and 10% (7/71) of horses catalogued 
for Premier, Select and Festival sales, respectively, were exported. The fate was ‘unknown’ was for 16% 
(22/137) of store horses and 13% (9/71) of horses catalogued in the Festival sale. The predominant fate 
of yearlings after the sales was registered with a trainer at two years of age. The fate of a group of horses 
remained ‘unknown’ at the end of the 2-year-old season, indicating that these horses had not entered the 
cohort of horses trialling or racing in that year.
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Polo: an epidemiological study of the whole
Innes, C. and Morgan, K.L., University of Liverpool, Musculoskeletal Biology, United Kingdom; 
k.l.morgan@liv.ac.uk

Polo, one of the world’s oldest sports, offers an unrivalled opportunity for medical, dental and veterinary 
scientists to work together in a non-infectious disease arena. Prevention of injuries to these modern day 
centaurs is neither a veterinary nor medical problem; it is both. A cross sectional study and structured 
telephone questionnaire were used to collect data on falls, injuries, preseason training and attitudes towards 
risk from a random sample of 112 UK polo players. Injuries to riders and horses were defined as those 
requiring a hospital or veterinary visit respectively. Risk factors for falls and pony injuries were estimated 
using multivariable logistic regression. The median number of falls in the previous season was one (IQR 
0-2). 2.5% (90%CI 0.4-5.4) of players fell off 10 or more times. 17.3% (90%CI 10.4-24.2) of riders 
reported polo related injuries, requiring hospitalization, in the previous season. 48.1% (90%CI 39-57.2) 
of participants owned at least one horse that sustained a polo related injury requiring veterinary treatment. 
Overall 10.6% (90%CI 5-16.2) of horses experienced an injury requiring a veterinary examination. Women 
were at quarter of the risk of falling compared to men (OR 0.27). Players expecting to improve their handicap 
were eight times at risk of falling compared to players expecting to maintain their handicap (OR 8.36). 
Players exercising their ponies for a mean of 51.1 (SD 12.2) days prior to the first chukka of the season were 
less likely to fall than players with ponies exercised for a mean of 43.5 (SD 10.9) days. When adjusted for 
confounding falls were associated with increased risk of injury (OR 6.57) as was higher self-assessed fitness 
score (OR1.68). In contrast, players who used a gym were less likely to be injured (OR 0.14). Wearing 
wrist protectors also reduced the risk of injury (OR 0.17) (RR0.32 0.08-1.31 P=0.07). Goggles and face 
protectors had no effect. This is the first population based study of falls and injuries to horses and riders 
during the game of polo.

Preliminary quantification of the prevalence of angular and flexural limb deformities in a population 
of Standardbred and Thoroughbred foals in New Zealand
Visser, E.M.S.1, Rogers, C.W.2, Bolwell, C.F.2, Gee, E.K.2 and Stowers, N.L.2, 1Utrecht University, Faculty 
of Veterinary Science, Netherlands, 2Massey University, Institute of Veterinary, Animal and Biomedical 
Sciences, New Zealand; e.m.s.visser@students.uu.nl

This study aimed to describe the quantification of the prevalence of angular and flexural limb deformities 
in a population of Standardbred and Thoroughbred foals in New Zealand in their first week after birth. 
Furthermore, it aimed to describe the influence of several risk factors such as gender, breed, size, 
condition score, gestation length, season and parity of the mare on the prevalence of limb deformities. Two 
Standardbred stud farms and two Thoroughbred stud farms were selected using a convenience sample. Data 
on limb deformities were collected on all foals that were on the farms during the 2010/2011 breeding season. 
Observational assessments were used to score foals from their first week after birth to fifteen months of age. 
Descriptive statistics, univariable logistic regression and multivariable logistic regression models were used 
to evaluate data. The majority of the foals (253/313, 80.83%) had one or more limb deformities recorded in 
their first week after birth. Of these, 196 had more than one problem recorded (196/253, 77.47%). Carpal 
valgus was recorded in the majority of the foals (162/313, 51.8%), with 84/162 (51.85%) being unilateral 
and 78/162 (48.15%) being bilateral. Most of the problems recorded (628/807, 77.82%) in this study were 
slight deformities that required no veterinary attention. The risk factors that showed a significant association 
with 3 of the limb deformities investigated were: breed, gender, size, condition score and season. This study 
provides preliminary work where future studies could build on and it could provide a reference point for 
the New Zealand industry. Furthermore, it could provide an opportunity to examine if angular and flexural 
deformities are associated with racing and sale performances.
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Characteristics of a UK pet cat cohort
Murray, J.K., Casey, R.A., Gale, E., Whitmarsh, A. and Gruffydd-Jones, T.J., University of Bristol, Veterinary 
Sciences, United Kingdom; jane.murray@bris.ac.uk

UK pet cats aged 8-16 weeks are being recruited to a (lifelong) longitudinal study (1st June 2010-31st 
December 2012). The aim of the study is to use prospectively collected data to study a range of outcomes, 
including feline unwanted behaviours, obesity and specific diseases. Following 20 months of recruitment, 
initial analysis of the data was conducted to provide descriptive data on the cohort. Characteristics of cats 
and owners recruited through different methods were compared with data collected from UK households 
in 2007 using telephone interviews. Questionnaires had been completed for 898 eligible (8-16 week old 
UK) cats. Cats were recruited through internet sites (including Cats Protection website, facebook and pet 
forums) (33%), veterinary practices (30%), ‘word-of-mouth’ (12%) and through rescue centres (7%). Most 
cats (49%) had been obtained from friends, relatives, colleagues or via advertisements for non-pedigree cats, 
whilst 21% came from rescue centres, 15% were from pedigree breeders, 7% had been bred by the owner 
(accidentally or deliberately) and 6% had been stray cats. Cats recruited to the cohort were significantly 
more likely (P<0.001) than the 2007 telephone sample to be pedigree cats (21% vs 8%). Further analysis 
of breed differences revealed that the proportion of pedigree cats varied according to how the owner 
had heard about the cohort study (6% via rescue centres, 13% via vets and 26% of owners had had been 
browsing feline-related websites. One-third (33%) of the cohort had been obtained at no cost to the owner 
and a further 14% cost only £1-£29. Most owners planned to have their cats neutered; 10% when the cat 
was aged <4 months, 23% at 5 months, 44% at 6 months of age and 9% at 7 months or older. The results 
of this analysis will be used to direct future recruitment efforts to increase the external validity of the study 
through recruiting a sample that is as representative of the UK pet cat population as possible.

Stray dog population dynamics at university of Sao Paulo Campus, Brazil
Dias, R.A.1, Riegert, M.B.2, Guarnieri, C.3, Prist, R.3, Ferreira, F.1, Amaku, M.1 and Ferreira Neto, J.S.1, 
1University of Sao Paulo, Department of Preventive Veterinary Medicine and Animal Health, Brazil, 
2University of Brasilia, Laboratory of Veterinary Epidemiology, Brazil, 3University of Sao Paulo, 
Administration Authority, Brazil; dias@vps.fmvz.usp.br

A longitudinal study was carried out to describe the stray dog population dynamics in University of Sao 
Paulo Campus, Brazil from November 2010 and November 2011. The Campus is located inside the urban 
area of Sao Paulo, the biggest city of Brazil, with a human population over 11 million. Its 4.2 square km are 
walled, with 10 access gates, allowing stray dogs to move in and out of the campus freely. Over 100,000 
people and 50,000 vehicles circulate in the campus daily. Five observations were made during the study 
period, using a two-sample method. The same route was made in all observations, being traveled twice each 
day. Observed animals were photographed and the sight coordinates were obtained using a GPS device. The 
stray population showed seasonality associated with class periods and holidays, varying from 55 (44; 76) 
to 32 (23; 56) individuals. The stray population also showed susceptibility to difference between inward 
and outward dog movements and to the proportion of females in the population during the study period. 
Overlapping home ranges were observed in areas where most of people circulate, corresponding to the 
docile dogs. A feral group was observed close to two forest areas, and no overlapping with other dog’s home 
range was observed for this group. A spatial correlation between dog sights and food sale point distributions 
was observed, rather than trash bins. A kernel density map showed that high stray dog density is associated 
with larger organic matter generators, such as university restaurants. One can conclude that preferred food 
source is the leftover food offered by the restaurant users and bad waste conditioning.
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What is a feral cat: management protocols in an undefined population
Gosling, L., Stavisky, J. and Dean, R.S., School of Veterinary Medicine and Science, University of 
Nottingham, Centre for Evidence-based Veterinary Medicine, United Kingdom; svyclg@nottingham.ac.uk

There is no single accepted set of identifying characteristics for a feral cat. Within the United Kingdom, 
many charities work with feral cats, each with different guidelines and standards, causing problems when 
attempting to coordinate effective feral cat control. The aims of this study were to investigate the definition 
of a feral cat used amongst those working with them, and to establish what happens to cats once labelled 
as feral. An online database of cat charities was used to identify a sampling frame of 40 charities located 
in Nottinghamshire and Leicestershire. Of these, 13 were willing to participate and underwent face to face 
structured interviews. A follow-up focus group was run at the School of Veterinary Medicine and Science. 
The only characteristic that all study participants agreed on when defining a feral cat was that it would 
be ‘unapproachable in its free roaming environment.’ The most common term used to describe a feral cat 
by respondents was ‘wild’, with lack of socialisation towards humans also identified as a key feature. Of 
the respondents, 62% felt that a feral cat could be tamed, regardless of age. All charities neutered cats 
before release or re-homing. Although 92% identified neutered cats, only 54% did this through ear tipping, 
as recommended by WSPA, and 38% of shelters returned neutered cats without any form of permanent 
identification. In the UK, several different definitions of a feral cat are currently in use. Based on the 
opinions of those working with feral cats, this study proposes that a feral cat is both unapproachable and 
capable of thriving in its free-roaming environment. Taming of all ages of feral cat has been identified as 
common practice; this is a controversial process as confinement is extremely stressful for ferals. Provision 
of a common definition of feral cats is a necessary first step to more coordinated management and improved 
welfare of these animals.

Prevalence and factors associated with Leptospira spp infection in dogs and cats in the regions of Los 
Ríos and Los Lagos, South of Chile
Azócar A, L. and Monti, G., Universidad Austral de Chile, Department of Preventive Veterinary Medicine, 
Chile; gustavomonti@uach.cl

A cross-sectional study was conducted in Los Ríos and Los Lagos regions to determine the Apparent 
prevalence (AP) and True Prevalence (TP) of Leptospira spp exposure, antibody titers, individual 
characteristics and risk factors associated with samples taken from 390 dogs and 104 cats. Positiveness 
was detected via Microscopic Agglutination Test with a panel of 6 serovars. For dogs, the AP was 6.2% 
(95% CI=3.8; 8.5) and TP was 2.7% (95% CI=1.1; 4.3). Positivity was detected for serogroups Sejroe, 
Pomona, Canicola, Ballum and Icterohaemorragiae with titers ranging from 1:100 to 1:1,600; the most 
frequent serovar was L. interrogans serovar Pomona (29.2%). Positive animals were mixed breed (37.5%), 
males (54.2%), between 1 to 3 years old (41.7%), living outside the home (66.7%), without clinical signs of 
leptospirosis (87.5%) and from urban areas (62.5%). Contact with cattle, sheep, goats, pigs and/or horses 
was a risk factor, but not statistically significant (OR=1.9: 95% CI=0.8; 4.5). In cats, AP was 4.8% (95% 
CI=0.7; 8.9) and TP was 1.3% (95% CI=1.1; 4.3). Positivity was detected for serogroups Pomona, Canicola, 
Icterohaemorragiae and Ballum with titres of 1:100; the most frequent serovar was L. interrogans serovar 
Canicola (40.0%). The positive cats were domestic short hair breed (60.0%), males (80.0%), between 1 to 
3 years old (60.0%), hunted rodents (80.0%) without clinical signs of leptospirosis (100.0%) and from rural 
areas (80.0%). Significant risk factors were contact with rodents and/or hares (OR=14.2; 95% CI=1.4; 142.4) 
and live inside their home (OR=17.4; 95% CI=1.5; 205.1). Is necessary to monitor the epidemiological 
situation of the infection in these areas and keep the owners informed about the preventive measures that 
may apply to pets and humans given the zoonotic potential of the disease.
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How often do pets get lost from home and return?
Weiss, E.1, Slater, M.1 and Lord, L.2, 1American Society for the Prevention of Cruelty to Animals, Shelter 
Research & Development, USA, 2The Ohio State University, Veterinary Preventive Medicine, USA; 
margaret.slater@aspca.org

Dogs and cats are kept as companions in many countries. Likewise, they can become lost from home or 
run away. No population-based data on the frequency of this occurrence or the success of finding a lost pet 
has been previously published. This study determined the frequency of pets getting lost and found as well 
as the ways they returned home. A cross-sectional random digit dial telephone interview was conducted 
between September and November 2010 in the USA. There were 2,587 households successfully contacted; 
1,015 owned dogs or cats within the past five years. Pets did not have to be currently in the household. 
Eight hundred and sixteen households owned dogs and 503 owned cats (307 owned both in the past five 
years). The median number of dogs owned was 1 (range, 1 to 22) and the median number of cats was 2 
(range, 2 to 27). In the past 5 years, 14% of dogs and 15% of cats were lost and 93% of dogs and 75% of 
cat were recovered. No pet or owner demographic variables were associated with pets getting lost. For 
dogs, searching the neighborhood and returning on their own were the most common methods of finding 
the dog; 13.9% were found through an identification tag. For cats, 59% returned on their own and 30% 
were found by the owner searching the neighborhood. Seven percent of dogs and 4% of cats were found 
through animal control/law enforcement. Dogs were more likely than cats to be lost more than once. Cats 
were less likely than dogs to have identification. Owners of dogs and cats rarely searched at shelters or 
contacted animal control/law enforcement. Knowledge of the most successful methods of finding dogs and 
cats provides invaluable advice for owners of lost pets, veterinarians, animal welfare professionals and law 
enforcement. More pets could potentially be reunited with their owners if collars and visible identification 
were used routinely.

Common conditions of pedigree dogs: vet and breeder opinions
Hunt, C., Lea, R., Quarmby, C. and Dean, R., The University of Nottingham, The Centre for Evidence-based 
Veterinary Medicine, United Kingdom; svxcah@nottingham.ac.uk

Pedigree dog health and welfare is a contentious issue. Little evidence exists on the health problems 
veterinary surgeons (VS) and pedigree dog breeders (PDB) most commonly encounter, or whether these are 
predominately inherited or acquired in nature. This study aimed to identify (1) the most common problematic 
body systems (BS) encountered in each of the 10 most registered breeds in the United Kingdom; and (2) the 
BS thought to have the biggest impact on the welfare of each breed based on VS and PDB opinion. PDB were 
recruited through the Champdogs website and VS, via both an existing contact list and the Royal College of 
Veterinary Surgeons’ Register of Practices. Data were collected by electronic SurveyMonkey questionnaires. 
VS and PDB were asked to rate the 3 most commonly affected BS per breed. The datasets were totalled 
to give overall values for each BS. Data on welfare impacts were analysed as reported. Responses were 
received from 150 VS and 385 PDB. In Cocker Spaniels (CS) and Staffordshire Bull Terriers (SBT), VS 
rated the most common affected BS to be dermatological (CS: 29.5%, n=110; SBT: 30.4%, n=103) but PDB 
identified ocular problems (CS: 33.3%, n=36; SBT: 26.7%, n=16). In Labrador Retrievers (LR) and German 
Shepherd Dogs (GSD) both VS and PDB identified musculoskeletal conditions to be most common ([GSD] 
VS: 32.6%, n=123; PDB: 27.3%, n=39; [LR] VS: 35.8%, n=135; PDB: 32.2%, n=49). Fewer differences 
in opinion were seen on welfare issues. Both VS and PDB of Cavalier King Charles Spaniels (CKCS) and 
Boxers (B) rated cardiovascular issues as the biggest welfare issue ([CKCS] VS: 68.7%, n=79; PDB 50%, 
n=13; [B] VS: 45.8%, n=49; PDB: 47.6%, n=10). These data suggest that VS and PDB have differing views 
when identifying BS affecting pedigree dog health. PDB possibly focus on inherited conditions whereas 
VS focus on both acquired and inherited disease.
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Meta-analysis of risk factors for Leptospira spp infection in dogs
Azócar A, L.1, Monti, G.1 and Sánchez, J.2, 1Universidad Austral de Chile, Department of Preventive 
Veterinary Medicine, Chile, 2University of Prince Edward Island, Centre for Veterinary Epidemiologic 
Research, College of Veterinary Medicine, Canada; gustavomonti@uach.cl

A meta-analysis was performed to assess the association between Leptospira spp infection in dogs and 
risk factors of animals characteristics described in different studies. A literature search was conducted 
using electronic databases, scientific journals and internet based search engines to find publications in 
english, spanish and portuguese with unrestricted publication year. After abstract and quality screening, 9 
publications describing risk factors for positivity of Leptospira spp infection were used and 3 risk factors 
were selected to perform 3 meta-analysis because this were described in more than two publications. In each 
meta-analysis, to determinate the pooled OR it was evaluated the presence of heterogeneity based on the 
significance of heterogeneity statistics for using the fixed effects or random effects model. Publication bias 
was not detected only in the meta-analysis of male dogs. In the meta-analysis of ‘male dogs’ it was included 
5 studies in which no heterogeneity was detected, so the fixed effects model was used and the pooled OR 
noted that to be a male dog was a risk factor to Leptospira spp infection (OR=1.7; 95% CI=1.4-2.1). In 
the meta-analysis of ‘mixed-breed dogs’, it was established the presence of heterogeneity in the 5 studies 
included and the random effects model was used. To be a mixed-breed dog was a risk factor to Leptospira 
spp infection, but not significant (OR=1.2; 95% CI=0.8-1.9). The meta-analysis of ‘urban dogs’ included 3 
studies in which heterogeneity was detected and the random effect model was used. To be a urban dog was 
a risk factor to Leptospira spp infection, but the association was not significant (OR=1.7; 95% IC=0.8-3.7). 
Leptospira spp infection in dogs have risk factors that coincide in different studies, therefore the results of 
this study can be used for strengthening some control measures.

Canine cancer registration: yesterday, today and tomorrow
Nødtvedt, A.1, Berke, O.2, Bonnett, B.N.3 and Brønden, L.B.4, 1Norwegian School of Veterinary Science, 
Norway, 2University of Guelph, Canada, 3B Bonnett Consulting, Canada, 4Danish Medicines Agency, 
Denmark; ane.nodtvedt@nvh.no

Cancer registration is an important tool to achieve cancer control and prevention, and is widely used 
within human oncology. The distinction between population-based and hospital-based cancer registries is 
important, particularly because the latter include no information regarding the catchment area or background 
population at risk which then precludes the estimation of incidence. Veterinary cancer registration has a 
long history, but is faced with specific challenges e.g. related to representativeness of the included sample 
and individual animal identification. The aim of the presentation is to give an overview of the history of 
veterinary cancer registration, as well as to present an outline of current efforts in this field and discuss future 
challenges. The inventory of active registries is based on a recent workshop on canine cancer registration 
hosted at the Norwegian School of Veterinary Science in Oslo, Norway. Since the first population-based 
veterinary cancer registry was established in California in the 1960ies several others have been founded, 
but have mostly been short-lived. Current efforts to record cancer occurrence among companion animals 
are predominantly hospital- (or diagnostic laboratory-) based. Proportional measures of disease frequency 
can be estimated based on such registries, and the case-series have also been successfully used as a basis 
for case-control studies. Other important sources of information on canine cancer are presented, including: 
animal insurance data, tumor banks, and necropsy data. In summary, there appears to be a trade-off between 
quality of the diagnostic information included and representativeness regarding the background population. 
Future challenges are discussed and include issues relating to harmonization of diagnostic coding, defining 
the population-at-risk, individual animal identification and data quality.
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The reliability of a survey for cat owners/caregivers regarding their cat’s socialization to humans
Slater, M.1, Miller, K.1, Weiss, E.1, Mirontschuk, A.1 and Makolinski, K.2, 1American Society for the 
Prevention of Cruelty to Animals, Shelter Research & Development, USA, 2American Society for the 
Prevention of Cruelty to Animals, Veterinary Outreach, USA; margaret.slater@aspca.org

Animal shelters and rescue groups accept cats with unknown backgrounds and have to determine if the cat 
is unsocialized to humans or if the cat is socialized but too frightened to show normal behavior. Adoptability 
and euthanasia decisions often depend upon how well-socialized the cat appears to be. However, no validated 
methods of determining socialization status exist. A survey (CS) was designed for cat owners, fosterers and 
caregivers to report cats’ behavior towards people in their normal environments. Respondents rated cats’ 
behavioral propensities in various situations from 0 (never) to 10 (always). An overall socialization score 
(OSS) was calculated as the median of these ratings. Two sanctuaries with long term resident cats were 
studied. Two caregivers independently completed the CS for each cat (inter-rater reliability) and repeated it 
one month later for the same cat (test-retest reliability). At one sanctuary 2 staff caregivers rated 31 cats each. 
At the other sanctuary 36 staff and volunteer caregivers with 48 unique pairings rated 54 cats (inter-rater) 
and 48 cats (test-retest). Spearman correlation coefficients and 95% confidence intervals were calculated 
for each question and the OSS. Inter-rater and test-retest agreement was higher at the first sanctuary (0.71-
0.98) than the other (0.21-0.85). Inter-rater correlations were <0.5 for questions about cat’s reaction to a new 
place, reaction to caregiver approaching while cat eats, cat’s activity level and cat staying near caregiver. 
Test-retest correlations were <0.5 for questions about reaction to caregiver approaching while cat eats and 
cat’s response to an unfamiliar person arriving. The OSS had high inter-rater and test-retest correlations at 
both sanctuaries (0.81-0.99). The CS shows promise as a reliable instrument to assess cats’ socialization 
to humans.

Attitudes to and opinions of neutering in dogs: a survey of veterinary surgeons and nurses
Adams, V.J., Veterinary Epidemiology Consultant, United Kingdom; vetepi@vickijadams.co.uk

Most of the literature pertains to the advantages, disadvantages and prevalence of surgical neutering in 
dogs with little research or emphasis on other options. A survey on canine reproduction was commissioned 
by Virbac Animal Health UK in December 2009 in order to obtain information from veterinary surgeons, 
veterinary nurses and the general public. The aim was to gather information on perceptions about canine 
neutering by questioning respondents about their attitudes to and opinions of neutering options and 
alternatives to surgery. An on-line survey was conducted over an 8-week period from March-May 2010 
using SurveyMonkey. An invitation to participate was placed on AnimalOracle.com, and was sent via e-mail 
to all members of vetsurgeon.org and press releases were also sent out. Questionnaire items were attitude 
statements with a 5-point Likert scale of agreement: Strongly agree, Agree, Disagree, Strongly disagree 
and No opinion. Examples include: ‘I believe that surgical castration reduces the likelihood of occurrence 
of certain medical conditions later in life’ and ‘Temporary medical castration is an option when an owner 
cannot decide whether to have their dog permanently castrated with surgery’. Cross-tabulations and Fishers 
exact tests were used for categorical variables including type of respondent (gender, dog owner or not). 
Non-parametric Wilcoxon rank sum tests for 2 independent samples or Kruskal-Wallis analysis of variance 
(AOV) for more than 2 independent samples was used to examine differences in the distribution of responses 
by type of respondent. There were 681 respondents, 60% (411) of which were veterinary surgeons (VS). The 
results of analysis of the 411 responses from VS will be presented. The results of this survey suggest that 
there is some awareness of the various alternatives to surgical neutering, although perhaps not as wide as 
desired. This survey has produced some interesting and useful results that can be used to educate veterinary 
professionals and the public.
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Demography and management of British horses, 2009-2011
Ireland, J.1, Wylie, C.1, Collins, S.2, Verheyen, K.3 and Newton, R.1, 1Animal Health Trust, United Kingdom, 
2School of Veterinary Science, Queensland, Australia, 3Royal Veterinary College, United Kingdom; 
jo.ireland@aht.org.uk

The equine population of Great Britain (GB) is estimated at over one million, yet data regarding demographic 
characteristics are limited. This study aimed to describe the demographics and assess seasonal and 
geographical variations in management of the British horses. A cross-sectional study was conducted, using 
a postal questionnaire survey of randomly selected horse owners registered with 30 veterinary practices 
in GB. 797 questionnaire responses were received. Median age of animals was 13 years; 56% were male; 
33% were ponies (≤147.3 cm) and the most common breeds were Thoroughbred (TB)/TB-cross (25%) and 
Welsh/Welsh-cross (17%). Most animals (87%) were kept at or within 10 km of their owners’ home premises. 
Only 4% were stabled 24 hours/day, with a greater proportion stabled full time in winter compared to other 
seasons (P<0.001). Duration of stabling differed between seasons (P<0.001) but not geographically. Most 
(92%) had access to pasture (median 91 hours/week), with seasonal and geographical variation in pasture 
turnout (both P<0.001). Most animals received forage (83%) and concentrate feeding (86%). Retired animals 
and ponies less frequently received any supplementary feed and feeding practices varied seasonally. The 
majority of animals were used for pleasure riding (61%) and 18% were used primarily for competition, with 
geographic variation in proportions participating in certain ridden disciplines. Animals were exercised for 
a median of 5 hours/week. In the 7 days, 22% had been transported by vehicle, for a median of 35 minutes, 
with seasonal variation in distance travelled and journey time (P=0.01). Demographic characteristics of this 
study population are similar to previous descriptions of the GB equine population. Seasonal and geographical 
variations in feeding and management practices were identified, and primary use and management differed 
for horses and ponies, which will be relevant in the investigation and management of diseases.

Relinquishment Factors Afecting Stray Dog Population in Urban Fragments
Guilloux, A.G.A.1, Panachão, L.I.1, Alves, A.J.S.1, Zetun, C.B.1, Borba, M.R.2, Braga, G.B.1 and Dias, R.A.1, 
1University of São Paulo, VPS, Brazil, 2University of Brasilia, Brazil; aline.gil@usp.br

The stray dog’s population has been a problem in modern society and raises discussion on different issues 
like animal welfare, environmental responsibility and public health matters such as dogs bites, zoonosis and 
traffic accidents. Sao Paulo is a city with eleven million inhabitants and a population of owned dogs around 
2.5 million animals. There are no surveys on the distribution of the population of stray dogs and this affects 
any plan of intervention. In this work, the problem was addressed from the standpoint of relinquishment’s 
probability and environmental carrying capacity. A score was created with thirteen variables out of known 
risk factors for relinquishment. The data was grouped by district and classified in to three categories 
(terciles). A convenience sample of six areas was defined (two of each category), chosen to be small and 
isolated areas, liable to go through on foot. The number of animals was estimated by the pseudo capture 
method, using photos and notes to identify the animals. Simultaneously, a questionnaire was administered 
in a systematic random sample of households in each area. Of the six visited areas, only two had dogs 
roaming in the streets, and only one seemed to have a resident stray population. The score was not as good 
to predict the presence of stray dogs as the degree of human-dog proximity and environmental factors were. 
Intervention on these factors through encouraging responsible ownership and enhancing garbage collection 
could be a solution to gradually reduce the population of stray dogs.
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Populational coverage of mass vaccination against rabies in São Paulo
Guilloux, A.G.A.1, Souza, V.A.F.1, Solorio, M.R.1, Cassenote, A.J.F.2, Alves, A.J.S.1, Zetun, C.B.1, Santos, 
R.B.1 and Dias, R.A.1, 1University of São Paulo, VPS, Brazil, 2Regional Bord of Medicine of São Paulo, 
Brazil; aline.gil@usp.br

Rabies is an important zoonosis that affects almost all mammals and has wide geographical distribution, with 
a lethality of 100% in humans with clinical signs. Despite of its reservoir in Brazil being bats, the occurrence 
of human cases was more related to the contact with rabid dogs and cats. The authorities implemented in 
1968 a prophilatic program and with capture of strays and public vaccination campaigns for companion 
animals, since 1983 the city of São Paulo did not register an autochthon case of animal rabies. In 2010 
the mass vaccination was suspended due to technical difficulties and was not resumed since. In this work, 
we aimed to determine the vaccination coverage in the year of 2007, prior to the sudden interruption of 
campaigns. We used data of population size and distribution and proportion of that population that looked 
for vaccination in private clinics and compared with the vaccination points location given by the authorities. 
We assumed homogeneous distribution of the population in each study area (districts), after excluding 
water bodies and forest, and assumed the range of vaccination points to be similar to those of Guarulhos, 
observed in the 2000 campaign. With the median range of coverage, the mass vaccination campaign would 
reach 1,329,230 dogs and 329,166 cats, which added to the 698,947 dogs and 128,802 cats vaccinated in 
private clinics makes estimated vaccination coverage of 84% of dogs and 83% in cats. It is important to 
notice that 66%of vaccinated dogs and 72%of vaccinated cats would have received the vaccine in the public 
campaign. That data shows clearly the impact on vaccination coverage of the interruption of the campaign. 
Considering that immunity may last around 3 years and that we still have positive isolation in the city bat 
population, the lack of effective public vaccination since 2009 is the a possible cause of a new rabies case.

Comparison of prevalence of feline leukemia and immunodeficiency viruses in feral cats on the San 
Francisco peninsula, 2001-2003 and 2005-2007
Edinboro, C.H., Exponent, Inc., Health Sciences, USA; cedinboro@exponent.com

Peninsula Humane Society’s spay/neuter clinic provides discounted or free services for feral cats in San 
Mateo County, a mixed suburban and rural county of 700,000 people south of San Francisco. If cats receiving 
free services test positive for feline leukemia virus (FeLV) or feline immunodeficiency virus (FIV), they 
are euthanized. Some colony caretakers objected to this policy, prompting this study to determine the 
prevalence of FeLV and FIV among feral cats presented to the clinic. Between 2001 and 2003, 28 of 1772 
(1.6%) and 85 (4.8%) cats tested positive for FeLV and FIV, respectively. FeLV-positive results among 
male cats ranged from 0.6% to 3.3%; females had similar results. FIV-positive results ranged from 7.8 to 
8.2% for males and 1.7% to 2.6% for females (P<0.01 for each year). These proportions did not decrease 
during this first 3-year period. Overall, the prevalence of FIV was higher, and for FeLV was lower, compared 
with other U.S. studies. From 2005 through 2007, 22 of 1846 (1.2%) and 107 (5.8%) cats tested positive 
for FeLV and FIV, respectively. FeLV-positive results among male cats ranged from 0.7% to 2.5%. For 
females, FeLV-positive results were significantly fewer in 2006 (P=0.01). FIV-positive results ranged from 
9.5 to 13.0% for males and 1.1% to 2.6% for females (P<0.01 for each year). Male cats were more likely to 
be FIV-positive in the later 3-year period (P=0.3). Feral cats from certain cities in San Mateo County were 
more likely to be positive for these diseases in both 3-year periods. Efforts at neutering of feral cats, and 
thus disease reduction, have been focused in communities where FeLV and FIV prevalences are highest. 
Curiously, FIV prevalence for males has increased in spite of increased spay/neuter opportunities in the area 
(P=0.03 for trend). This trend has been reported elsewhere, and raises questions regarding the best way to 
control this disease in free-living, community cats.
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A nested case-control study to identify risk factors for recurrent colic
Scantlebury, C., Archer, D., Proudman, C. and Pinchbeck, G., Institute of infection and global health, 
University of Liverpool, United Kingdom; claire.scantlebury@liverpool.ac.uk

A nested case-control design was used with cases and unmatched, randomly selected controls selected from 
a previous longitudinal cohort study of 127 horses recruited via first opinion equine veterinary surgeons 
subsequent to an episode of medical colic. Telephone questionnaires at 4 monthly intervals collected data 
on risk factors and on recurrence of colic. All recurrent colic episodes were selected as cases and the data 
relating to 30 days prior to the colic were used to determine exposure status. Three controls per case were 
randomly selected from all horse time at risk. Multivariable logistic regression analyses were used to 
determine risk factors for recurrence of colic with a random effect term for ‘horse’. In total 59 recurrent 
colic episodes and 177 controls were included. The final model showed that horses that displayed crib-
biting/windsucking behaviour (CBWS), weaved, had reduced access to pasture and were fed probiotics had 
an increased risk of colic. Fruit/vegetables as part of the diet appeared to have a protective effect against 
recurrence. A significant interaction was found whereby the risk associated with CBWS was modified by 
feeding fruit and vegetables. The use of a nested case-control design within the cohort study enabled capture 
of time-varying exposures. In contrast to previously published case-control studies on colic the exposures 
were recorded prior to becoming a case. Recurrent colic is a risk for horses that have experienced a medical 
colic and the study findings provide evidence to support approaches to colic prevention. The behavioural 
risk factors identified may highlight individuals at higher risk for recurrent colic whose colic prevention 
strategies should be carefully managed.

Associations between exercise and joint injury in Thoroughbred racehorses in training
Reed, S.R.1, Jackson, B.1, Wood, J.L.2, Price, J.S.3 and Verheyen, K.L.1, 1Royal Veterinary College, 
Veterinary Clinical Sciences, United Kingdom, 2University of Cambridge, Veterinary Medicine, United 
Kingdom, 3University of Bristol, School of Veterinary Sciences, United Kingdom; kverheyen@rvc.ac.uk

This study aimed to identify exercise-related risk factors for carpal and metacarpo-/tarsophalangeal (MCP/
MTP) joint injury occurrence and progression in young Thoroughbreds in flat race training. In a 2-year 
prospective cohort study, daily exercise and joint injury data were collected from horses in 13 training yards 
in England. Four injury categories were defined: (1) localised to a carpal or MCP/MTP joint based on clinical 
examination and/or use of diagnostic analgesia, no diagnostic imaging performed (n=21); (2) localised to 
a carpal or MCP/MTP joint, no abnormalities detected on diagnostic images (n=21); (3) evidence of an 
abnormality of subchondral bone and/or articular margin(s) identified using diagnostic imaging (n=72); 
(4) evidence of discontinuity of the articular surface identified by diagnostic imaging (n=70). Survival 
analysis using Cox regression was used to identify risk factors for injury type, category and progression. 
647 horses spent 7,785 months at risk of joint injury and 184 injuries were recorded (82 carpal, 102 MCP/
MTP injuries). Increasing distances cantered in short periods were associated with a decreased risk of 
sustaining any joint injury, Category 1, 2 and 3, and MCP/MTP injuries. Greater canter distances in 30 
days increased the risk of Category 4 injury. Risk of Category 1 injury increased with increasing distances 
of weekly high-speed exercise. MCP/MTP injury risk increased with accumulation of canter or high-speed 
exercise since entering training. Progression of joint injury was associated with increasing exercise distances 
in short time periods and medical treatment. In conclusion, modifications to exercise regimens could reduce 
joint injury occurrence and progression. The use of medication in horses with joint injury clearly requires 
further research.

Poster topic 03 Poster 32

Poster topic 03 Poster 31



254 ISVEE – Book of Abstracts 2012

An epidemiological investigation of the African horse sickness (AHS) outbreak in the AHS surveillance 
zone of the Republic of South Africa during 2011
Grewar, J.D.1, Weyer, C.2, Davey, S.1, Guthrie, A.J.2 and Koen, P.1, 1Veterinary Services, Western Cape Dept. 
of Agriculture, South Africa, 2Equine Research Centre, University of Pretoria, South Africa; 
jdgrewar@gmail.com

African horse sickness (AHS) is an insect-borne (Culicoides spp.), highly fatal disease of horses caused 
by African horse sickness virus (AHSV). Four AHS control zones occur within the Republic of South 
Africa (RSA) and the outbreak investigated occurred within the AHS surveillance zone (AHS SZ) within 
the Western Cape Province of RSA. Outbreaks of AHS have occurred within the surveillance zone in the 
past, the most recent occurring in 1999 and 2004. The outbreak of AHS serotype 1 described here occurred 
between February and May 2011, which is during the late summer and autumn months and corresponds 
with the period of highest appropriate vector activity. The outbreak began in the small informal settlement 
of Mamre in the AHS SZ. The community keeps horses in communal grazing areas outside of the town 
with some animals roaming free within the town’s confines. The initial detection was based on clinical and 
post mortem signs associated with acute AHS. The outbreak most affected Mamre but there were cases in 
other small settlements within a 20 km radius. In total there were 72 confirmed cases during the outbreak 
and a location specific incidence of the disease within Mamre itself reached 0.17 (95% conf. 0.13-0.22) 
as 56 of the cases occurred in this area. Total outbreak case fatality rate was 0.89 (95% conf. 0.79-0.95). 
Control measures implemented during the outbreak included equine owner education, movement control 
in the district and a ring vaccination campaign with OBP polyvalent AHS bottle 1 vaccine containing AHS 
serotype 1. The vaccination campaign influenced the extent and impacts of the outbreak and an estimated 
95% coverage of equines was attained. The source of the outbreak was never confirmed although it is thought 
to be as a result of an unreported movement into the surveillance zone.

Tail injuries in working dogs in Scotland
Lederer, R., Bennett, D., Cameron, N. and Parkin, T.D.H., University of Glasgow, School of Veterinary 
Medicine, United Kingdom; tim.parkin@glasgow.ac.uk

The pre-emptive docking of dogs tails to reduce the risk of injury remains a controversial issue in the UK. 
In 2007, England, Wales and Scotland introduced a ban on non-therapeutic docking of dogs’ tails. England 
and Wales introduced exceptions for certain working breeds and working breed types, such as dogs destined 
to be used for shooting, whereas Scotland opted for a complete ban on all non-therapeutic docking. The 
Scottish Government made a commitment to examine the evidence on the effect of this all inclusive ban 
some years after the original decision. As part of that review we have conducted research with the following 
broad aims: (1) estimate the prevalence of tail injury in working dogs and working dog breeds which have 
been docked to different lengths; (2) identify risk factors for tail injury in working dogs in Scotland. We 
conducted three studies to address these aims: an online survey; examined clinical veterinary records; and a 
prospective case-control study. This abstract briefly describes the results of the online survey. The incidence 
of owner reported tail injury varied significantly with respect to breed and tail length. Spaniels and Hunt 
Point Retreivers were significantly more likely to incur a tail injury, while working, than other working 
breeds (P<0.001). Compared to undocked tails or tails that had just had the tip removed, docking by one-
third, half or short was associated with a significant reduction in the likelihood of tail injury (P≤0.001). 
There was no significant difference in the likelihood of tail injury between dogs that had tails docked by 
one-third, half or short. These results indicate that docking by one-third may be sufficient to provide the 
maximal reduction in the likelihood of tail injury in working dogs and that docking to a shorter length may 
be of no significant extra benefit in terms of preventing future injury. The authors gratefully acknowledge 
the Scottish Government for providing the funding for this project.
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Managing the risk of antimicrobial resistance by maximising the use of the available evidence
Stärk, K.D.C. and Reid, S.W.J., Royal Veterinary College, Veterinary Clinical Sciences, United Kingdom; 
kstaerk@rvc.ac.uk

Antimicrobial resistance is a public health issue of increasing global relevance. In Europe, risk management 
decisions related to the use of antimicrobials in food animals are shared between the European Commission 
(EC) and The European Medicine Agency (EMA). Risk assessments are conducted by EMA, the European 
Centre for Disease Control (ECDC) and the European Food Safety Authority (EFSA). Whilst, in Europe, 
the use of antimicrobials as growth promoters has been banned since 2006, the EC has recently published 
a risk management action plan. One element of the plan is the promotion of ‘prudent use’ principles. 
Another key suggestion is improvements in the monitoring of resistance development. Data are currently 
collected by EMA from EU Member States (MS) on the amount of antimicrobials sold for veterinary use. 
Also, annual reports on trends in resistance are being collated for zoonotic and indicator bacteria by ECDC 
and EFSA. However, appropriate surveillance must be part of a mitigation strategy in order to achieve 
economic benefits. Surveillance conducted as a stand-alone activity is not an effective risk management 
measure. Surveillance should rather provide feedback on the impact of mitigation activities. Examples exist 
that demonstrate that data on antimicrobial usage and resistance are mainly used descriptively. However, 
there is potential for these data to feed into a larger risk assessment framework, for example, as part of 
post-licensing pharmaco-vigilance. Currently, a formal feedback loop linking usage data with resistance is 
not established nor is the prevalence of resistance linked to possible interventions, such as limiting the use 
of a substance or its withdrawal. In only a few cases are monitoring data utilised as part of a risk mitigation 
decision. Here we present the current gaps in utilising antimicrobial usage and resistance data and present 
a roadmap for the development of an integrated framework that would permit more complete utilisation 
of the available data.

The antimicrobial resistance learning site for veterinary students
Bartlett, P.C., Michigan State University, College of Veterinary Medicine, USA; Bartlett@cvm.msu.edu

Recognizing the crucial role of veterinarians in mitigating antimicrobial resistance (AMR), the U.S. Centers 
for Disease Control and Prevention (CDC) funded the development of a suite of multimedia, open-access, 
web-based educational materials to promote responsible veterinary use of antimicrobials. The website 
was completed in early 2011, and is now publicly available at http://www.amrls.msu.edu. The modular 
organization allows for convenient integration into existing veterinary courses and for use as homework. Pre-
clinical modules cover basic topics regarding antimicrobials, mechanisms of resistance, spread of AMR, and 
ways in which AMR impacts animal and public health. Largely through presentation of basic foundational 
information, case-studies, and examples, the AMRLS helps teach veterinary students to assess and balance 
competing stakeholder interests and arrive at treatment plans for selected clinical presentations where 
antibiotic conservation may be possible. Presentations utilize varied learning formats such as animations, 
audiovisual lectures, case-based presentations, graphic illustrations, interactive quizzes and videos. Modules 
are also downloadable as PDF files for those who prefer to study hard copies or need to review learning 
materials offline. Questionnaires, documentation, and analytics were used to determine user feedback, 
describe marketing and promotional activities, characterize the site traffic, and determine whether AMRLS 
improved veterinary student attitudes, normative behavior, perceived control, and intentions in practicing 
prudent antimicrobial usage in the future. This initial evaluation showed that the AMRLS can be an effective 
resource for teaching veterinary students about AMR.
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The use of antibiotics in livestock: pilot study ‘VetCAb’
Merle, R.1, Ottilie, H.2, Van Rennings, L.1, Käsbohrer, A.3 and Kreienbrock, L.1, 1University of Veterinary 
Medicine, WHO-Centre Veterinary Public Health, Department of Biometry, Epidemiology and Information 
Processing, Germany, 2Veterinary Faculty of Universität Leipzig, Department of Pharmacology, Pharmacy 
and Toxicology, Germany, 3Federal Institute of Risk Assessment, Germany; roswitha.merle@tiho-hannover.de

Similar to other European countries in Germany the use of antibiotics in livestock husbandry shall be 
registered. In order to establish a monitoring system a feasibility study was carried out in 2007 and 2008 
that tested a data collection and evaluation concept. This project is continued by a pilot study in 2011 and 
2012 which aims at evaluating representative data in farms and veterinary practices. In this pilot study, every 
use of antibiotics in pigs, cattle and poultry is registered retrospectively (one year) via the veterinarians’ 
official application records. Data are pseudonymised and stored in a central database. Agricultural structures 
of German districts are analysed in order to choose a representative sample of farms and practices. The 
analyses concentrate not only on the amount of drugs used, but also on the number of applications and the 
estimation of the average number of application per animal within a farm or within a region. Furthermore, 
the use of different substances, indications, treatment duration and change of substances are analysed. As 
the use of antibiotics is linked to the selection for resistant bacteria, possible hazards regarding the use 
of antibiotics will be addressed in the discussion. This includes the identification of important aspects of 
antibiotic use (treatment duration, formulation, substances concerning human health, etc.) as well as possible 
measures to reduce the need of antibiotic treatment. On the conference the progress of the study as well as 
first results will be presented.

Molecular epidemiology of pig-associated ST398 MRSA in Scotland
Gibbons, C.L.1, Girvan, E.K.2, Chase-Topping, M.E.1, Edwards, G.F.2 and Woolhouse, M.E.1, 1University of 
Edinburgh, Centre of Infectious Diseases, United Kingdom, 2Scottish MRSA Reference Laboratory, United 
Kingdom; C.L.Gibbons@sms.ed.ac.uk

ST398 is a major pig-associated methicillin-resistant Staphylococcus aureus (MRSA) lineage in Europe. 
It is of great interest in terms of animal wellbeing, livelihood, economy, and also for the potential risk 
of transmission to humans and within human populations. This latter example of transmission known as 
zoonotic MRSA (also as livestock- or farm-associated MRSA (LA- or FA-MRSA)) is becoming increasingly 
prevalent in Europe as the incidence of MRSA in livestock increases. It most commonly affects those that 
work closely with livestock and domestic animals including farm workers and veterinary staff but it can 
also spread to their families and potentially the wider community. In the 2010 EFSA report on MRSA in 
breeding pig holdings in Europe, no MRSA was found in breeding pigs in the UK. Despite this, ST398 has 
been found in human public health data in Scotland. The question remains as to the origin of the strain in 
Scotland. Here, using tools in molecular epidemiology and evolutionary genetics, we investigate whether 
these isolates were likely zoonotic in origin and if they have likely been imported from abroad or have 
evolved locally from methicillin-sensitive Staphylococcus aureus (MSSA) strains.
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Belgian veterinary surveillance of antimicrobial consumption report 2010
Dewulf, J.1, Van Steenwinkel, S.1, Laurier, L.2 and Minne, D.2, 1Ghent University, Faculty of veterinary 
Medicine, Belgium, 2Federal Agency for Medicines and Helath products, Belgium; jeroen.dewulf@ugent.be

This second BelVetSAC report, covers the data on veterinary antimicrobial consumption in Belgium in 
the year 2010. Data consist of all veterinary antimicrobials sold to a veterinarian or pharmacist and of 
antimicrobial premixes incorporated in medicated feed for the year 2010. It includes thus consumption data 
for farm animals as well as companion animals. The denominator for animal production was the biomass 
(in kg) calculated as the sum of the amount of beef, pork and poultry meat produced, plus the number 
of dairy cattle present in Belgium. The overall evolution in total tons of active substance (antimicrobial 
pharmaceuticals + antimicrobial premixes) shows a slight decrease of 1.6% from 2009 to 2010. The use 
of antimicrobial pharmaceuticals has decreased with 5.2%, however the use of antimicrobial premixes has 
increased with 16.3%. These evolutions are a confirmation of the trend already seen between 2008 and 
2009. When looking at the antimicrobial use in function of the biomass a comparable evolution is observed 
with a decrease of antimicrobial pharmaceuticals of 9.0% and an increase of antimicrobial premixes of 
11.6%, resulting in a total decrease of antimicrobials used per kg biomass present of 5.6%. The opposite 
evolution in use between pharmaceuticals and antimicrobial premixes is likely to be the result of a shift in 
use from on farm applied pharmaceuticals to in feed administered premixes. The most applied antimicrobial 
classes are the sulphonamides and trimethoprim (89 tons, 29.7%) followed by the penicillines (80 tons, 
26.7%) and the tetracyclines (74 tons, 24.7%). Although these data show a favorable evolution towards a 
decreased antimicrobial consumption they also show that the reduction is limited in comparison to several 
other European countries with comparable animal production systems. These results reemphasize the need 
for vigorous actions directed to all stakeholders, towards a reduced use of antimicrobials.

The use of informatics to describe patterns of antimicrobial use by companion animal veterinarians
Anholt, M.1 and Stephen, C.1,2, 1University of Calgary, Canada, 2Centre for Coastal Health, Canada; 
rmanholt@ucalgary.ca

Increasing antimicrobial resistance among the common enteric pathogens such as Campylobacter, 
Salmonella, Bacteroides, Helicobacter, Clostridium, and Giardia has diminished the clinical utility of some 
antimicrobials in human and veterinary medicine. There a growing number of case reports demonstrating 
that people can share multidrug resistant bacteria with their pets but there have been minimal investigations 
into the diagnostic and treatment regimes in companion animal medicine that can contribute to antimicrobial 
resistance. The antimicrobial use data that is necessary to estimate the strength of association between 
antimicrobial use and antimicrobial resistance have not been available. A data extraction program was 
developed and installed at 12 computerized sentinel companion animal practices in the city and the 
surrounding rural communities of Calgary, Canada. Data was collected from January 1, 2007 to Dec 
31, 2009. The extracted data was integrated and stored in a data warehouse for analyses. A linguistics-
based text mining program was used to automatically encode and extract cases of diarrhea. There were 
13,063 cases with a complaint of diarrhea. It was determined that 37% of the cases were treated with 
antimicrobials and 97% of the prescribed antimicrobials are considered of very high importance for treating 
life-threatening infections in humans (Nitroimidazoles, Penicillin β-lactam inhibitors, 3rd and 4th generation 
Cephalosporins and Fluorquinolones). In the group that was treated with antimicrobials 34% had diagnostic 
testing performed and 15% had a positive etiological finding. The empirical treatment of cases of diarrhea in 
pets has resulted in the substantial use of antimicrobials also important in the treatment of human infections. 
Surveillance of the antimicrobial resistance profiles of commensal and pathogenic bacteria from pet fecal 
samples is advocated.
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Spatial description of Escherichia coli, Salmonella sp. and Pseudomona aeruginosa antibiotic resistance 
findings in livestock in southern Chile in 2010-2011
Navarrete-Talloni, M.J.1, Hamilton-West, C.2 and Hervé-Claude, L.P.3, 1Faculty of Veterinary Medicine, 
Austral University of Chile, Institute of Animal Pathology, Chile, 2Faculty of Veterinary Science, University 
of Chile, Department of Preventive Veterinary Medicine, Chile, 3BALVI Chile Ltda, Chile; 
luis-pablo.herve@balvi.cl

Antimicrobial resistance (AR) is one of the most important issues in animal and human health worldwide. 
AR means the full or partial resistance to antibiotics acquired by some pathogens, especially bacteria. The 
overuse of antibiotics in domestic animals and crops is considered as one of the main causes of AR, together 
with overprescription by medical doctors and improper use by patients. The OIE provides methodologies 
and recommendations to appropriately address the emergence and spread of resistant bacteria, recognizing 
as a key element, the development of antimicrobial resistance surveillance and monitoring programmes. 
The aims of this study were to describe the AR of the most relevant pathogens in Southern Chile´s livestock 
production and to spatially characterize these findings. In this study, 50 animal registers were found to have 
antibiograms in their files. All the relevant information associated with these animals was collected and 
analyzed. AR was found in 25 samples of Escherichia coli (50%), 14 (28%) of Salmonella sp. and in 11 
(22%) of Pseudomona aeruginosa. From all the different antibiotics tested, the most resistance was found 
for amoxicillin-clavulamic acid (78%, 39 samples) and oxytetracycline (73%, 35 samples), whereas the 
most sensitive antibiotics where found to be cefoperazone (4%, 1 sample) and gentamicin (4%, 2 samples). 
Moreover, all these samples had shown patterns of multeristance. All these cases where geographically 
referenced and the spatial distribution is provided. The AR status needs to be monitored and these findings 
should be used to help veterinary practitioners, veterinary authorities and public health authorities to improve 
the responsible and effective use of antibiotics.

Quantification of antimicrobial usage in farm animals: ABcheck a free online web application
Postma, M., Persoons, D., Maes, D. and Dewulf, J., Ghent University, Faculty of Veterinary Medicine, 
Belgium; merel.postma@ugent.be

Knowing the magnitude of antimicrobial usage in a herd is of great importance to implement changes and 
focus on prudent use. To quantify antimicrobial usage on pig, poultry and turkey farms an ‘antibiotic check’ 
scoring system has been developed. From June 2011 onwards the system is freely available online (www.
ABcheck.ugent.be) in Dutch, English and French. A ruminant module is expected soon. ABcheck gives 
farmers, veterinarians and herd advisors the opportunity to calculate treatment incidences (TI), using herd 
specific data. Additional information is provided, for example if the antimicrobial is critically important 
according to the World Health Organization (WHO) or World Organisation for Animal Health (OIE). The 
system works totally anonymous. The only information that needs to be provided is the number of animals 
per production round, product, amount used and treatment duration. Herd specifics like production round 
duration and animal weight are prefilled, but can be adjusted. ABcheck can be used for prophylactic and 
curative treatments. Scores can be saved and reclaimed after registration. Benchmarking is visually done by 
showing a graph. The database behind the calculator consists of all antimicrobials registered in Belgium for 
specific animal categories. For each antimicrobial, the animal daily dose (ADD) was established by taking 
average dosage prescriptions from product leaflets. Factors for long acting antimicrobials were estimated 
from available scientific research papers. All used ADD’s can be found on the website. At the moment data 
from 20 reproduction, 69 piglet and 36 finisher herds, 47 broiler and one turkey flock are in the database. 
The database is dynamic. Newly saved data are added directly to the graphs. The graphs show a wide 
variety in antimicrobial usage amongst pig and poultry herds in Belgium, with treatment incidences from 
zero till 275 for reproduction animals, nearly zero to almost 1,800 for piglets, zero till 650 for finishers and 
50 till 500 for broilers.
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Center of expertise on antimicrobial consumption and resistance in animals AMCRA in Belgium
De Graef, E.1, Persoons, D.2, Mijten, E.3, Landuyt, C.4, Dejaegher, Y.5, Hoeven, E.5, Mainil, J.6 and Dewulf, 
J.7, 1AMCRA, Belgium, 2pharma.be, Belgium, 3Agrofront, Belgium, 4Orde der Dierenartsen, Belgium, 
5Bemefa, Belgium, 6Université de Liège, Belgium, 7Universiteit Gent, Belgium; evelyne.degraef@amcra.be

In view of the transmission risk of highly antibiotic-resistant strains between animals and humans, 
controlling resistance is essential to safeguard the future efficacy of antimicrobial agents in veterinary as 
well as human medicine.Therefore, a Center of expertise on Antimicrobial Consumption and Resistance 
in Animals (AMCRA) has been recently founded in Belgium by the Belgian Agricultural Organizations, 
pharma.be, the Order of Veterinarians, the Belgian Association of Compound Feed Manufacturers, the 
Faculties of Veterinary Medicine of Ghent and Liège, together with the Federal Agency for Medicines and 
Health Products and the Federal Agency for the Safety of the Food Chain. AMCRA has become operational 
from the 2nd of January 2012 and will propose guidelines to direct the whole animal industry towards a 
rational reduction of antimicrobial use. The mission of AMCRA is to collect and analyze all data related 
to antimicrobial use and resistance in animals in Belgium and to communicate the outcomes in a neutral 
and objective manner, in order to safeguard both public and animal health and welfare, and to achieve a 
durable policy of veterinary antimicrobial use in Belgium. The main objectives for the first working year of 
AMCRA are the establishment of national guidelines for antimicrobial use in food animals, the provision 
of autoregulatory measures in livestock production, the proposition of an antimicrobial consumption data 
collection system that allows accurate measurement and trend monitoring per animal species, and the 
development of information and awareness campaigns for veterinarians and farmers. To achieve these 
goals, working meetings will be organized ensuring maximal participation of all stakeholders involved. 
Only through concerted action, the challenging goals of this industry-wide and unique initiative can and 
will be met.

Identification of the best antimicrobial usage indicator for resistance analysis: an application to time 
series in poultry production
Chauvin, C., Fablet, C., Bal, V., Hejblum, B., Goffard, P.O., Sanders, P. and Jouy, E., Anses, France; 
christelle.fablet@anses.fr

The best antimicrobial usage indicator for the analysis of the relationship between animals antimicrobial 
exposure and resistant bacteria carriage has not yet been defined. To check for any differences between 
indicators (such as percentage of flocks exposed or amount of live weight treated) a joint time-series 
analysis of monthly data related antimicrobial usage and bacteria resistance in turkey and chicken broiler 
productions was carried out. As part of French monitoring programs, pathogenic Escherichia coli resistance 
towards 11 antimicrobials was studied and linked to corresponding antimicrobials usage expressed as (1) 
a percentage of flocks treated at least once; (2) a number of treatments recorded (standardized according 
to the corresponding number of flocks produced); and (3) the amount of live weight treated (standardized 
according to the corresponding amount of live weight slaughtered). SARIMA Box and Jenkins models 
were fitted. Criterions such as AIC, BIC and R², were secondly analysed to compare transfer function 
models performances and check for the ‘best’ antimicrobial usage indicator considering the strength of the 
relationship and the proportion of best models fitted. Results displayed significant relationships between 
usage and resistance trends, consistent across indicators. No obvious and unique ‘best usage indicator’ could 
be formerly identified as conclusions differed depending on the species studied. Other studies have to be 
performed and other criterion related to cost and feasibility of data collection will also have to be taken 
into account defining a ‘best indicator’.
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Antibiotic residues and antimicrobial resistance in cow manure
Carballo, M., Esperón, F., González, M., Vázquez, B., Iglesias, I. and De La Torre, A., CISA-INIA, 
Epidemiology & Environmental Health, Spain; irene_iglesias@yahoo.es

The usage of antibiotics in animal husbandry has dramatically increased the concentration of antibiotic 
residuals and has promoted the development and abundance of antibiotic resistance in manure and farm 
environments. The use of manure as fertilizer is a common agricultural practice. When the manure is spread 
onto agricultural land, both residues of antibiotics and bacteria carrying antibiotic resistance genes may be 
introduced into the environment. In this research, we isolated resistant gram negative bacteria from manure 
produced in two dairy and two feed cow farms, located in Madrid, Spain, to determine their resistance to 
seventeen representative antibiotics commonly used in veterinary therapy. Sampling was performed in 
winter and summer. The average bacterial densities were 6.85E+05 colony formation units (cfu)/ml (feed 
cow) and 2.80E+05 cfu/ml (dairy cow) in summer and 1.10E+06 cfu/ml (feed cow) and 2.03E+06 cfu/ml 
(dairy cow) in winter, respectively. The bacterial isolates were identified as: 22% Escherichia coli, 17% 
Comamonas testoteroni, 9% Pseudomonas aeruginosa, 8% Proteus vulgaris and 8% Serratia marcescens. 
They were found to be mainly resistant to tetracycline (68%), sulphamethoxazole (55%), ampicillin (52%), 
cephalothin (47%), chloramphenicol (44%), nalidixic acid (39%) and trimethroprim-sulphamethoxazole 
(32%). Additionally, we examined the presence of three tetracyclines in all manure samples with stable 
recoveries (76-82%) and high sensitivity (limit of quantification 0.015-0.03 μg/kg). The concentrations 
of tetracyclines detected (0.1-10 mg/kg) were consistent to the estimated tetracyclines levels in manure 
according to the excretion rate of these antibiotics and the livestock data and amount of tetracycline used 
in Spain. This work was financiated by S2009/AGR-1489 and RTA2010-00066-C02-01.

Identification of highlight areas for antibiotic soil accumulation and antimicrobial resistance in the EU
De La Torre, A., Iglesias, I., Carballo, M. and Muñoz, M.J., CISA-INIA, Epidemiology & Environmental 
Health, Spain; irene_iglesias@yahoo.es

Release of antibiotics into the environment through the agricultural reuse of animal manure is considered a 
cause of chronic environmental exposure that often leads to adverse ecotoxicological effects, as well as to 
the introduction of antibiotic-resistant bacteria into the environment. The vulnerability of soil to antibiotic 
contamination plays a major role in determining the extent of the contamination and the likelihood of 
the appearance of environmental effects. Understanding how soil vulnerability varies geographically, the 
resource allocation among surveillance programmes could greatly improve. This paper performs a risk 
analysis of the EU region for 12 antimicrobials by using a spatial assessment: (1) antibiotic release was 
estimated based on livestock density; (2) exposure was estimated based on antimicrobial soil contamination; 
(3) consequence was modelled based on soil uses; (4) risk was estimated by combining release, exposure 
and consequences using spatial multicriteria decision analysis (ArcGIS 9.3). The Getis-Ord Gi statistic was 
used to identify clusters of areas at high risk for antibiotic soil contamination. Enrofloxacin was the highest-
risk antibiotic in the EU, followed by tetracyclines, tylosin and sulfodiazine. The highest risk was found in 
Belgium, Ireland, Netherlands, Switzerland, Denmark, Germany and the UK. The results suggest that this 
methodology can be used successfully for evaluating the contamination potential of antibiotics over large 
areas with limited input data. This work is a preliminary step in the priorization of the use of veterinary 
medicinal products (VMPs). It represents a good way in guiding both, monitoring studies and antimicrobial 
surveillance programmes, and also to inform on the sustainable decision-making for interventions designed 
to mitigate the risk of VMPs. This work was financiated by S2009/AGR-1489 and RTA2010-00066-C02-01.
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Antimicrobial resistance of equine Salmonella isolates in the Northeastern United States (2001-2010)
Perkins, G.A.1, Cummings, K.J.2, Khatibzadeh, S.M.1, Siler, J.1, Warnick, L.D.1 and Altier, C.1, 1Cornell 
University, USA, 2Texas A&M University, USA; ldw3@cornell.edu

Our objectives were to describe the antimicrobial resistance status of equine Salmonella isolates from the 
northeastern U.S. and to identify trends in resistance over time. Data were collected retrospectively for all 
equine Salmonella isolates with antimicrobial minimal inhibitory concentrations (MICs) identified at the 
Cornell University Animal Health Diagnostic Center from January 1, 2001 to December 31, 2010. MICs 
of isolates were determined using the microbroth dilution method (TREK Sensititre). Data for 459 equine 
Salmonella isolates with MICs were retrieved (median of 45 isolates per year; range 20-83). The majority 
were from clinical submissions (feces) either from regional veterinarians or the Cornell University Hospital 
for Animals. Of 146 isolates that were serotyped, the most common serovars were Typhimurium (including 
the 5– variant; 32.2%), Oranienburg (23.3%), Holcomb (6.8%), Newport (6.8%), and Thompson (6.8%). 
Most isolates (98.4-100%) were susceptible to amikacin, enrofloxacin and imipenem. Cochran-Armitage 
tests showed a decreasing trend in resistance over time (P≤0.005) to amoxicillin/clavulanic acid (AUG), 
ampicillin (AMP), cefazolin, cefoxitin (FOX), ceftiofur (TIO), chloramphenicol (CHL) and tetracycline 
(TET). Increasing resistance was not found for any of the 16 drugs tested. There were 380 isolates tested 
for nine National Antimicrobial Resistance Monitoring System (NARMS) panel drugs. The most common 
resistance patterns were pan-susceptible (38.2%), AUG-AMP-FOX-TIO-CHL-TET (16.6%), AUG-AMP-
FOX-TIO-CHL-TET-Trimethoprim/sulfamethoxazole (SXT) (12.4%), AUG-AMP-FOX-TIO-CHL-TET-
SXT-Gentamicin (GEN) (11.3%), and AMP-TIO-CHL-TET-SXT-GEN (7.6%). Although antimicrobial 
resistance among equine clinical isolates did not increase for any drug and declined for several antimicrobial 
agents, multidrug resistance was common in the region with 60.5% of isolates showing resistance to two 
or more drugs on the NARMS panel.

Trends in antimicrobial susceptibility patterns of Staphylococcus aureus from bovine mastitis in Israel
Freed, M.1, Friedman, S.1 and Klement, E.2, 1Israel Dairy Board, Laboratory for Udder health and Milk 
quality, Israel, 2Hebrew university, Koret School of Veterinary Medicine, Israel; klement@agri.huji.ac.il

Staphylococcus aureus is a major bovine mastitis pathogen causing enormous economic losses in the dairy 
industry worldwide. Although in Israel major contagious pathogens like S. aureus are responsible for less 
than 3% of the isolates from individual bovine milk samples, considerable effort is made to control their 
prevalence and to monitor their antibiotic resistance. The laboratory for udder health and milk quality of 
the Israel Dairy Board performs antimicrobial susceptibility tests for udder pathogens by agar disc diffusion 
method (Kirby-Bauer) according to CLSI recommendations and with respect to an annual scheme. S. aureus 
isolates are tested against a panel of antibiotics, including penicillin, nafcillin, marbofloxacin, lincomycin 
and more. This data provides a good estimate of the antimicrobial susceptibility of udder pathogens on the 
national level and on the herd level. In the last decade the susceptibility results of S. aureus reveal interesting 
findings: there is a constant rise in the susceptibility to penicillin with only 51% susceptible isolates in 
1999 to more than 80% susceptible isolates in 2011. Different factors can contribute to this phenomenon 
including antimicrobial usage on the farms. Data collected from 2000 to 2011 includes 4,174 penicillin-
antibiogram results for S. aureus. In a logistic regression model the adjusted odds ratio (OR) for penicillin 
resistance was 1.4 for isolates from Moshav (family farms) compared to Kibbutz (cooperative farms) (95% 
CI 1.3-1.6) whereas the OR for sub-clinical isolates compare to clinical mastitis isolates was 1.3 (95% CI 
1.1-1.5). Other significant factors were the parity of the cow (resistance of heifer’s isolates was 1.5 times 
less compared to adult cows), the herd size (higher resistance in smaller herds) and the geographic region 
in the country. The results of this study indicate that antibiotic resistance is influenced by environmental 
and human associated factors.
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Antimicrobial usage and antimicrobial resistance on veal calf farms in the Netherlands
Bosman, A.B.1, Wagenaar, J.A.1,2, Stegeman, J.A.1, Vernooij, J.C.M.1 and Mevius, D.J.1,2, 1Faculty of 
Veterinary Medicine/ Utrecht University, Netherlands, 2Central Veterinary Institute of Wageningen UR, 
Netherlands; A.B.Bosman@uu.nl

Antimicrobial drug use is considered to be the major risk factor for development of resistance in the intestinal 
flora of food producing animals. The aim of our study was to determine the prevalence of resistance to 
5 common used antimicrobials within veal calf herds and to investigate the influence of administered 
antimicrobial drugs throughout the fattening period within these herds on the resistance levels. In total 50 
veal calf fattening farms were visited approximately 2 weeks before slaughter. Per farm, faecal samples 
from twenty veal calves were collected manually per rectum and prepared into one pooled sample. From this 
pooled sample 90 Escherichia coli isolates were tested for their resistance to 25 mg/l amoxicillin, 25 mg/l 
tetracycline, 0.5 mg/l cefotaxime, 0.125 mg/l ciprofloxacin and 8/152 mg/l trimethoprim-sulfamethoxazole 
(tmp/s). Data on antimicrobial usage during the fattening period on the sampled farms were collected by 
the Agricultural Economics Institute of Wageningen UR (LEI), and provided as the animal daily dosage per 
production cycle (ADD/pc). Logistic regression analysis showed that administration of fluoroquinolones was 
associated with a significant higher odds of resistance to ciprofloxacin (OR 1.89, P<0.05), administration of 
penicillines was associated with a significant higher odds of resistance to ciprofloxacin (OR 3.73, P<0.05) 
and tetracycline (OR 2.35, P<0.05) the administration of tetracyclines was significantly associated with 
tetracycline resistance (OR 3.40, P<0.05) and the administration of tmp/s was significantly associated 
(P<0.05) with a higher odds on resistance to amoxicillin (OR 3.34), tetracycline (OR 3.09) and tmp/s (OR 
3.35).

In vitro screening for antibacterial activity of lactic acid bacteria against Campylobacter jejuni and 
applying a selected Enterococcus faecalis strain in a broiler seeder experiment
Robyn, J.1, Rasschaert, G.1, Messens, W.2, Pasmans, F.3 and Heyndrickx, M.1,3, 1Institute for Agricultural 
and Fisheries Research (Ilvo), Technology and Food Science Unit, Belgium, 2EFSA, Italy, 3Ghent University, 
Veterinary Faculty, Belgium; Geertrui.Rasschaert@ilvo.vlaanderen.be

Human campylobacteriosis is mainly caused by consumption of Campylobacter jejuni contaminated broiler 
meat. Lowering the C. jejuni excretion and external contamination of broilers prior to slaughter can lead 
to a reduction of campylobacteriosis cases. The objective of this project is to lower C. jejuni colonization 
and excretion during primary production using living lactic acid bacteria as probiotic additives. 1,149 
Lactobacillus, Lactococcus, Leuconostoc and Enterococcus strains were tested for anti-Campylobacter 
activity using different plating methods. We excluded the influence of acid and hydrogen peroxide production 
and investigated bacteriocin production by performing proteinase, heat and catalase treatments on partly 
purified supernatant. Based on inhibitory properties, six strains (Lb. salivarius, Lb. helveticus, Lb. reuteri, 
Lb. agilis, Enterococcus faecalis and Enterococcus faecium) were selected. No bacteriocin production 
was identified. Next, controlled batch fermentation studies to simulate broiler cecal environment were 
performed with a selected lactic acid bacterium. We used three experimental designs: (1) inoculation of C. 
jejuni followed 6 hours later by inoculation of a lactic acid bacterium; (2) simultaneous inoculation of both 
strains; or (3) inoculation of a lactic acid bacterium, followed 24 hours later by C. jejuni. Obtained results 
suggest that at least 1 log reduction of C. jejuni is possible when the E. faecalis strain is co-inoculated. 
Finally, broiler chicks were inoculated daily with 104 cfu/ml E. faecalis strain in an in vivo experiment. At 
the age of 15 days two seeder birds per group were inoculated with C. jejuni. The E. faecalis strain was 
unable to reduce cecal C. jejuni colonization.
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Fluoroquinolone resistant Escherichia coli carriage in Australian dogs, with particular emphasis on 
ST131
Brouwers, H.J.M.1, Guo, S.1,2, Cobbold, R.N.2, Chapman, T.A.1 and Trott, D.J.3, 1NSW DPI, Elizabeth 
MacArthur Agricultural Institute, Australia, 2University of Queensland, School of Veterinary Science, 
Australia, 3University of Adelaide, School of Animal and Veterinary Sciences, Australia; 
huub.brouwers@dpi.nsw.gov.au

Multidrug resistant Escherichia coli of sequence type ST131 is a pathogen of humans and animals that has 
disseminated globally since its recent emergence. The well documented ability of ST131 to spread quickly 
among humans as well as pets within a single household make it a strain of significant veterinary public 
health concern. An Australian study has shown that out of 125 fluoroquinolone resistant (FQ-R) canine 
clinical E. coli isolates, nine (7.2%) belonged to ST131. As to non-clinical isolates, a survey of a major 
small-animal referral hospital found that 23 out of 123 surveyed dogs carried FQ-R E. coli. Two dogs (1.6%) 
were shown to carry ST131. This study investigated if this prevalence was typical for eastern Australia by 
enrolling an additional nine hospitals across two states (NSW & QLD). Faecal samples were taken from dogs 
at admission and discharge and spread on media containing 0.25 and 2.0 µg/ml ciprofloxacin (intermediate 
and resistant levels, respectively). Isolates were tested for E. coli phylotype, ST131 status, virulence gene 
(VG) profile and fingerprint (RAPD) by PCR. A total of 114 faecal samples (range 1-32, median 10 per 
hospital) were received from a total of 72 dogs. One of the hospitals yielded FQ-R E. coli isolates (>2.0 µg/
ml) from two dogs out of 14 sampled (14.3%). All FQ-R isolates were phylogenetic group A and carried 
VGs qualifying them as extraintestinal pathogenic E. coli however they were not ST131. Although only 
one out the nine hospitals had FQ-R E. coli, the potential pathogenic nature of these isolates suggest that 
veterinary hospitals should include screening for FQ-R E. coli as part of their infection control.

Antibiogram of bovine mastitis pathogens in Canada
Saini, V.1, Mcclure, J.2, Scholl, D.3 and Barkema, H.1, 1University of Calgary, Canada, 2Atlantic Veterinary 
College, Canada, 3South Dakota Agricultural Experiment Station, USA; vsaini@ucalgary.ca

Monitoring of antimicrobial resistance (AMR) in bacteria has clinical and public health significance. 
The present study determined antibiogram of common mastitis pathogens, including the prevalence of 
methicillin-resistant Staphylococcus aureus (MRSA) (n=1,810), and extended-spectrum β-lactamase (ESBL) 
producing Escherichia coli (n=394) and Klebsiella species (n=139) isolated from milk samples of 89 dairy 
farms in 6 Canadian provinces. MIC were determined using Sensititre bovine mastitis plate and National 
Antimicrobial Resistance Monitoring System Gram-negative panel containing antimicrobials commonly 
used in a clinical setting. Denim blue chromogenic agar and real-time PCR was used to screen and confirm 
MRSA, respectively. Resistance proportion estimates ranged from 0% for cephalothin and oxacillin to 9% 
for penicillin in S. aureus isolates, while 15% of the resistant S. aureus isolates were multi-drug resistant 
(MDR). One MRSA isolate was confirmed (prevalence: 0.05%). Resistance proportion estimates ranged 
from 0% for ceftriaxone and ciprofloxacin to 15% for tetracycline in E. coli, and 0% for amikacin, ceftiofur, 
ciprofloxacin and nalidixic acid to 19% for tetracycline in Klebsiella species isolates. Further, 63 and 55% 
of the resistant E. coli and Klebsiella species isolates were MDR, respectively. Resistance to >5 and >2 
antimicrobials was most common in E. coli and Klebsiella species isolates, respectively. No ESBL producers 
were found. In conclusion, resistance to antimicrobials of very high importance in human medicine such 
as third-generation cephalosporins, penicillin-β-lactamase inhibitor combinations and fluoroquinolones is 
uncommon to rare in bovine mastitis coliforms. MRSA was rarely found and ESBL E. coli and Klebsiella 
species isolates were absent in Canadian milk samples. The study results suggest a low risk of transmission 
of AMR bacteria from milk or milk products to human populations.
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Using milk from cows on antimicrobial therapy as feed for calves: a potential risk for selection of 
resistant bacteria?
Duse, A.1,2, Emanuelson, U.1, Ericsson Unnerstad, H.2, Persson, Y.2,3, Persson Waller, K.1,2 and Bengtsson, 
B.2, 1University of Agricultural Sciences, Department of Clinical Sciences, Sweden, 2National Veterinary 
Institute, Department of Animal Health and Antimicrobial Strategies, Sweden, 3Swedish Dairy Association, 
Sweden; anna.duse@sva.se

The aim of this ongoing study is to describe how and to what extent waste milk from cows on antimicrobial 
therapy is fed to calves on Swedish dairy farms and whether this approach can be linked to the high 
prevalence of antimicrobial resistance among fecal Escherichia coli from calves. In a web-based survey, a 
representative sample of 457 farmers responded to questions covering the use of colostrum and milk from 
cows subjected to antimicrobial therapy. On 300 of the farms, fecal swabs from three preweaned calves 
will be collected for antimicrobial susceptibility testing. For each sample, resistance to 14 antimicrobial 
substances and the within-sample prevalence of E. coli resistant to cefotaxime, streptomycin and quinolones 
will be determined. Additional data regarding use of antimicrobials will be collected from databases as well 
as through a second questionnaire to the farmers. Eightynine percent of the farmers feed newborn calves 
colostrum from cows treated at drying off. When a cow is treated with antimicrobials during the lactation, 
80% of the farmers use milk produced during the treatment period and/or the withdrawal period, as feed for 
calves. Preliminary results from antimicrobial susceptibility testing of fecal E. coli show that antimicrobial 
resistance is more common on farms that give calves waste milk, and on farms where more than one type 
of antimicrobials is used for treatment of calves and more than three types of antimicrobials are used for 
treatment of cows. This study indicates that use of milk from cows treated with antimicrobials is widespread 
on Swedish dairy farms and that this approach in combination with use of several types of antimicrobial 
drugs might have an impact on the prevalence of resistant E. coli from calves.

Changes in the prevalence and antimicrobial resistance of multilocus sequence types of Salmonella 
on Michigan dairy farms in 2000 and 2009
Habing, G.G.1, Manning, S.2 and Kaneene, J.B.1, 1Michigan State University, Center for Comparative 
Epidemiology, USA, 2Michigan State University, Microbiology and Molecular Genetics, USA; 
ghabing@gmail.com

Dairy farms serve as reservoirs of Salmonella that cause foodborne illnesses. Prior cross-sectional studies 
of Salmonella on dairy farms in the United States suggest important changes within this microbial 
population. We used a retro-prospective study and molecular subtyping techniques to test the hypothesis 
that the prevalence of Salmonella multi-locus sequence types (STs) has changed between 2000 and 2009. 
Retrospective data collected in the year 2000 from 29 Michigan dairy farms were retrieved, and comparable 
prospective data were collected from 18 of the same farms in 2009. Where farms were positive in both years, 
isolates underwent further subtyping and antimicrobial resistance (AMR) testing. The ST was identified by 
determining the partial gene sequence of seven housekeeping genes. A generalized linear mixed model was 
used to analyze changes in the prevalence of Salmonella between 2000 and 2009. Fisher’s exact tests were 
used to compare the distribution of ST’s within farms. The proportion of samples positive for Salmonella was 
significantly higher in 2009 (11%) than in 2000 (5%). In 2009, Salmonella was more frequently recovered 
from cows, whereas in the year 2000, calves were more frequently positive. Six farms that were positive 
for Salmonella in both years, and 11 and 9 different STs were recovered in 2000 and 2009, respectively. 
Six STs were recovered in both years. The within-farm distribution of STs between cow and calf samples 
varied depending on the AMR profile. Multidrug resistant ST’s recovered in 2000 were more likely to be 
recovered from calves. In 2009, susceptible strains of the same ST were more evenly distributed between 
cows and calves. These results suggest population changes in Salmonella that have resulted in less frequent 
antimicrobial resistance and more frequent colonization of adult dairy cattle.
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A qualitative study of factors associated with use of antimicrobials in first opinion small animal 
practice in the UK
Mateus, A.1, Brodbelt, D.C.1, Barber, N.2 and Stark, K.D.C.1, 1Royal Veterinary College, University of 
London, United Kingdom, 2School of Pharmacy, University of London, United Kingdom

Responsible use of antimicrobials in veterinary practice is essential to mitigate the risk of antimicrobial 
resistance (AMR). However, there are scarce data on factors that influence veterinarians when selecting 
antimicrobial therapy in everyday practice. Qualitative methods (i.e. framework and grounded theories) 
were selected to investigate the decision-making process involved in the selection of antimicrobials. A 
convenience sample of 21 veterinarians from 7 first opinion veterinary practices in the UK were interviewed. 
Veterinarians combined both their clinical experience and acquired knowledge when selecting antimicrobials. 
Easiness of administration of antimicrobials was an important factor as it often conditioned the selection of 
a specific preparation and consequently the antimicrobial substance used. Extrinsic factors associated with 
pet owners were perceived compliance to prescribed therapy, socio-economical background, willingness and 
ability to treat their animals. At practice level, cost of therapy was found to be influential in the decision-
making process. Cost issues were particularly observed in veterinary practices located in mixed and deprived 
demographic areas. In these cases, veterinarians stated that they would consider changing their selection 
of antimicrobials and consider cheaper antimicrobial therapies. Selection of less efficacious antimicrobials 
could lead to the selection of AMR, with compromise of the animal’s health and welfare. Cost of diagnostic 
tests was a barrier to achieve a confirmed diagnosis and consequently, affected selection of antimicrobials. 
Overall, factors other than existing guidelines and scientific knowledge influenced veterinary surgeons when 
selecting antimicrobials in everyday practice.

Evaluation of the quality of data on antimicrobial use in Swiss dairy cattle herds
Magkouras, I.1, Menéndez, S.2, Müntener, C.R.3 and Schüpbach-Regula, G.1, 1Veterinary Public Health 
Institute, Vetsuisse Faculty, Bern, Switzerland, 2Lucerne Cantonal Veterinary Office, Switzerland, 3Institute 
of Veterinary Pharmacology, Vetsuisse Faculty, Zurich, Switzerland; ioannis.magkouras@vetsuisse.unibe.ch

Monitoring antimicrobial use is crucial for designing strategies to contain antimicrobial resistance. In 
most countries, detailed data on the application of antimicrobials can only be obtained from records kept 
by farmers or veterinarians. However, incomplete or absent treatment information can result in substantial 
bias of these data. The aim of this study was to compare the quality of on-farm treatment data recorded by 
veterinarians and farmers and to examine whether prior instruction leads to an improvement of data quality. 
Farmers from 97 dairy cattle farms were asked to record in detail all treatments given within 1 year. On 15 
farms, farm records were compared to the record of the responsible veterinarian. At a later time point, we also 
evaluated records from 8 veterinary practices and 204 dairy cattle farms. These additional data originated 
from routine treatment documentation involving farmers and veterinarians with no prior instruction and no 
involvement in the first part of the study. Our results show that both, records from farmers as well as from 
veterinarians, contained substantial deficiencies. Of all treatments, 9% were only recorded by farmers, 23% 
only by veterinarians and just 68% of treatments were recorded by both. An agreement between treatment 
date, drug used, and applied dosage was only seen in 52% of both records. Due to lack of standardization, 
the analysis of routinely documented data proved to be very elaborate. As an example, 17% of records had 
no information on dosage and for 88% treatment indication was missing. Our results show that a reliable 
documentation of antimicrobial use is only possible through standardized methods and detailed instructions 
of those involved. An electronic record system is certainly advantageous since it allows a standardized 
record keeping and an automatic analysis of the data.
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ESBLs in pig farming in the Netherlands
Dohmen, W.1, Bos, M.E.H.1, Borlée, F.1, Cohen Stuart, J.2, Van Marm, S.2, Voskuil, S.2, Wagenaar, J.A.3, 
Bonten, M.J.M.2 and Heederik, D.J.J.1, 1IRAS – Utrecht University, Netherlands, 2University Medical 
Centre Utrecht, Netherlands, 3Utrecht University, Infectious Diseases and Immunology, Netherlands; 
w.dohmen@uu.nl

Antimicrobial resistant bacteria in livestock are considered an emerging public health concern, due to 
possible transmission to humans through food or contact with livestock. A recent example is the presence 
of extended-spectrum beta-lactamase producing bacteria (ESBLs) in poultry (meat). Infections in humans 
with ESBLs may lead to treatment failure. Little is known about prevalence and dynamics of ESBLs in 
other production animals (e.g. pigs). This study aims to determine the prevalence and determinants of 
ESBL carriage in people working or living on pig farms and in pigs. We enrolled 40 Dutch pig farms and 
analysed per farm 10 pools of 6 faecal swabs each. On 36 farms, 141 farmers, family members and/or 
employees also submitted a faecal sample for analysis. These samples were analysed for presence of ESBL 
microorganisms by selective plating and analysis of ESBL genes by means of microarray analysis and gene 
sequencing. Questionnaires were filled out on antimicrobial use, hygiene, contact with animals and/or meat, 
farm characteristics, possible confounders, etc. Preliminary results indicate that 13 participants (9%) were 
positive for ESBL genes. These participants, of whom 8 were farmers, originated from 7 farms where ESBL 
genes were found, and 3 farms were ESBL genes were not found. In total, on 22 farms (55%) ESBL genes 
were found in pigs. The ESBL types found included mainly CTX-M-1, commonly found in poultry. This is 
the first study to determine ESBL presence in people working and/or living on pig farms and in pigs. There 
are no detailed studies available on ESBL prevalence in the general Dutch population, so a comparison 
cannot be made. However, a recent study showed ESBL-producing Escherichia coli in 6 out of 18 broiler 
farmers. Preliminary analyses indicated that carriage was associated with intensity of animal contact.

Identification of Salmonella and Escherichia coli strains circulating in backyard poultry in the central 
zone of Chile
Hamilton-West, C.1, Depraz, S.2, Rivera, D.1, Di Pillo, F.1, Ruiz, S.1, Retamal, P.1 and Urcelay, S.1, 1Faculty 
of Veterinary Science, University of Chile, Department of Preventive Veterinary Medicine, Chile, 2Ecole 
Nationale Vétérinaire de Toulouse, France; christopher.hamilton@veterinaria.uchile.cl

The Chilean poultry sector had improved its production and quality standards by the early 1990s. These 
sector is highly integrated at both the geographical and industrial levels. However, other kinds of animal 
production can be identified. Backyard production systems (BPS) also breed poultry and are the most 
common form of animal production worldwide, being recognized as an important component of small 
farmers’ livelihoods. BPS have been generalized as production units having severe biosecurity deficiencies, 
the animals and their by-products are usually consumed by their owners, sold locally and used as gifts. 
BPS can play a major role in the circulation of animal diseases and zoonotic pathogens, such as Salmonella 
and Escherichia coli strains. BPS management conditions facilitate the interaction between poultry and 
humans, which may result in an increased risk for the human and or animal health. Nevertheless, there is 
a lack of research which surveys for the presence of pathogens circulating in BPS, to determine if these 
animal production units represent a real risk for human and or animal health. This research will identify 
the presence of Salmonella and E. coli strains in BPS in central zone of Chile, test the susceptibility of the 
organisms to antibiotics and evaluate risk factors for the circulation of these pathogens. The initial activities 
for this research will be performed between March and May 2012, in the region of LGB O´Higgins, where 
there are approximately 9,000 farmers who breed backyard animals. Samples will be collected by cloacal 
swabs and analyzed in the laboratory of infectious diseases (Faculty of Veterinary Science). A survey will 
be conducted, to identify the risk factors for the circulation of antibiotic resistant Salmonella and E. coli 
strains in BPS, through logistic regression analysis.
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Assessing the risks of Rift Valley fever virus introduction from international aircraft and ships: 
implications for emergence
Hoek, M.1, Kelly, L.2, Boender, G.1 and De Vos, C.1, 1CVI – Wageningen University & Research, Epidemiology 
& Risk analysis, Netherlands, 2AHVLA, Risk analysis, United Kingdom; maarten.hoek@wur.nl

Rift Valley fever (RVF) is a vector-borne viral zoonosis that can cause abortion storms, high mortality rates 
in young ruminants, and flu-like symptoms in humans which may lead to permanent disability, in particular 
visual impairment, and even death. RVF was first described in 1910 in the Rift Valley, Kenya. Since then, 
its geographical distribution has been steadily expanding to beyond the geographical borders of the African 
continent. A qualitative risk assessment identified international aircraft and ship movements as high risk for 
RVF introduction into the Netherlands. This paper presents the results of the subsequent step: a quantitative 
risk assessment of introducing RVF by international aircraft or ship. The estimated mean annual number of 
RVF infected mosquitoes introduced was thirteen. With a 95% CI: 1-56. The probability per year that the 
import of RVF infected mosquitoes by aircraft leads to at least one infected Dutch ruminant was calculated 
to be 0.089, or once every 12 years, with a 95% confidence interval of 0.003 and 0.440 (between 2.3 and 
330 years). Ruminants around Schiphol airport near Amsterdam, The Netherlands are most at risk, while 
ruminants around the harbour of Rotterdam have a very low risk of infection. The main reasons for this 
being the large area covered by the harbour, the heavy urbanization of the area, and the lack of ruminants in 
close vicinity to the actual harbour. This study has wider implications because the results add to the existing 
evidence that aircraft and ships are very efficient vehicles for the global dispersal of vectors and thus play 
an important role in the introduction of various exotic (zoonotic) diseases in hitherto disease free countries. 
Therefore, it is recommended to (1) adequate coherence to aircraft disinfection guidelines and policies, and 
(2) to implement targeted, risk-based surveillance of exotic mosquitoes at airports and harbours.

Modelling costs of highly pathogenic avian influenza control in Australia
Hamilton, S.1,2, East, I.2, Toribio, J.A.1 and Garner, G.2, 1University of Sydney, Australia, 2Australian 
Government Department of Agriculture, Fisheries and Forestry, Australia; graeme.garner@daff.gov.au

Australian emergency plans for highly pathogenic avian influenza (HPAI) recognise that vaccination, pre-
emptive culling and early slaughter of meat chickens, ducks and turkeys in abattoirs (process slaughter) may 
support stamping-out under some scenarios, but the effectiveness of these additional measures are uncertain. 
We used a spatial stochastic simulation model (AISPREAD) to investigate the effectiveness of six disease 
control strategies measured by the number of infected farms, epidemic duration and number of destroyed 
birds. AISPREAD models HPAI spread between individual chicken meat and layer, duck and turkey farms, 
includes farm production cycles, and simulates HPAI transmission between farms by ‘local spread’, poultry 
movements, and indirect spread via service provider networks. We simulated epidemics in two high poultry 
density areas of Australia. Control strategies included a baseline strategy involving the quarantine and culling 
of infected premises (IPs), zone-based movement restrictions in 3 km Restricted Areas (RAs) and 10 km 
Control Areas (CAs), tracing, and surveillance. This was modified to investigate effects of: increasing RA 
and CA zones to 10 and 20 km; pre-emptive culling in 3 km of IPs; process slaughter of meat farms in 3 km 
and 10 km of IPs; and combining process slaughter of meat farms and vaccination of other farms in 10 km 
of IPs. Costs of compensation, disease control centres, purchase and use of vaccine, lost export earnings, 
and post-vaccination surveillance were compared using partial budgeting. Process slaughtering meat farms 
within 10 km of IPs was the most effective strategy in terms of the model outputs. Additional vaccination 
of other farms in this zone had similar effects on epidemics, but cost $A 6-7 million more. This suggests 
vaccination is not cost-effective for the control of HPAI epidemics in Australia.
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Serological survey in captive tayassuids (Mammalia:Artiodactyla) in Guatemala, searching for 
antibodies against viruses and bacteria
Mérida Ruíz, S.1,2, Guerra Centeno, D.2,3, Fuentes Rousselin, H.3 and Meoño Sánchez, E.3, 1University 
of Veterinary Medicine Hannover, Department for Biometry, Epidemiology and Information Processing, 
Germany, 2University of San Carlos of Guatemala, Postgraduate School, Faculty of Veterinary Medicine, 
Guatemala, 3University of San Carlos of Guatemala, Department of Wildlife, Faculty of Veterinary Medicine, 
Guatemala; samuel.merida@tiho-hannover.de

In 2008, blood samples were collected from 13 white-lipped peccaries (Tayassu pecari) and 64 collared 
peccaries (Pecari tajacu) in several captive populations in Guatemala. In 2010, blood samples were collected 
from two T. pecari and 26 P. tajacu at Petencito Park (Petén) to firstly assess diseases status of these wildlife 
species in Guatemala. The prevalence of antibodies in the 2008 samples was 35% for Classical Swine Fever, 
and 0% for Brucellosis and Mycoplasmosis; all positives had a vaccination history. For tayassuids sampled 
in 2010, prevalence of antibodies was 29% leptospirosis (serovars Pomona, Pyrogenes, Autumnalis, Bataviae 
and Icterohaemorrhagiae) and 0% for Brucellosis and Classical Swine Fever. Mycoplasma was not evaluated 
in the 2010 samples. There was no influence of sex over the prevalence for leptospirosis (Fischer’s exact 
test P=0.4198). The relevant results are the report of a Leptospira strain (Pyrogenes) not previously reported 
in peccaries in the cited references. The absence of other pathogens does not mean that the species cannot 
harbour them as proven in literature; nevertheless, the husbandry of these captive populations could have 
contributed to the health improvement. Incidental findings of haemoparasites such as Trypanosoma sp. 
and Babesia sp. are also reported. These results serve as a basis for further studies focusing on peccaries 
and other Guatemalan native species and contribute information about the health status and the potential 
pathogens within captive populations of tayassuidae in Guatemala.

Alaria alata: new approaches for identification and differentiation of a re-emerging parasite
Riehn, K.1, Hamedy, A.1, Große, K.2 and Lücker, E.1, 1University of Leipzig, Faculty of Veterinary Medicine, 
Institute of Food Hygiene, Germany, 2Gesundheits-, Veterinär und Lebensmittelüberwachungsamt, 
Brandenburg an der Havel, Germany; riehn@vetmed.uni-leipzig.de

Alaria alata is a trematode, the adult of which is found in mammalian carnivores throughout Europe and 
Asia. The mesocercarial stages of the Alaria spp. may infect almost all vertebrate species, including humans, 
and especially omnivorous scavengers such as wild boars serve as paratenic hosts for the parasite. The 
pathological consequences of human alariosis, relevant symptoms, and therapeutic strategies have been 
described. However, the wide variety of possible symptoms makes this parasitic disease difficult in diagnosis 
and requires specific detection methods for exclusion of other diseases. Since 2002 an increasing number of 
findings of A. alata mesocercariae in meat of wild boars in Germany and other European countries during 
official meat inspection initiated an assessment of the potential foodborne human health risk posed by this 
parasite. In view of the insufficient data, a final risk assessment could not be performed, which lead the 
German Federal Institute for Risk Assessment to a preliminary recommendation to declare carcasses of wild 
boars found to be infested by A. alata mesocercariae during official inspection for Trichinella spp. unfit 
for human consumption. Within the framework of two research projects (funded by the German Federal 
Ministry of Food, Agriculture and Consumer Protection through the Federal Office for Agriculture and 
Food) our own studies concentrate on (1) the development, optimization, and validation of methods for 
reliable Alaria spp. mesocercariae detection; (2) the distribution of the mesocercariae within their paratenic 
hosts, i. e. identification of predilection sites, particularly in wild boars; and (3) their prevalence in sylvatic 
populations of animals with respect to their introduction into the human food chain.
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Efficacy of a control program for brucellosis in small-holder sheep and goats flocks in Tajikistan
Jackson, R.1 and Ward, D.2, 1EpiCentre, Institute of Veterinary and Biomedical Sciences, Massey University, 
New Zealand, 2Food & Agriculture Organization of the U N Animal Production and Health, Rome, Italy; 
Ron.Jackson@xtra.co.nz

Cross-sectional serological surveys conducted in Tajikistan in 2003 and 2009 were used to evaluate the 
efficacy of a 5 year pilot control program which was based on initial whole flock conjunctival vaccination 
of sheep and goats with Rev1 and biannual vaccination of immature animals thereafter. Seroprevalence was 
reduced from an initial 8.9% (95% CI 7.8, 10) to 1.8% (1.3, 2.4) in eight districts where vaccination was 
generally well implemented and the prevalence of households with evidence of infection in their animals 
was reduced from 25.1 to 7.5%. Seroprevalence was modestly reduced to 60% (50, 80) of 2003 levels in 
10 districts where vaccination was intermittent and coverage was low in some years. It was unchanged in 
19 districts where there were no interventions. Constraints associated with subsistence type agriculture, a 
low budget, numerous private smallholdings, communal grazing and annual migrations to summer pastures 
influenced the design of the pilot program. Experience from the program identified needs for biannual 
vaccination, surveillance to measure efficacy and coverage, quality assurance of cold chain and vaccines 
and consideration of sheep and goats separately rather than together as small ruminants. Sheep and goats 
vaccinated one or more times were found to be 2.5 and 6.4 times more likely to be serotest positive than 
unvaccinated sheep and goats respectively, suggesting longer persistence of vaccinal titres in goats than in 
sheep. Future programs will incorporate partial cost recovery for services and will make some changes to 
the sampling strategy based on experience from the pilot program. Failed activities such as tattooing for 
identification will be discarded. A pleasing outcome from the pilot program has been the adoption of its 
methods in national control programs in two other Central Asia countries with similar husbandry systems.

Investigation of occurrence and geographical distribution of canine dirofilariasis in Bosnia and 
Herzegovina
Zahirovic, A.1, Seric-Haracic, S.1, Fejzic, N.1 and Cornwell, S.M.2, 1University of Sarajevo, Veterinary 
faculty, Bosnia and Herzegowina, 2University of South Florida, College of public health, USA; 
sabina_seric@hotmail.com

Recently many research efforts were done to map and estimate spread of dirofilariasis and its competent 
vectors in countries and regions previous thought to be free from this disease. However, countries of Central 
and Eastern Europe are still considered as zones where data on this disease are inconsistent, incomplete or 
completely lacking. We will present the findings of the first comprehensive study of canine dirofilariasis 
in Bosnia and Herzegovina (BiH) aiming to detect weather canine dirofilariasis is present in the country 
as either ‘autochthonous’ or imported infection and to estimate rough geographical distribution of this 
parasitosis. Blood samples were collected from 418 dogs coming from different locations across the country 
during period from May 2008 to November 2009. Data on sex, age and previous traveling were noted for 
all dogs. All samples were tested by Knott test in order to detect, enumerate and differentiate microfilaria 
belonging to agent species. In addition two serological tests; Snap canine test and ELISA test were also used 
to detect D.immitis infection (both produced by IDEXX laboratories). Animal was considered to be diseased 
with at least one positive result on any of the tests used. Two etiological agents were found; D.immitis and 
D.repens in 3,1% and 1,9% of samples, respectively. Canine dirofilariasis was proven to be ‘autochthonous’ 
diseases present in areas of the country with Mediterranean and Moderate Continental climate. Due to the 
effects of the global warming previously unseen species of dirofilariasis vectors are noted BiH, such as 
Asian tiger mosquito (Ae.albopticus). Since this is an antrophophilic mosquito species, there is a risk for 
dirofilarial infections of humans as well.
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Managing FMD hotspots in the Mekong region
Windsor, P.A.1, Nampanya, S.1, Rast, L.1 and Khounsy, S.2, 1University of Sydney, Faculty of Veterinary 
Science, Australia, 2Ministry of Agriculture and Forestry, Department of Livestock anf Fisheries, Lao 
Peoples Dem. Rep.; peter.windsor@sydney.edu.au

FMD is endemic in the Mekong region and recent studies in northern Lao PDR and southern Cambodia 
have confirmed that although outbreaks of mainly O serotype do occur widely, they have tended to recur 
in particular ‘hotspots’ where significant trading of mainly large ruminants from adjacent countries exist. 
As the epidemiology of FMD in these ‘hotspots’ is poorly understood, we conducted a longitudinal study 
in the ‘hotspot’ area of Paek district in Xiengkhoung province in northern Lao PDR, where a major FMD 
outbreak occured in early 2009 that was largely prevented in 2 villages by prior vaccination, and again in 
early 2010 when vaccination was unavailable. On both occasions, collection of tissue samples from infected 
animals confirmed infection with FMD virus serotype O (Myanmar topotype) and surveys documented 
high morbidity in unvaccinated cattle and buffalo (>90%), with occasional mortality. We also identified 
the risk factors of increased trading in animals after the end of the rice harvest and failures of biosecurity 
at the village level as major contributors to the severity of disease expression. A pre and post vaccination 
serological study conducted of the large ruminant population in late 2010 and early 2011 (n=40 and 72 serum 
samples respectively) analysed by serotype-specific LPB-ELISA assay to detect antibodies to serotype O, A 
and Asia1 FMD virus structural proteins, confirmed both previous exposure to FMD virus, plus significantly 
rising post-vaccination titers indicating likely protection against future infection. It was concluded that to 
manage future FMD outbreaks in this ‘hotspot’, regular annual vaccination of the majority of the adult large 
ruminant population prior to the peak risk period in December-January, plus improved farmer knowledge 
of disease transmission risks to address failures in biosecurity are required.

Rift Valley fever in a temperate and mountaneous area of Madagascar
Chevalier, V.1, Rakotondrafara, T.2, Jourdan, M.1, Heraud, J.M.3, Rasamoelina, H.2, Durand, B.4, 
Ravaomanana, J.2, Rollin, P.5 and Rakotondravao, R.2, 1CIRAD, France, 2FOFIFA-DRZV, Madagascar, 
3Institut Pasteur Madagascar, Madagascar, 4ANSES, France, 5CDC, USA; chevalier@cirad.fr

A serological study was performed in 2009 in Madagascar highlands to evaluate the point prevalence rate 
of RVF antibodies in ruminants and identify environmental and trade factors potentially linked to RVF 
persistence and transmission. Nine hundred ruminants were randomly selected among 51 villages and 
sampled. Sera were analysed using a commercial validated ELISA test. For each ruminant, the following 
variables were recorded: age, location of the night pen, minimum distance from the pen to the closest 
water point and the forest, water point type, and the way owners use to renewal their herd: auto-renewal vs 
purchase. Serological data were analysed using a generalized linear mixed model, the individual serological 
status being the binomial response, and the above-mentioned variables the explicative factors, and the 
breeder as random effect. The overall IgG seroprevalence rate was 28% [IC95% 25-31]. The main effect 
on prevalence was due to age (P=10-4) suggesting an endemic RVF circulation in this area. The distance 
to the closest water point was a protective factor (P=5×10-3) but the type of water point had no effect on 
the prevalence rate: a substantial part of the transmission is due to vectors and several mosquito species 
are probably involved. Ruminants belonging to owners renewing their herd by purchase were significantly 
more infected than others (P=0.04), suggesting that cattle trade may contribute to the circulation of the 
virus in this area. This is the first evidence of a recurrent transmission of RVFV in such an ecosystem which 
associates a wet, temperate climate, high altitude, paddy fields, and vicinity to a dense rain forest. Persistence 
mechanisms need to be further investigated.
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Cattle trade network in Madagascar highlands and Rift Valley fever virus circulation
Nicolas, G.1, Durand, B.2, Duboz, R.1, Rakotondravao, R.3 and Chevalier, V.1, 1CIRAD, ES, France, 2Anses, 
LSAn, France, 3FOFIFA, DRZV, Madagascar; gaelle.nicolas@cirad.fr

In 2008-2009 a RVF outbreak occurred in the Anjozorobe area, a temperate and mountainous area of 
Madagascar highlands. A serological study conducted there in 2009 showed an IgG seroprevalence rate of 
28%. Data analysis suggested a recurrent circulation of RVFV. The objectives of this study were to describe 
the cattle trade network in this area and analyze the link between network structure and RVFV circulation. 
Questionnaire survey among 386 breeders from 47 villages was carried out to collect trade data. Yearly 
village-level seroconversion rate was estimated in 2010 by testing 516 cattle negative in 2009. Association 
between the occurrence of seroconversion and network centrality parameters, distance to the nearest water 
point and 2009 seroprevalence level was tested. Due to the non-independence of the centrality parameters, 
a bootstrap procedure was used to assess the effects of the independent variables. Average village-level 
seroconversion was 7%, ranging from 0-20%. Two types of trading practice were observed: exchanges and 
buy/sale. The corresponding networks appeared both scale-free, and a significant but low correlation was 
observed between them. A negative association was observed between the occurrence of seroconversion 
in the village and the 2009 seroprevalence level, as well as the distance to the nearest water point. After 
RVFV introduction, vector-based transmission may support the within-village circulation. The node degree 
in the exchange network was positively linked with the occurrence of seroconversion. It was not the case 
for the buy/sale network. Both networks could thus have distinct roles in RVFV circulation. The exchanges 
network could be the support for RVFV introduction in villages, the buy/sale network being probably rather 
implicated in the introduction of RVFV in the area, from other parts of Madagascar.

HP-PRRS in Southeastern Cambodia: an epidemiological study
Tornimbene, B.1, Chhim, V.2, Sorn, S.2, Guitian, J.1 and Drew, T.W.3, 1RVC, United Kingdom, 2NaVRI, 
Cambodia, 3AHVLA, United Kingdom; btornimbene@rvc.ac.uk

The aim of our study was to investigate the presence of highly pathogenic PRRS in the Cambodian pig 
population. Six provinces in the southeastern part of the country were selected. Between July and September 
2010 a cross-sectional study (Study 1) was carried out, to estimate the prevalence of the disease in semi-
commercial farms (SCF), while a second, parallel study was designed to detect the disease in villages, 
sampling backyard farms (BF) only. Questionnaires on husbandry practices and spatial coordinates were 
collected from each farm. The target population for Study 1 were the entire SCF in Takeo province. A 
sampling frame with all active SCF was available and farms were randomly selected. Pigs were then 
selected through systematic sampling in each farm. For this particular study lot quality assurance survey 
(LQAS) method was chosen to calculate the number of farms to be sampled. The target population for 
Study 2 were all the villages in the six provinces. A sampling frame of villages by district was available. 
A qualitative assessment for a-priory risk of viral introduction at district level was designed to prioritize 
district to be sampled. Within prioritized district, villages were selected by simple random sampling. 
Within village the selection of individual BF was done through random walking method and the selection 
of the single pigs through systematic sampling. Our results showed that the virus was present in the semi-
commercial pig population (herd prevalence ≥85%), but appeared very sporadically in the backyard pig 
population in that region. Presence of sow and gilts in the farm, farms density and water contamination were 
significantly associated (P<0.05) to the introduction and the presence of PRRS in SCF. The identification of 
risk factors associated with the introduction and the presence of the virus in the farm, and the spatiotemporal 
visualisation of our results, gives valuable insight into potential viral transmission patterns.
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Live bird markets as potential avian influenza A (H5N1) virus reservoirs in Vietnam and Cambodia: 
field survey and mathematical models of transmission
Fournié, G.1, Guitian, J.1, Desvaux, S.2, Mangtani, P.3, Ly, S.4, Vu Chi, C.5, San, S.6, Do Huu, D.7, Holl, D.6, 
Pfeiffer, D.U.1, Vong, S.4 and Ghani, A.C.8, 1Royal Veterinary College, United Kingdom, 2Cirad, France, 
3LSHTM, United Kingdom, 4Institut Pasteur, Cambodia, 5National Institute of Animal Science, Viet Nam, 
6National Veterinary Research Institute, Cambodia, 7Department of Animal Health, Viet Nam, 8Imperial 
College, United Kingdom; gfournie@rvc.ac.uk

In many parts of the world, wet markets are a key component of formal and informal food chains, providing 
fresh meat for consumers. They may, however, promote the emergence, spread and maintenance of livestock 
pathogens, including zoonoses. A survey was conducted to assess the potential of Vietnamese and Cambodian 
live bird markets (LBMs) to sustain circulation of highly pathogenic avian influenza virus subtype H5N1 
(HPAIV H5N1). In 30 Vietnamese and 8 Cambodian LBMs, structured interviews were conducted with 
the market managers and 561 Vietnamese and 84 Cambodian traders. Multivariate and cluster analyses 
were used to construct a typology of traders based on their poultry management practices. Stochastic meta-
population models of HPAIV H5N1 transmission were developed to assess the potential of LBMs to become 
virus reservoirs. As a result of their practices and large poultry surplus (unsold poultry reoffered for sale the 
following day), some poultry traders were shown to promote conditions favourable for perpetuating HPAIV 
H5N1 in LBMs. More than 80% of these traders operated in LBMs located in the most densely populated 
areas, Hanoi and Phnom Penh. The profiles of sellers operating at a given LBM could be reliably predicted 
using basic information about the location and type of market. Consequently, the risk of a given LBM 
becoming a virus reservoir could be relatively easily assessed and control strategies appropriately targeted 
to those markets. These findings are of particular relevance to resource-scarce settings with extensively 
developed LBM systems, commonly found in South-East Asia.

Survey of selected zoonotic and animal pathogens in muskoxen (Ovibos moschatus wardi) of Victoria 
Island, Nunavut, Canada
Wu, J.P.1, Checkley, S.L.1, Dumond, M.2, Verocai, G.1, Tryland, M.3 and Kutz, S.J.1, 1University of Calgary, 
Veterinary Medicine, Canada, 2Government of Nunavut, Canada, 3Norwegian School of Veterinary Science, 
Arctic Veterinary Medicine, Norway; jess.wu@ucalgary.ca

The purpose of this study was to determine baseline prevalence of zoonotic and animal pathogens in 
muskoxen on Victoria Island, Nunavut, Canada. Muskoxen are hunted for subsistence, commercial sale, 
and sport; however, there are concerns for food safety, human health, and animal health. This information 
will provide the basis of a long term surveillance plan for the management of food security and food safety 
in northern communities. Muskoxen from two geographically distinct regions (one commercial harvest and 
two community harvests) were sampled during the winter of 2010. Tissues, feces, and sera were collected 
and tested for 18 different pathogens. Test methods included serology, bacterial culture, polymerase chain 
reaction, immunofluorescence assay, fecal flotation, Baermann, and histology. A total of 216 muskoxen 
were sampled. Positive seroprevalence results included: Neospora caninum (3/49), Toxoplasma gondii 
(1/49), and pestivirus (1/44). Samples tested negative for the following pathogens: alphaherpesvirus (n=44), 
Mycobacterium avium paratuberculosis (n=67), Chlamydophila sp. (n=49), Yersinia sp. (n=67), Giardia 
sp. (n=202), Cryptosporidium sp. (n=202), and Besnoitia sp. (n=199). The lungworm Umingmakstrongylus 
pallikuukensis was present in all animals examined from the community hunts (n=26), but absent from 
commercially harvested animals (n=62). Overall, a low prevalence of pathogens significant to humans 
and animals was detected by the tests utilized. Additional work is required in validating these diagnostic 
test methodologies in this species. These results have contributed to the development of surveillance 
methodology to be used for monitoring changes in prevalence and changes in geographical distribution of 
pathogens, especially those of concern for human health.
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Shuni virus, an orthobunyavirus causing neurological disease in horses and wildlife in South Africa
Van Eeden, C.1, Van Niekerk, S.1, Steyl, J.2, Williams, J.2, Swanepoel, B.1 and Venter, M.1,3, 1University of 
Pretoria, Medical Virology, South Africa, 2Onderstepoort Veterinary Institute, Faculty Veterinary Science, 
South Africa, 3National Institute of Communicable Diseases, Respiratory Unit, South Africa; 
charmaine.vaneeden@gmail.com

The cause of severe neurological disease in both humans and animals in South Africa remains largely 
undiagnosed. Horses are highly sensitive to some of these viruses and have been used as sentinels for 
the identification of arboviruses associated with neurologic disease in South Africa. During the seasonal 
occurrence of common vector-borne diseases such as African horse sickness and equine encephalosis, 
many horses have febrile, neurologic, and fatal infections for which the etiology remains undetermined. 
Our aim was to identify and characterise unknown viruses in cases of undiagnosed neurological disease 
in South Africa. In 2009 we identified a brain isolate as Shuni virus (SHUV) a horse with suspected viral 
menigoencephalomyelitis, using virus discovery techniques. SHUV-specific primers were then designed and 
used to test specimens from an additional 111 horses and 53 wildlife cases. We have been able to positively 
identify Shuni virus in 7 equine and 4 wildlife cases, including a rhinoceros, a buffalo, a warthog and a 
crocodile, presenting with neurologic disease. Phylogenetic analysis was used to further characterise the 
virus. Both equine and wildlife cases grouped together but showed geographical clustering distinct to the 
prototype strain from Nigeria. This virus has in the past been isolated from apparently healthy cattle, sheep 
and goats. Our study has assigned a disease association to this virus and suggests it may play a noteworthy 
role in encephalitis in South Africa thus emphasising the need for increased surveillance and disease 
characterisation in South Africa.

Dog ecology in Bali, Indonesia and implications for rabies transmission
Jatikusumah, A.1, Putra, A.A.G.2, Estoepangestie, S.3, Widyastuti, M.D.W.1, Sunandar, 1, Arief, R.A.1, 
Basri, C.1,4, Willyanto, I.5, Mardiana, I.6, Gilbert, J.7 and Hampson, K.8, 1Center for Indonesian Veterinary 
Analytical Studies, Indonesia, 2Disease Investigation Centre Denpasar, Indonesia, 3Airlangga University, 
Indonesia, 4Bogor Agricultural University, Indonesia, 5InI Veterinary Service, Indonesia, 6Bali Provincial 
Livestock and Animal Health Office, Indonesia, 7International Livestock Research Institute, Kenya, 
8University of Glasgow, United Kingdom; andro_fkh@yahoo.com

Over 100 human rabies deaths occurred during an ongoing epidemic in Bali, Indonesia. The basic 
reproductive number from this epidemic (1.2) is similar to estimates from elsewhere in the world, despite 
the high densities of dogs in Bali (>100 /km2). This lack of density dependent transmission has important 
implications for rabies control, but is difficult to explain. We investigated ecological factors affecting 
rabies transmission and spread in Bali. Household surveys (n=6,152) confirmed the high dog densities 
and that most owned dogs are free-roaming, with only 7% and 19% restrained in rural and suburban 
areas respectively, and these mostly restrained during the day only. We randomly selected and observed 
continuously 69 free-roaming dogs for 48 hours to quantify behaviour and movement during a period 
similar to the infectious period of rabies. Home ranges were small (90% kernel, median=0.6 km2, mean=3 
km2), but some displacements exceeded 4 km and most movements were constrained to roads. The skewed 
distribution of movements was similar to observations of rabid dogs. Most activity and contact occurred 
between 6-10am and 4-8pm, when dogs were less likely to be restrained. Despite small home ranges, high 
dog densities and frequent opportunities for contact demonstrate potential for sustained transmission and 
suggest that sociality can help explain the lack of density dependent transmission. Close correlation between 
movement and road networks should be used to improve epidemiological models and suggests means for 
strategic measures to contain rabies spread.
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Rabies surveillance methods in Bali and Flores, Indonesia
Scott-Orr, H.1, Putra, A.A.G.2 and Geong, M.3, 1University of Sydney, Faculty of Veterinary Science, 
Australia, 2Disease Investigation Centre Denpasar, DGLAHS Department of Agriculture, Indonesia, 
3Livestock Service, East Nusa Tenggara Province, Indonesia; hscottorr@gmail.com

Rabies is spreading in Indonesia, entering Flores in 1997, Maluku in 2003, North Maluku in 2006, Bali in 
2008 and Nias and Larat in 2010, and extending its range in West Java. Early detection of new incursions 
and levels of prevalence is extraordinarily difficult due to rabies’ long incubation period and very short 
period of clinical signs. Experience in combating rabies in Bali and Flores will be drawn on to discuss the 
different surveillance methods and strategies which are needed for early detection of rabies incursions to 
new areas, effectiveness of control strategies and programs, and eventual proof of freedom. Human deaths 
from rabies are often the first sign of new infected areas and by this time the disease may have been present 
for at least six months and be widespread in the local dog population. Media reports and increased public 
awareness can increase the rate of reporting of dog bites which increases the perception of disease spread 
but may not really reflect true incidence. Surveillance of dog brains is a more effective means of detecting 
rabies but selection of dogs for sampling can be very controversial, may be perceived as blanket culling, 
and may cause people to move their dogs, increasing the risks of spread. Some means to overcome the 
practical, social and institutional impediments to effective rabies surveillance in Indonesia will be suggested.

Detection of antibodies to tuberculosis antigens in free-ranging lions (Panthera leo) infected with 
Mycobacterium bovis in Kruger National Park, South Africa
Miller, M.1, Joubert, J.2, Mathebula, N.2, De Klerk-Lorist, L.3, Lyashchenko, K.4, Bengis, R.3, Van Helden, 
P.5, Hofmeyr, M.2, Olea-Popelka, F.6, Greenwald, R.4, Esfandiari, J.4 and Buss, P.2, 1Palm Beach Zoo, 
USA, 2Veterinary Wildlife Services, South African National Parks, Kruger National Park, South Africa, 
3Office of the State Veterinarian, Kruger National Park, South Africa, 4Chembio Diagnostic Systems, Inc., 
USA, 5Stellenbosch University, Centre of Excellence for Biomedical TB Research, Centre for Molecular 
and Cellular Biology, Division of Molecular Biology and Human Genetics, South Africa, 6Colorado State 
University, Animal Population Health Institute, Clinical Sciences, USA; folea@colostate.edu

Bovine tuberculosis (TB), caused by Mycobacterium bovis, has become established in Kruger National 
Park (South Africa) in the Cape buffalo (Syncerus caffer) population and other species. Tuberculosis in 
prey species has resulted in infection and morbidity in the resident lion (Panthera leo) prides. The only 
validated live animal test currently available for lions is the intradermal tuberculin test. Because this test 
requires capture twice, 72 hours apart, of free-ranging lions in order to read results, it is logistically difficult 
to administer in a large ecosystem. Therefore, development of a rapid animal-side screening assay would be 
ideal in providing information for wildlife managers, veterinarians, and researchers working with wild lion 
prides. This study reports preliminary descriptive results from an ongoing project evaluating two serological 
tests for M. bovis (ElephantTB Stat-Pak and DPP VetTB). Disease status was determined by post-mortem 
culture and presence of pathological lesions in 14 free-ranging lions. Serological test results were found to 
be associated with M. bovis infection. Extended field studies are underway to validate these rapid animal-
side immunoassays for ante-mortem screening tests for TB in lions.
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Temporal-spatial epidemiology of 2010/2011 foot-and-mouth disease outbreaks in the Republic of 
Korea
Seo, Y.S., Yoon, H., Yoon, S.S., Kim, Y.J. and Kim, D.G., Animal, Plant, and Fisheries Quarantine and 
Inspection Agency, Veterinary Epidemiology Division, Korea, South; heleney@korea.kr

During the winter of 2010 to 2011, the biggest epidemic of foot-and-mouth disease (FMD) was ever recorded 
in the Republic of Korea. FMD infected animals were confirmed in a total of 3,748 farms during 144 days 
from 28 November 2010 to 21 April 2011. This study described the pattern of FMD outbreaks and analyzed 
aggregations of cases by time and space with 2010/2011 FMD outbreak data. Aggregation of FMD outbreak 
farms were analyzed by space-time permutation scan test. The numbers of FMD outbreaks were cumulated 
16.5% by the end of December 2010, 80% by January, and 98.5% by February. Swine farms suffered from 
the worst damage during the 2010/2011 FMD epidemic. The largest numbers of outbreaks per day was 
recorded on the mid January when 127 farms were confirmed on one day. Four significant clusters of FMD 
infection were identified by space-time permutation method. The most likely cluster of FMD infection 
included 154 outbreak pig farms within 18 km radius in Hongseong-Boryeong-Yeosan, Chungcheongnam-
do. These farms were infected between late January and early March. The spatial-temporal clusters of FMD 
outbreak insisted the potential spread of FMD virus by unidentified way within proximity, which is called 
‘local area spread.’ Biosecurity strategies to minimize contacts among neighboring herds would be critical 
to prevent spread of FMD in local area through unidentified way.

Wildlife as reservoirs of disease for livestock in Australia: the case of the feral pig
Ward, M.P.1, Cowled, B.1, Negus, K.1, Galea, F.2, Garner, M.G.3, Laffan, S.4, Marsh, I.2, Sarre, S.5 and 
Woolnough, A.6, 1The University of Sydney, Australia, 2Primary Industries NSW, Australia, 3Department 
of Agriculture, Fisheries & Forestry, Australia, 4University of New South Wales, Australia, 5University of 
Canberra, Australia, 6Department of Agriculture and Food Western Australia, Australia; 
michael.ward@sydney.edu.au

Besides causing ecological damage and threatening native species in Australia, feral pigs potentially form 
a reservoir of diseases important for livestock production. These include both transboundary (e.g. foot-
and-mouth disease, classical swine fever) and endemic (e.g. leptospirosis, Salmonella) diseases. We used 
Salmonella as a model to understand if and how FMD might spread in feral pig populations and form a 
reservoir which would delay or prevent disease eradication, should an incursion occur. We sampled (via 
aerial culling) 543 feral pigs at geo-referenced locations in a 5,000 km2 study area in the remote Kimberley 
region of Western Australia. Both mesenteric lymph nodes and fecal samples were collected for Salmonella 
culture. In addition, fecal samples from 496 cattle in 47 geo-referenced groups cohabitating the study area 
with the feral pig population were collected and cultured for Salmonella. Salmonella was cultured from 
240 (41%) pigs, mostly from fecal samples. A total of 39 different serotypes were isolated. Salmonella 
serotypes were further characterised using pulsed field gel electrophoresis. Nearly 100 unique pulsotypes 
were identified. Salmonella was cultured from 2% of cattle. Nine serovars were identified, but no dominant 
serotype was noted. There were 6 serotypes in common with feral pig isolates. Cattle isolates were more 
commonly recovered from areas without feral pigs Based on PFGE analysis, cattle and pig serotypes showed 
only 58% similarity (compared to 84% similarity within the cattle serotypes). Spatial and molecular analysis 
results suggest that in this environment, feral pigs are unlikely to be an important reservoir of disease for 
domestic livestock.
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Determinants of vaccination coverage and consequences for rabies control in Bali, Indonesia
Arief, R.A.1, Jatikusumah, A.1, Widyastuti, M.D.W.1, Sunandar, 1, Basri, C.1,2, Putra, A.A.G.3, Willyanto, 
I.4, Estoepangestie, S.5, Mardiana, I.6, Gilbert, J.7 and Hampson, K.8, 1Center for Indonesian Veterinary 
Analytical Studies, Indonesia, 2Bogor Agricultural University, Indonesia, 3Disease Investigation Centre 
Denpasar, Indonesia, 4InI Veterinary Service, Indonesia, 5Airlangga University, Indonesia, 6Bali Provincial 
Livestock and Animal Health Office, Indonesia, 7International Livestock Research Institute, Kenya, 
8University of Glasgow, United Kingdom; andro_fkh@yahoo.com

Maintaining high vaccination coverage is key to successful rabies control, but mass vaccination of dogs 
is difficult and population turnover erodes coverage. Incidence decline following successive island-wide 
vaccination campaigns in Bali suggest good prospects for rabies eradication. To find gaps in coverage 
we used household surveys of owned dogs (n=12,234) and 23 transects of free-roaming dogs (n=1,079). 
Coverage was 10% higher in confined than in unconfined owned dogs, with more confinement in urban 
(77.3%) than rural areas (7.4%). Coverage was higher in adults (90%) than juveniles (<1 yr, 51%) due to 
births and insufficient targeting of pups. Fecundity studies suggest owners do not report pups which may be 
an obstacle for vaccinators. Villages with recent culling (4/27) in response to rabies reports had marginally 
lower coverage and higher proportion of juveniles than villages with no culling, suggesting replacement 
of culled dogs with unvaccinated pups. Coverage estimates from transects were much lower (39.9%) than 
household surveys (83.4%), possibly due to loss of vaccination collars, but also because free-roaming dogs 
include unowned or difficult to vaccinate dogs. Future campaigns should put more effort in vaccinating 
free-roaming dogs particularly in rural areas, with advertising to ensure owners vaccinate pups. Culling 
appears counterproductive to coverage, but sterilization could stabilize it by reducing births. Long-lasting 
collars would help identify vaccinated animals and reassure communities that campaigns are successful.

Fighting cocks: risk for the Caribbean regarding avian influenza and Newcastle disease
Laurent, M.1, Bournez, L.1, Delgado, A.2, Mondesir, M.3, Shaw, J.4, Lefrancois, T.1, Pradel, J.1, Ai, W.G.5 and 
Trotman, M.6, 1CIRAD UMR CMAEE, Petit Bourg, Guadeloupe, 2IICA, San Jose, Costa Rica, 3ANTARES, 
Sainte Luce, Martinique, 4USDA APHIS IS, Santo Domingo, Dominican Republic, 5CaribVET, www.
caribvet.net, Guadeloupe, 6Vet Services, Christ Church, Barbados; marion.laurent@cirad.fr

Cockfighting is an important tradition in many Caribbean countries and territories, with the legal status of 
cockfights varying by country. Uncontrolled movement of poultry may represent an important route for 
pathogen introduction and spread. The Caribbean Animal Health Network (CaribVET) conducted a survey in 
order to assess the risk of circulation of Avian Influenza (AI) and Newcastle disease (ND) through movement 
of fighting cocks. Potential risk pathways were identified by the CaribVET Avian Influenza and Newcastle 
Disease Working Group. A questionnaire was designed and sent to the 32 Chief Veterinary Officers of the 
Caribbean while additional information was collected through interviews with bird owners, breeders and 
fighting pit owners in five countries. Data analysis aims to: (1) improve the knowledge on gamecocks 
and understand activities carried out in the Caribbean, especially: the legal status of cockfighting, disease 
surveillance and control within the fighting cock population, as well as biosecurity measures; (2) assess 
the likelihood of contact between fighting cocks and commercial poultry in the countries/territories; (3) 
assess countries/territories’ risk profiles based on the above-mentioned results. The movement patterns of 
fighting cocks were studied in order to identify pivotal countries/territories where increased surveillance 
for AI and ND may be warranted. Preliminary results show that almost all Caribbean countries/territories, 
as well as the American continent and Europe, are connected, either directly or indirectly. These results are 
being used for the development of adapted awareness campaigns for basic bird health and management and 
avian disease prevention and surveillance, in participating Caribbean countries/territories.
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Malignant catarrhal fever: a field trial of a novel vaccine strategy
Lankester, F.1, Russell, G.2, Haig, D.3, Kazwala, R.4, Naisele, M.5, Lugelo, A.4 and Cleaveland, S.1, 1Uni. 
of Glasgow, United Kingdom, 2Moredun Research Inst., United Kingdom, 3Uni. of Nottingham, United 
Kingdom, 4Sokoine Uni. of Agriculture, Tanzania, 5Simanjiro Development and Conservation Trust, 
Tanzania; f.lankester.1@research.gla.ac.uk

Pastoralists are among the world’s poorest people, and in E. Africa face a precarious existence struggling 
to retain a traditional lifestyle in the face of growing pressures on livestock production. Increasing reliance 
on crop-based agriculture, and the resulting conversion of rangelands, threatens the integrity of some of 
the world’s most important ecosystems. Control of livestock diseases is critical for improving pastoral 
production systems and supporting livestock-wildlife co-existence. Malignant catarrhal fever (MCF) is a 
fatal disease of cattle, caused by alcelaphine herpresvirus-1 (AlHV-1) that is transmitted from asymptomatic 
wildebeest calves, and has plagued Maasai communities for generations. The threat of MCF forces Maasai, 
at a time when forage quality is critical, to move cattle to less productive grazing areas to avoid wildebeest 
calves. This strategy carries a high economic cost and exacerbates the problems of a precarious lifestyle. 
Recent vaccination trials, using a live-attenuated AlHV-1 virus, showed that cattle were protected against 
experimental challenge. This study presents results of a randomized controlled field trial in Tanzania, using 
the same vaccination strategy but under conditions of natural challenge. The 2-year trial, involved a herd 
of 100 cattle, with 50 receiving vaccine and 50 adjuvant only. The herd was challenged by being grazed in 
proximity to wildebeest calves. Clinical data, and blood and nasal samples were collected to assess vaccine 
safety, immune response, infection status and clinical outcomes. We present data on the outcome of the 
trial, including results of clinical, serological and molecular analyses, which raise questions about vaccine 
protection in natural settings, and our conventional understanding of AlHV-1 transmission and pathogenesis.

Why did H5N1 HPAI disappear from Nigeria: incidence and transmission characteristics of H5N1 
HPAI outbreaks 2005-2008 in Nigeria
Henning, J.1 and Bett, B.2, 1University of Queensland, Australia, 2ILRI, Kenya; j.henning@uq.edu.au

Outbreaks of highly pathogenic avian influenza (HPAI) H5N1 occurred in Nigeria between December 
2005 and July 2008. We described temporal and spatial characteristics of these outbreaks at State and Local 
Government Area (LGA) levels and estimated the spatially smoothed incidence risk. We also quantified 
the between-village transmission coefficient (β) and the reproductive number (Re) in order to assess the 
effectiveness of control measures implemented. Thereby we classified the outbreaks into 2 phases: Phase 1 
(Dec 2005-Oct 2006) represents the period when the Government of Nigeria managed the HPAI response 
measures, while Phase 2 (Nov 2006-Jul 2008) represents the time when the Nigeria Avian Influenza Control 
and Human Pandemic Preparedness project had taken over the management. A total of 25 of 37 States 
(67.6%; 95%CI: 50.2-82.0) and 81 of 774 LGAs (10.5%; 8.4-2.8) reported HPAI outbreaks between 2005 
and 2008. The incidence risk of HPAI outbreaks at State level was 5.6% (0.7-18.7) for 2005, 50.0% (30.7-
69.4) for 2006, 54.5% (29.9-80.3) for 2007 and 0% for 2008. Only few LGAs experienced HPAI outbreaks 
within affected States. The mean period between farmers noticing outbreaks and reporting them to veterinary 
authorities and between reporting and depopulation of infected premises was for both 4.5 days. We identified 
a large corridor in the western part of Nigeria and a smaller corridor in south-eastern part, where the risk 
of HPAI occurrence was lower than in the rest of the country. The overall mean β was 0.072/day (0.055-
0.091), with both phases of the epidemic having comparable estimates. The Re was between 0.55-1.35. 
These findings suggested that intervention measures implemented in the second phase had a comparable 
effect as those implemented in the first phase. The low Re indicated that the epidemic was unstable and that 
H5N1 HPAI was unlikely to become endemic in Nigeria. The effect of HPAI control policies and possible 
ecological reasons why H5N1 HPAI did not become established in Nigeria are discussed.
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Epidemiology of subclinical salmonellosis in wild birds from NE Spain
Mainar-Jaime, R.C.1, Andres, S.1, Vico, J.P.1, Garrido, V.2, Grilló, M.J.2, Samper, S.3, Gavín, P.3 and 
Herrera-León, S.4, 1Agrifood Research and Technology Centre of Aragón, Animal Health, Spain, 2Instituto 
de Agrobiotecnología. Pamplona, Sanidad Animal, Spain, 3IIS Aragón, H.U. Miguel Servet. Zaragoza, 
Laboratorio Investigación Molecular, Spain, 4Instituto de Salud Carlos III, Madrid, Centro Nacional de 
Microbiología, Spain; rcmainar@aragon.es

The epidemiology of subclinical salmonellosis in wild birds in a region of high Salmonella prevalence in 
pigs was studied. Three hundred and seventy nine fecal samples from 921 birds captured in 31 locations 
near pig premises and 431 (581 birds) from birds from 10 natural settings far from pig farms were analyzed 
for the presence of Salmonella spp. Positive samples were serotyped and antimicrobial resistance (AR) 
test performed. Phage typing and PFGE on isolates of S. Typhimurium were carried out. The prevalence 
of Salmonella positive samples was 1.85% (95%CI=0.93-2.77). A multivariable logistic regression, with 
observations clustered by site of capture, was used to determine major factors associated to prevalence of 
salmonellosis. Prevalence was positively associated with samples collected from birds in the proximity of a 
pig operation (OR=16.5; 95%CI=5.17, 52.65), and from non-migratory (or short distance migration) birds 
(OR=7.6; 95%CI=1.20, 48.04); and negatively related to mostly-granivorous birds (OR=0.4; 95%CI=0.15, 
1.13). Typhimurium was the most prevalent serotype and 4 different XbaI PFGE patterns were detected 
that matched with the 4 phage types identified (U310, U311, DT164, DT56). The prevalence of multi-drug 
resistance was low (20%). In 3 farms a high degree of homogeneity among isolates from different birds 
was observed. These findings suggested that pig farms would facilitate the transmission of this infection 
among wild birds. The degree of bird congregation may have much to do on the infection transmission 
as phenotypic and genotypic relatedness among isolates from different birds were observed only in farms 
where abundant birds were seen.

Assessing classical swine fever control measures under uncertain viral constraints
Lange, M.1, Kramer-Schadt, S.2 and Thulke, H.-H.1, 1Helmholtz Centre for Environmental Research – UFZ, 
Dept. Ecological Modelling, Germany, 2Leibniz Institute for Zoo and Wildlife Research, Germany; 
martin.lange@ufz.de

Classical Swine Fever (CSF) is a viral disease in wild boars (Sus scrofa) and domestic pigs causing huge 
economic impact on individual farmers and national economies. The management of the disease became 
even more complicated in the last decades due to endemicity in wild boar populations in several European 
countries. Huge effort is paid on CSF control in wild boar by oral mass vaccination, but few is known 
about the efficacy of the applied measures to control or eradicate the disease. Furthermore, virulence as a 
crucial parameter for disease dynamics varies widely between CSF virus strains and is highly uncertain. 
We implemented a spatially-explicit, individual-based wild boar population model, coupled with a CSF 
virus model on the level of individual traits. The model accounts for social behaviour of boar groups 
as well as individual variations in disease outcomes. Over a range of case mortality and duration of the 
infectious period (the virulence), we tested alternative spatial baiting strategies. We compared these scenarios 
regarding the performance of the management measured by final size of the infected area and long-term 
persistence. Our analysis showed that artificial immunisation can facilitate disease persistence under certain 
conditions. High success in virus eradication as well as prevention of disease spread was only possible 
with preventive vaccination in terms of baiting in front of the epidemic wave. Buffered vaccination was 
completely sufficient to exploit the effect of vaccination of the entire area, which translates strategic needs 
into a practical management plan. A buffer radius corresponding disease spread of one year revealed suitable 
to fully exploit the potential of oral mass vaccination. Although preventive baiting strategies are not yet 
implemented in the field due to EU legislation but with marker vaccines in sight, we recommend buffered 
baiting of the area with infected animals.
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Towards eradication of rabies in Bali: review of progress
Putra, A.A.G.1, Mardiana, W.2, Brum, E.3, Hiby, E.4, Hampson, K.5 and Scott-Orr, H.6, 1Disease Investigation 
Centre, Denpasar, Indonesia, 2Provincial Livestock and Animal Health Services, Bali, Indonesia, 3FAO, 
ECTAD, Jakarta, Indonesia, 4World Society for Protection of Animals, Companion Animals, United 
Kingdom, 5University of Glasgow, Veterinary Faculty, United Kingdom, 6University of Sydney, Faculty of 
Veterinary Science, Australia; dic-denpasar@indo.net.id

Bali had been historically rabies free until the diagnosis of rabies in a human and in a dog in November 
2008. As the first suspected case of rabies in Bali was diagnosed in a person, it is likely that the disease had 
previously gone undetected for some time in the dog population. A dog incubating rabies may have been 
brought in early 2008 by fishermen through unofficial ports into Bukit peninsula, Badung district in south 
Bali. By June 2010 rabies had spread throughout the island. Disease control efforts to date have been divided 
into three phases, namely district-by-district central point dog vaccination (December 2008-September 
2010) then a first (October 2010-March 2011) and second (May 2011-September 2011) island-wide door-
to-door mass dog vaccination program. In October-December 2011, all parameters used to evaluate control 
program success (average number of rabid dogs per month, apparent monthly attack rate, rate of spread, 
detection/village, number of known infected villages, human deaths, and incidence rate of dog bites over 
dog population) showed reduction since the first phase. Rabies was not eradicated from Bali, but in this 
period was almost entirely found in the owned free-roaming dog population with an increased proportion 
of puppies infected.

Preliminary investigation into the epidemiology of endemic foot-and-mouth disease in cattle in the 
Far North, Cameroon
Garabed, R.1, Dickmu, S.2, Moritz, M.3, Saïdou Kari, _4, Ahmed, Z.5 and Rodriguez, L.5, 1Ohio State 
University, Veterinary Preventive Medicine, USA, 2LANAVET, Cameroon, 3Ohio State University, 
Anthropology, USA, 4CARPA, Cameroon, 5PIADC, USDA ARS, USA; Rebecca.Garabed@cvm.osu.edu

The Far North Region of Cameroon is at a crossroads for multiple livestock husbandry systems, international 
livestock trade routes, and foot-and-mouth disease (FMD) virus pools. Though herders and government 
veterinarians in the region identify FMD as a problem in their herds and a significant portion of herders’ 
veterinary expenditures go towards treating the disease, no vaccines are available in the region. This 
combination of herder and government interest, presence of different husbandry systems, and lack of 
artificial immunity make the area ideal for studying the epidemiology of endemic FMD. Preliminary serology 
data from a three-year prospective cohort study show an 81% prevalence of non-structural antibodies to 
FMDV in adult cattle; the presence of serotypes A, O, SAT-1, SAT-2, and SAT-3; and a 4% carrier rate based 
on presence of viral RNA in probang samples. Here we will present our initial analysis of these serology 
and PCR data as they relate to the different geographic areas and husbandry types in the region.
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Geographic epidemiology of Echinococcus multilocularis in muskrats and red foxes in Lower Saxony
Berke, O.1,2, Jardine, C.3, Pearl, D.2 and Poljak, Z.2, 1University of Guelph, Department of Mathematics 
and Statistics, Canada, 2University of Guelph, Department of Population Medicine, Canada, 3University 
of Guelph, Department of Pathobiology, Canada; oberke@uoguelph.ca

Alveolar echinococcosis is an emerging infectious disease of public health concern. The cause of the 
zoonosis is the small fox tapeworm, Echinococcus multilocularis, which thrives among the canine and 
rodent populations in endemic areas in the northern hemisphere. The purpose of this study was to investigate 
the spatial epidemiology of E. multilocularis in muskrats in Lower Saxony (Germany). The regional 
prevalence of E. multilocularis in muskrats from 43 districts in Lower Saxony (Germany) from 2007 to 
2009 was spatially analyzed. The overall prevalence in 2,963 muskrats was 2.6%, 95% CI=(2.0%, 3.2%). 
Choropleth maps were used to visualize the regional variation that ranged from 0% to 22%. Disease 
clustering was investigated by means of Moran`s I and found to be very low: I=0.06. However, a disease 
cluster was identified using the flexible shaped spatial scan test. The cluster covered 9 regions with a relative 
risk of 2.9 in the same area where a cluster in foxes was identified previously. Furthermore a geographic 
correlation study revealed that significant risk factors for the prevalence of E. multilocularis in muskrats 
were the past prevalence in muskrats (1995-1999), the past prevalence in foxes (2003-2005), as well as the 
regional landscape elevation. While previous prevalence levels in muskrats and foxes are consistent with the 
tapeworm`s lifecycle, landscape elevation might be an indicator for yet unknown risk factors. In conclusion, 
the geographic correlation of the fox tapeworm prevalence in muskrats and foxes has implications for 
human risk monitoring, as muskrats and humans are intermediate hosts of the tapeworm and might share 
a common root of infection.

Epidemiological studies of H5N1 influenza virus in Vietnam: a review from both animal and human 
health perspectives
Le, B.Q., Hall, C.D., Cork, C.S. and Russell, L.M., University of Calgary, Ecosystem & Public Health, 
Faculty of Veterinary Medicine, Canada; dchall@ucalgary.ca

To critically review epidemiological studies of H5N1 influenza A virus (H5N1) infection in both humans 
and animals in Vietnam. Published literature and reports, outlining epidemiological studies of H5N1in 
Vietnam, over the period 2003-2011 and performed by researchers with both veterinary public health 
perspective and human health perspective, were reviewed. Although Avian Influenza viruses such as H5N1 
circulating in animals pose threats to human health and increasingly are present in multi-strain mixed 
gene pool presentations and circulating among multiple hosts including humans, epidemiological studies 
of H5N1 from veterinary public health perspective were much more numerous than those from a human 
health perspective. This was true with respect to the scale of study as well as the comprehensiveness of the 
study i.e. consideration of key epidemiological components (e.g. full outbreak investigation, tracing, use of 
vaccination, spatial temporal analysis, modelling, and impact of social and social networks). Most studies 
considered either the health of either humans or animals. A few studies referred to and/or made linkages 
between human health and animal health. However, no joint efforts were identified that fully explored and 
validated the epidemiology of the animal and human interface of H5N1. Given the significant threats and 
potential impacts of H5N1 in both humans and animals, epidemiological studies in both veterinary public 
health practice and human health practice should be extended to explore the animal and human interface of 
disease. An ecohealth approach would be useful to target not only humans but also poultry and other animals 
in epidemiological studies of H5N1 and other emerging and re-emerging infectious diseases.
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Human and livestock brucellosis in two Mongolian provinces
Baljinnyam, Z.1, Selenge, T.2, Tsegeen, N.2, Dorj, G.3, Dashzevge, E.4, Roth, F.1, Zinsstag, J.1 and Schelling, 
E.1, 1Swiss Tropical and Public Health Institute, Switzerland, 2National Centre for Communicable Diseases, 
Mongolia, 3State Central Veterinary Laboratory, Mongolia, 4Veterinary Research Institute, Mongolia; 
zola.baljinnyam@yahoo.com

In Mongolia, human brucellosis is a huge public health problem and human reported cases increased steeply 
after breakdown of socialism with control of brucellosis in livestock. Study objectives were to assess 
representative human brucellosis seroprevalences among herder families and their livestock and dogs and 
to identify risk factors in Zavkhan and Sukhbaatar provinces. Also we wanted to explore associations of 
human and livestock species / dog seropositivity. We conducted cross-sectional studies with multi-stage 
random selection of herder families. We interviewed participants with an individual questionnaire, an 
animal and a hot ail (2-3 families sharing pasture) questionnaire. A blood sample was taken from randomly 
selected participants. Simultaneously, each 20 sheep and goats, 5-7 cattle or yaks and camels were sampled 
from selected hotail. Human sera tested by standard and modified Rose Bengal Tests (RBT) and indirect 
ELISA IgG and IgM classes’ antibodies against Brucella spp. Livestock serum was subjected to RBT and 
two competitive ruminant IgG ELISAs. Total 169 hot ails participated in the study. The overall human 
seroprevalence was 27%. Half cooked liver was significantly associated with seropositivity in people. 
Seropositivity was linked to a series of clinical symptoms. In Sukhbaatar 7.1% of sheep, 5.1% of goats, 
7.8% of cattle, 3.3% of camels, 0.9% of horses and 41.3% of dogs were seropositive. In contrast, in 
Zavkhan 0.06% goats and 5.0% of cattle were positive, but all tested sheep, yaks, horses and dogs were 
seronegative. We found an association on hot ail level between human and cattle seropositivity in Zavkhan.
Human seroprevalence among herder families in Sukhbaatar and Zavkhan were very high. The livestock 
was hardly vaccinated against brucellosis in the past.

A spatio-temporal analysis and detection of risk factors for bluetongue virus
Mutambanengwe, C.K. and Faes, C., Hasselt University, CENSTAT, Belgium; 
chenjerai.mutambanengwe@uhasselt.be

Bluetongue is a viral disease of domestic and wild ruminants, affecting particularly certain breeds of 
sheep with severe clinical disease, including mortality. In 2006, BTV was diagnosed in the Netherlands, 
Luxembourg, Germany, Belgium and France for the first time but by the end of the year the cases had been 
controlled. In 2007, there was a re-emergence of the disease in the region and in other surrounding areas 
including Denmark, Switzerland, the Czech Republic, as well as the United Kingdom. The focus of this 
paper was to carry out a risk factor analysis on the spread of the bluetongue virus, whilst taking into account 
spatial and temporal differences. Geographical factors available for analysis included climate data, land use, 
population, as well as available outbreak data on the scale of municipality. An initial exploratory analysis 
showed that there seemed to be a trend in the spread of BTV over time. Spatial autocorrelation tests also 
showed a significant autocorrelation between municipalities, a clear indication that local outbreaks may 
influence a municipality’s outbreaks. A zero-inflated negative binomial model was used to analyze the data 
and this model accounted for overdispersion, inflated number of zeros due to some municipalities having 
no farms as well as some farms generally having very low risk of infection. The model also allowed for 
spatio-temporal effects.
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Prevalence of Coxiella burnetii infection (Q fever) in sheep flocks and goat herds in Ontario, Canada 
and their farm workers with associated risk factors
Meadows, S.1, Menzies, P.1, Jones Bitton, A.1, Mcewen, S.1 and Jansen, J.2, 1University of Guelph, Population 
Medicine, Canada, 2OMAFRA, Veterinary Science & Policy, Canada; smeadows@uoguelph.ca

Q Fever is a zoonotic disease caused by the Coxiella burnetii bacterium. It is associated with abortion, 
stillbirth, and weak offspring in sheep and goats, as well as severe disease in humans. An ongoing human 
outbreak in the Netherlands connected to small ruminants has recently re-drawn attention to the surveillance, 
control and impact of this zoonotic disease. This study was undertaken to determine the seroprevalence and 
risk factors of C. burnetii, among small ruminants and their farm workers. This cross-sectional serological 
survey used multi-stage random sampling to select 35 breeding female animals on each of 148 small 
ruminant farms in Ontario. All farm workers in contact with the animals were invited to provide a blood 
sample. Serological analysis was performed with an IDEXX ELISA (animals) and an IFA (humans). 
Preliminary results indicate a farm-level animal seroprevalence of 56.9% (82/144 farms), and a farm-level 
human seroprevalence of 83.8% (31/37 farms). In a logistic regression univariate analysis, the following 
animal covariates had a statistically significant association with the dichotomous farm-level small ruminant 
serology status (P<0.05): the purchase of animals from sales barns (P=0.03), the use of traps rodent control 
(P=0.02), replacement animals having access to birthing areas after weaning (P=0.03), disposing of placentas 
in a manure pile (P<0.01), and the presence of other small ruminant farms within 5 km (P=0.04). Multiple 
logistic regression models will be constructed separately for sheep, goats and farm workers to examine 
potential risk and protective factors for C. burnetii seroprevalence. The information gained from this study 
will fill the knowledge gap for prevalence estimates and specific risk and protective factors in Ontario, and 
will be used to develop protocols to mitigate future risk to both humans and animals.

Mycobacterium avium subsp. paratuberculosis (MAP) and Neospora caninum: risk of transmission 
between cattle and elk in Southwestern Alberta
Pruvot, M., Musiani, M., De Buck, J., Barkema, H., Kutz, S. and Orsel, K., Faculty of Veterinary Medicine, 
University of Calgary, Canada; mpruvot@ucalgary.ca

In Southwest Alberta, cow-calf operations and wild elk share the same pastures. This wildlife-livestock 
interface may be an opportunity for inter-species transmission of pathogens. Our multi-disciplinary group 
investigated the occurrence of MAP and N. caninum in this multi-host system. Elk herds (n=10) and cow-
calf operations (n=30) were assigned to two groups based on exposure to the other species. Samples were 
collected from elk (284 sera, 697 faeces) and cattle (856 sera/faeces). To capture information on pasture 
rotation, water, feed, and health management, we conducted interviews with ranchers. We controlled 
the confounding effects of these factors in a multi-level regression analysis. Telemetry data obtained 
from collared elk and cattle were combined with interviews to study the spatio-temporal patterns of 
host interactions. Serological results suggested the circulation in both elk and cattle of MAP (<1% and 
10.7% respectively) and N. caninum (7.1% and 5.0% respectively). There was no association between 
host interaction and MAP occurrence. This may suggest an independent circulation in the two hosts but 
does not rule out inter-species transmission. For N. caninum, elk presence, domestic dogs on farm and 
proper carcass removal were significantly associated with lower serological titers (P=0.026, P=0.014 
and P=0.017 respectively), which may suggest that N. caninum distribution is mainly driven by wild 
carnivores. We studied the occurrence of MAP and N. caninum in elk and cattle in Southwestern Alberta 
using regression analysis. However, regression methods have some limitations when dealing with complex 
systems. We will explore agent-based models as an alternative to capture the dynamic of this multi-host 
system. Combined with intense site-specific field-based data collection we anticipate increased insights in 
the disease transmission dynamics.
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Risk factors for foot-and-mouth disease in Tanzania, 2001-2006
Allepuz, A.1,2, Stevenson, M.A.3, Kivaria, F.4, Berkvens, D.5, Casal, J.1 and Picado, A.2, 1Departament de 
Sanitat i Anatomia Animals, Universitat Autònoma de Barcelona, 08193 Bellaterra, Barcelona, Spain, 
2Centre de Recerca en Sanitat Animal (CReSA), UAB-IRTA, Campus de la Universitat Autònoma de 
Barcelona, 08193 Bellaterra, Barcelona, Spain, 3EpiCentre, IVABS, Massey University, Private Bag 11-
222, Palmerston North, New Zealand, 4National Epidemiology Section, Ministry of Livestock and Fisheries 
Development, Dar es Salaam, Tanzania, 5Institute of Tropical Medicine, Animal Health Department, 
Nationalestraat 155, B-2000 Antwerpen, Belgium; alberto.allepuz@cresa.uab.cat

The objective of this study was to develop a model to quantify the effect of factors influencing the spatio-
temporal distribution of FMD in Tanzania. A database comprised of reported outbreaks of FMD for 2001-
2006 was obtained from the Tanzanian Ministry of Livestock and Fisheries Development. A digital map of 
Tanzania was divided into a regular grid of 20×20 km cells and the study outcome defined as the presence of 
at least one FMD-positive village within each cell in each of the six study years. A mixed-effects Bayesian 
logistic regression model was developed to quantify the association between FMD presence and human 
population density as well as distance to major roads, railway lines, wildlife parks and international borders. 
For every year from 2001 to 2006 10 km increases in the distance of a cell from a major road decreased 
the odds of FMD by a factor of 0.73 to 0.83. Ten km increases in distance from a national park decreased 
FMD risk from 2001 to 2003 (OR 0.84-1.00) but increased the risk from 2004 to 2006 (OR 1.04-1.08). 
Ten thousand unit increases in human population density increased the odds of FMD in all years except 
2005 (OR 1.03-1.14). The spatial distribution of FMD risk in Tanzania was variable and corresponded 
to endemic (2001, 2002 and 2005) and epidemic (2003, 2004 and 2006) periods. These results support 
the hypothesis that FMD occurrence in Tanzania is related to animal movement and human activity via 
communication networks.

Seroprevalence of Q fever in small ruminants at the center of Portugal
Anastácio, S.1,2, Tavares, N.1, Martins, L.1, Pereira, A.1, Galvão, G.1, Sidi-Boumedine, K.3 and Da Silva, 
G.2, 1University School of Vasco da Gama, Department of Veterinary Medicine, Portugal, 2Faculty of 
Pharmacy, University of Coimbra, Center of Pharmaceutical Studies, Portugal, 3ANSES, Sophia-Antipolis 
Laboratory, France; sofia.anastacio@gmail.com

Recently, the increased number of Q fever cases in Europe warned health authorities. In Portugal, little 
is known about the infection by Coxiella burnetii in animals. A cross-sectional study was designed to 
investigate the exposure among small ruminants (SR) in the region of Coimbra, estimating the herd and 
individual prevalence. Sample size calculation followed 2 approaches: (1) number of herds to estimate the 
herd prevalence; (2) number of animals to detect infection in each herd. In the 4th trimester 2011, 89 SR 
herds were randomly selected: 24 of sheep, 52 of goats and 13 mixed herds. Blood samples were taken 
from 460 animals. Antibodies anti-C. burnetii were detected by using the ELISA LSIVET Ruminant Milk/
Serum Q Fever® (LSI, Lissieu-France). Laboratory results were expressed in S/P values. Results showed 
an herd prevalence of 32.6%. Positivity rate by species was 37.5% in sheep, 28.8% in goats and 38.5% in 
mixed herds. Geographic distribution of positive herds showed a frequency of 32,8%(19/58) in Coimbra, 
42,8%(7/16) in Vila Nova de Poiares, 30%(3/10) in Miranda do Corvo, 0%(0/1) in Lousã and 0%(0/4) in 
Penacova. Individual prevalence was estimated in 9.6%(44/460). Positive S/P titers ranged from 41.5 to 
185.9. S/P titers ≥100 were found in 15.9%(7/44) of sera from distinct herds. We conclude that exposure 
to C. burnetii is important in SR in this region. To our knowledge, it is the first epidemiological study in 
this region. Other species may be involved, and further work is necessary to a better understanding of C. 
burnetii epidemiology. This study is crucial to implement a control program for C. burnetii in Portugal, to 
reduce the economic impact in herds and the risk for public health.
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Circulation of bovine ephemeral fever in the Middle East: strong evidence for transmission by winds 
and animal transport
Aziz-Boaron, O., Klausner, Z. and Klement, E., Hebrew University, Jerusalem, Koret School of Veterinary 
Medicine, Israel; eyal.klement@gmail.com

Bovine ephemeral fever virus (BEFV) is an economically important arbovirus of cattle. The main routes 
of its transmission between countries and continents are not completely elucidated. This study aimed to 
explore BEFV transmission in the Middle-East. A phylogenetic analysis was performed on the gene encoding 
the G protein of BEFV isolates from Israel from 2000 and 2008 with isolates from Turkey (2008), Egypt 
(2005), Australia (1968-1998) and East Asia (1966-2004). Calf sera collected during the years 2006-2007 
were tested by serum neutralization in order to explore for recent exposure to BEFV before 2008. These 
were followed by a meteorological analysis, aimed to reveal movement of air parcels into Israel in the week 
preceding the first case of BEF in Israel in 2008. The 2008 Israeli and Turkish isolates showed 99% identity 
and formed a new cluster with the 2000 Israeli isolate. The serological survey showed no new exposure 
to BEFV during 2006 and 2007. These results coincided with the meteorological analysis, which revealed 
that air parcels originating in Southern Turkey had reached the location of outbreak onset in Israel ten days 
before the discovery of the index case. The Egyptian isolate clustered phylogenetically with the Taiwanese 
isolates, coinciding with data on importation of cattle from China to the Middle East in the year preceding 
the isolation of the Egyptian isolates. These results suggest that both winds and animal transport may have 
an important role in trans-boundary transmission of BEFV.

Complexity and controlling rabies in Bali, Indonesia
Hall, D.C.1, Willyanto, I.2, Gde Putra, A.A.3, Basuno, E.4 and Davidson, J.5, 1University of Calgary, 
Ecosystem and Public Health, Canada, 2Animal Health Consultant, Indonesia, 3Disease Investigation 
Center, Denpasar, Indonesia, 4ICASEPS, Indonesia, 5Atlantic Veterinary College, Univ PEI, Canada; 
dchall@ucalgary.ca

The first case of rabies in any species in Bali, Indonesia was diagnosed in November, 2008, resulting in at 
least 100 human deaths and hundreds of canine deaths. We used business decision management tools to 
examine the management response to rabies in Bali and conclude that the response has gone through a cycle 
of problem recognition which influenced control features. In October 2011, 14 participants of the Building 
Ecohealth Capacity in Asia project implemented by VWB/VSF-Canada met in Chiang Mai to discuss 
complexity of ecohealth problems. The Cynefin Framework is an application that matches a situation with 
a response, helping to distinguish among simple, complicated, complex, and chaotic contexts. We asked: (1) 
how is the situation being framed (simple, complicated, complex, and chaotic); (2) what are the implications 
of this framing relative to situational response; and (3) what are appropriate ways of managing rabies control 
based on the basis of this framing. Problem identification and response started as a simple process (kill the 
dogs), moved to a more complicated phase when cultural factors were identified as being important, and 
occasionally shifted into stages when control seemed out of reach (chaos according to systems theory). 
Currently in the complex phase vaccination, understanding dog ecology, and education programmes are 
being used concurrently. The vaccine confers solid protection but the ecohealth picture of rabies in Bali 
makes it difficult to analyze and control. Our team advocates an ecohealth approach addressing the fourth and 
final component of complex systems theory, complexity itself. We suggest identification and understanding 
of the phases of complex problems such as rabies is important to developing sustainable solutions.
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Bluetongue and epizootic hemorrhagic disease in La Réunion; a burden on ruminant farming
Rieau, L.1,2,3, Esnault, O.2, Maquart, M.1,4, Roger, M.1,3, Sailleau, C.5, Zientara, S.5 and Cardinale, E.1,3, 
1CRVOI, Reunion, 2GDS Réunion, Reunion, 3CIRAD, BIOS – UMR 15 CMAEE, France, Metropolitan, 
4CYROI, Reunion, 5ANSES, UMR 1161 Virologie, France, Metropolitan; matthieu.roger@cirad.fr

Since 2002, the livestock of Réunion Island has been subject to reoccurring outbreaks of Bluetongue 
(BT) and Epizootic Hemorrhage Disease (EHD). To find out a solution to this problem, that can have 
severe financial implications to ruminant farmers, a study was carried out between March and September 
of 2011. The aims of this study were: (1) to confirm the circulation of the viral agents in relation to both 
host reservoirs and insect vectors; (2) to assess the health status of Réunion Island’s livestock; and (3) to 
identify major risk factors pertaining to ruminant farming due to these viruses. A total of 254 cows from 
51 farms and 206 sheep and goats were chosen randomly for testing. Multiple blood samples were taken 
from all sampled animals. Farming procedures and environmental conditions were assessed for each farm 
via a questionnaire. Any animal exhibiting clinical symptoms of viral infection was also tested. Serology 
was done using commercially available LSIVET kits, viral detection was performed via RT-PCR and 
genotyping was performed externally. Logistic regression was used to assess potential risk factors after 
a fist of univariate analysis (Chi2). Serology studies suggested that ~50% of ruminants were positive for 
Bluetongue and ~40% for EHD. EHDV-1 virus was detected in ~5% of animals and bluetongue variant 2 
was detected in ~1%. Statistical analysis showed that the major risk factors for Bluetongue and EHD viral 
infection of ruminant livestock include; the category of the reared livestock, the presence of organic waste, 
the presence of a water source and the proximity of another farm. Those results are the first step to a better 
understanding of what could happen in the futur in Western Europe.

Risk factors for infection with Babesia species in cheetah-breeding centres in South Africa
Golezardy, H., Oosthuizen, M.C., Thompson, P.N. and Penzhorn, B.L., Faculty of Veterinary Science, 
University of Pretoria, Veterinary Tropical Diseases, South Africa; Peter.Thompson@up.ac.za 

Babesiosis, which occurs world-wide in tropical, subtropical and even temperate regions, is a protozoal 
infection transmitted through the bite of an ixodid tick. The vector of cheetah-associated Babesia species 
is unknown to date, however, it is assumed to be tick-transmitted. Prevalence of Babesia species infection, 
gender, age and tick burdens of cheetahs were investigated at two cheetah-breeding centres in South Africa. 
A total of 103 cheetahs were included in the study; blood in EDTA was collected from each animal. The 
hypervariable V4 region of the 18S rRNA geneof Babesia species was amplified by polymerase chain 
reaction (PCR). Combination of PCR and reverse line blot (RLB) hybridization assay produced 500 bp DNA 
fragments specific for felid Babesia species gene on electrophoresis and revealed that 58% of cheetah blood 
samples tested positive. A total of 1137 ticks, recovered from cheetahs at both localities, were identified as 
Amblyomma hebraeum, Haemaphysalis elliptica and Rhipicephalus simus based on morphological features. 
A multiple logistic regression model showed that cheetahs with high tick burdens were more likely to be 
infected with Babesia species than those with low tick burdens (Odds ratio=32; 95% CI: 6.3, 166; P<0.001) 
and than those with medium tick burdens (OR=12; 95% CI: 2.4, 61; P=0.002). Adjusting for tick burden and 
locality, the risk of infection with Babesia species was significantly higher as the cheetahs aged (P=0.039). 
There were no significant effects of gender or locality on the risk of harbouring Babesia species. This is 
the first study to show a strong positive correlation between infection with Babesia species in cheetahs and 
the presence of suspected vector ticks.
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Epidemiology, ecology & socio-economics of disease emergence in Nairobi
Fevre, E.M.1,2, Woolhouse, M.E.J.2, Davila, J.3, Grace, D.1, Kang’ethe, E.4, Kariuki, S.5, Kyobutungi, C.6, 
Robinson, T.7, Rushton, J.8 and Tacoli, C.9, 1International Livestock Research Institute, Nairobi, Kenya, 
2Centre for Immunity, Infection & Evolution, School of Biological Sciences, University of Edinburgh, 
United Kingdom, 3Development Planning Unit, University College London, United Kingdom, 4Department 
of Public Health Pharmacology & Toxicology, University of Nairobi, Kenya, 5Centre for Microbiology 
Research, Kenya Medical Research Institute, Kenya, 6African Population & Health Research Center, 
Nairobi, Kenya, 7Food & Agriculture Organization, Rome, Italy, 8Royal Veterinary College, London, United 
Kingdom, 9International Institute for Environment & Development, London, United Kingdom; 
eric.fevre@ed.ac.uk

We describe a research programme aiming to understand the mechanisms of pathogen emergence into 
urban populations. We focus on livestock as sources of emerging diseases. What is it, exactly, about urban 
environments that might predispose to an emergence event, & what is the contribution of livestock keeping 
to this? We are investigating two key aspects. Firstly, does urban livestock keeping pre-dispose people to 
acquiring new or more diverse microbial flora? Is the risk compounded by poverty? How is the microbial 
flora influenced by the keeping of livestock? Secondly, we examine exposure to livestock products traded 
for food or other purposes. Do supply chains for these products bring people into contact with microbial 
diversity over & above what is otherwise experience? Why do people source food from particular places, & 
what influences the microbial flora to which people are exposed through food? Why do supply chains exist 
in the way that they do, & how might they change as demand for products changes with urban change? We 
address these questions examining in detail the city of Nairobi, Kenya.

Transmissibility and other characteristics of HPAI in Indonesian village poultry
Jost, C.1, Bett, B.1, Poole, J.1, Azar, M.2, Murahman, J.2, Daju, D.1,2, Mclaws, M.1, Schoonman, L.1, Unger, 
F.1 and Mariner, J.1, 1ILRI, Kenya, 2HPAI CMU, MOA, Indonesia; j.mariner@cgiar.org

This study was designed to measure the transmissibility of Type A H5N1 highly pathogenic avian influenza 
(HPAI) in mixed populations of backyard and small-scale commercial chickens in Java. An approach adapted 
from infection tree reconstruction was used to trace affected chickens and households in neighborhoods 
(RTs) in which HPAI had been diagnosed by Indonesia’s surveillance system. Of the 41 outbreaks studied, 15 
were in RTs participating in a mass vaccination program. The study found that backyard chickens were free 
range, visiting a mean 4.2 households. Commercial poultry were present within the village in nearly half of 
the outbreaks, although they were affected in only 7.3%. The distance from the index to the closest unaffected 
household was significantly greater than that from the index to the closest affected. Mean morbidity was 
80.9±28.8%, mortality 77.6±27.7%, and case fatality 97.3±12.3%. There was significant risk for outbreaks 
to occur in households where Muscovy ducks, non-commercial chickens, broilers and geese were kept, but 
there was not a significant risk associated with keeping pigeons or ducks (Anatidae family not including 
Muscovy). Introduction of new birds to a household flock was most frequently documented to have led to 
the introduction of the disease to an RT, while contact between birds from different household flocks was 
most frequently documented to have contributed to spread. Transmission between birds within flocks was 
significantly higher than transmission between flocks, between birds within flocks in vaccinated areas was 
significantly lower than in unvaccinated areas, and between flocks in vaccinated areas was significantly 
lower than in unvaccinated areas. Our findings indicate that backyard poultry populations as they occur on 
Java provide the necessary environment for indefinite HPAI transmission.
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Risk of introduction of alphaviruses responsible for American equine encephalitides in Belgium
De La Grandière, M.A.1, Dal Pozzo, F.1, Francis, F.2, Caij, A.B.3 and Thiry, E.1, 1University of Liège, 
Veterinary Virology and Animal Viral Diseases, Department of Infectious and Parasitic Diseases, Belgium, 
2University of Liège, Gembloux Agro-Bio Tech, Department of Functional and Evolutionary Entomology, 
Belgium, 3Veterinary and Agrochemical Research Centre, Virology, Belgium; ana.delagrandiere@ulg.ac.be

Arthropod-borne viruses are a threat for human and animal healths in regards with their dissemination out 
of their endemic area. The arboviruses reviewed here belong to the family Togaviridae genus Alphavirus 
and are small enveloped positive sense RNA viruses. They are considered as exotic equid pathogens in 
Europe and can cause severe diseases in humans in the context of an epidemic. Arboviruses have complex 
epidemiologic features characterised by interactions between viruses, vectors, reservoir or susceptible 
host species, and environment. A bibliographic search was performed to identify the mean factors that 
influenced past outbreaks in America and the presence of potential vectors/vertebrate hosts that could 
play a role in the transmission cycle in Belgium. Three equine arboviruses, currently considered as the 
main current threats of emergence/introduction in Western Europe, were chosen as model for this study: 
Eastern equine encephalitis virus (EEEV), Western equine encephalitis virus (WEEV) and Venezuelan 
equine encephalitis virus (VEEV). In conclusion, taking into consideration the globalisation (increase of 
international exchanges) and climate warming, the analysis of the different features of the arbovirus cycles 
are essential to a balanced risk expertise in the Belgian context. Research supported by the Belgium Federal 
Public Service, Health, Food Chain Safety and Environment.

Co-infections: biological patterns in multiple-infected hosts
Fevre, E.M.1,2, De Glanville, W.A.1,2, Doble, L.F.1,2, Cook, E.A.1,2, Bronsvoort, B.M.D.E.C.3, Wamae, N.4 
and Kariuki, S.4, 1International Livestock Research Institute, Nairobi, Kenya, 2Centre for Immunity, Infection 
and Evolution, School of Biological Sciences, University of Edinburgh, United Kingdom, 3Roslin Institute, 
University of Edinburgh, United Kingdom, 4Centre for Microbiology Research, Kenya Medical Research 
Institute, Kenya; eric.fevre@ed.ac.uk

We report on the results of work on zoonotic and non-zoonotic pathogen co-infections arising as part of 
a large project dealing with zoonotic diseases amongst livestock, livestock keepers and non livestock 
keepers in a study site in Western Kenya. Domestic livestock are an important source of zoonotic infections 
to humans, particularly in rural parts of Africa. Understanding the relative risks of livestock-keeping in 
such systems, as well as the role of co-infection in driving disease burden, matter in the formulation of 
evidence-based public health policy. We explore the spatial distribution of co-infections between multiple 
zoonotic and non-zoonotic infections, in both humans and cattle, and examine the impact of co-infection on 
health status, measured by diverse clinical indicators, also in cattle and human hosts. For humans, we test 
whether livestock keeping, and whether the infection status of the livestock kept, explains infection status 
in humans. These results have an important bearing on the design of interventions to control the impacts 
of zoonotic diseases in endemic areas.

Poster topic 05 Poster 42

Poster topic 05 Poster 41



288 ISVEE – Book of Abstracts 2012

Population dynamics in Kampong chicken and consequences for HPAI vaccination: results of a field 
trial in Java
Unger, F.1, Priyono, W.2, Siregar, E.3, Azhar, M.3, Bett, B.1, Mclaws, M.1, Jost, C.1 and Mariner, J.C.1, 
1International Livestock Research Institute, Kenya, 2Disease Investigation Centre, Wates, Indonesia, 3FAO, 
Campaign Management Unit, Indonesia; F.Unger@cgiar.org

Until today HPAI in poultry is considered to be endemic in most of the Indonesian provinces since it was 
officially declared in 2004. Vaccination is used as one of the control strategies targeting layer and breeder 
farms but also Kampong (village) chicken. Limited information is available on the scope of off-take and 
replacement occurring in Kampong chicken populations under field condition and their effects on HPAI 
vaccination. To collate information on population dynamics in Kampong chicken, twelve communities with 
300-500 chickens each have been enrolled in this trial. Chicken exit/entries as well as disease/mortality 
events were intensively monitored in weekly intervals. The trial was carried out between July 2008 and 
August 2009 in two Districts of Yogyakarta, Java. Results indicate that 39-44% of chickens were younger 
than two months of age over time and more than two-thirds of chickens were younger than four months, 
respectively. Adult chickens represented only 10% (male) and 20% (female) of the total population. Though 
overall population size within the selected communities was relatively stable, the number of chickens 
changed widely within age classes. In each observed quarter, there was a 43% or higher turnover of the 
population (43-72%). Observed changes were related to socio-cultural events such as holidays or begin of 
school. From our results we can conclude that approximately 40% of a natural backyard population will 
be un-vaccinated by 60 days after the onset of a vaccination campaign. Considering this high population 
turnover rate, even a quarterly vaccination regime including a booster round is required will have difficulty 
achieving effective flock immunity levels. This results in high costs, poses a significant logistical challenge 
and suggests mass vaccination is not a practical approach to sustained control of HPAI.

Slaughterhouse workers as reservoirs of zoonotic disease
Cook, E.A.J.1, Gibbons, C.L.1, Bronsvoort, B.M.D.2, Kariuki, S.3 and Fèvre, E.M.1, 1University of Edinburgh, 
Centre for Immunity, Infection and Evolution, United Kingdom, 2University of Edinburgh, Roslin Institute, 
United Kingdom, 3Kenya Medical Research Institute, Centre for Microbiology Research, Kenya;
e.a.j.cook@sms.ed.ac.uk

Slaughterhouse workers are considered a high risk group for zoonotic disease due to increased contact 
with animals, animal products and excreta. Globally, slaughterhouse workers have been shown to have an 
increased seroprevalence to zoonotic pathogens, though no such studies exist in Kenya. Slaughterhouse 
workers may also act as reservoirs of these zoonotic organisms and asymptomatic carriage of pathogenic 
bacteria has been demonstrated. This study aimed to determine the carriage of enteropathogens in 
slaughterhouse workers in rural western Kenya and to determine if there was asymptomatic carriage of 
Staphylococcus aureus specifically Methicillin Resistant S. aureus (MRSA). This study was conducted 
in the Lake Victoria Crescent region of western Kenya. Five hundred slaughterhouse workers from this 
region were asked a comprehensive questionnaire regarding risk factors for zoonotic disease, faecal samples 
were collected for examination and culture and a nasal swab was cultured for S. aureus. This study reports 
on the seroprevalence of Salmonella spp, Shigella spp, pathogenic Escherichia coli and Campylobacter 
spp. in these individuals as well as reporting the nasal carriage of S. aureus and MRSA. This is the first 
community based study regarding S. aureus and MRSA in Kenya. The asymptomatic carriage of these 
organisms in slaughterhouse workers highlights a reservoir that may be important in the dissemination of 
these pathogens. The study further comments on the risk factors for infection with these pathogens and 
suggestions are made for simple hygiene interventions that can reduce disease in slaughterhouse workers 
and dissemination to the wider community.
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Ovine seroprevalence of Coxiella burnetii in the U.S. and its meaning for disease control
Marshall, K.L.1, Emery, M.P.2, Kristensen, C.R.1 and Kopral, C.A.1, 1USDA APHIS Veterinary Services, 
Centers for Epidemiology and Animal Health, USA, 2USDA APHIS Veterinary Services, National Veterinary 
Services Laboratory, USA; Katherine.L.Marshall@aphis.usda.gov

Coxiella burnetii, the causative agent for Q fever, is endemic in the US and is considered to be an important 
cause of abortions in both sheep and goat populations. Heightened awareness of the potential for large scale 
outbreaks in both animal and human populations has increased concern for knowledge of the background 
prevalence of infection in endemic areas. In response to this uncertainty, a seroprevalence estimate of a 
representative sample of the U.S. sheep population was conducted as part of the National Animal Health 
Monitoring System (NAHMS) study in 2011. A representative sample of flocks were contacted in twenty-
two States which accounted for 70% of U.S. sheep operations and 85% of U.S. sheep. Blood was collected 
from 13,129 adult ewes on 563 operations. Sera were tested for antibodies to C. burnetii using the Enzyme-
Linked Immunosorbent Assay (ELISA). Of the 563 operations 16.9% had at least one positive sample. Of 
ewes tested, 301 (2.3%) were seropositive for C. burnetii. The apparent operation-level seroprevalence 
was 12% in small operations (20-99 ewes), 17.3% in medium operations (100-499 ewes) and 26.7% in 
large operations (>500 ewes). Regionally, fewer operations in the West were positive (7.3%) than in either 
the Central (24.4%) or East (18.4%) regions. Additionally, 81% of producers who participated in the 
NAHMS study indicated unfamiliarity with Q fever. The low animal-level seroprevalence combined with 
lack of familiarity with the disease provides opportunities for potentially large numbers of newly infected 
animals and disease transmission. Vaccine is currently unavailable in the U.S. thus control is limited to 
producer education and Q fever risk mitigation through management of manure, birthing material, lambing 
management, and other biosecurity measures.

Risk factors for foot and mouth disease in beef cattle herds in Israel
Zamir, L., Elnekave, E. and Klement, E., Hebrew University, Jerusalem, Koret School of Veterinary Medicine, 
Israel; eyal.klement@gmail.com

Epidemics of foot and mouth disease (FMD) occur frequently in Israel and are mostly caused by viruses of 
serotype O. Due to this reason vaccination of cattle, sheep and pigs in Israel are mandatory. During 2011, 
a large epidemic occurred in Israel, which involved 26 localities that included 30 beef herds, 11 feedlots, 
4 dairy herds and 8 sheep flocks. We analyzed the risk factors for the appearance of clinical signs in adult 
cattle in beef herds by comparing 25 affected herds (at least 1 case in an adult cow) and 26 non-affected 
herds. In multivariate analysis two risk factors were discovered; abundance of calves under the age of 6 
months in the herd (adjusted odds ratio (OR)=10.6 (CI95%=1.7-64.7) and the elapse of more than 6 months 
from last vaccination (OR=8 (1.2-53.2)). In order to analyze the pattern of virus spread we measured the 
distance between each affected herd and the most adjacent herd affected prior to it. This analysis revealed 
that whereas for beef herds this distance averaged 3.2 km (range 0.2-8.9 km), for feedlots it averaged 
19.9 km (range 2-43.7 km) (P=0.01). We conclude that the dispersion of FMD virus between beef cattle 
herds differs significantly from the dispersion to feedlots. In beef herds the virus spreads by direct contact 
between grazing herds and amplified by the abundance of young non-vaccinated calves, while spread to 
feedlots is mainly associated with long distance transportation of animals (mostly calves). These findings 
have important implications for the control of FMD.
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Sanitary and phytosanitary measures regulating sheep exports from Sudan
Salih, H.A.M.1 and Ibrahim, A.E.2, 1Ministry of Animal Resources and fisheries, general directorate of 
Animal Health And Epizootics control, Sudan, 2University of khartoum, Faculty of Veterinary Medicine, 
Department of preventive medicine and veterinary public health, Sudan; huyamamin@yahoo.com

Sudanese sheep is exported from Port Sudan quarantine in the Red Sea to many countries one of them 
is the kingdom of Saudi Arabia which sometimes rejects some ships using sanitary reasons arbitrarily. If 
Sudan joins the World Trade Organization (WTO), then, the Agreement on the Application of Sanitary and 
Phytosanitary Measures (SPS) will play an important role in regulating animal trade and Sudanese sheep 
exporting sector can benefit from this agreements in protecting its exports and create new markets for the 
Sudanese sheep.Data was collected from Port Sudan veterinary quarantine in the Red Sea from the annual 
and monthly reports during the period from 1999 to 2005.Results showed that about 4.4% to 14.5% from 
the monthly exports of sheep were rejected in the year 2005 and 5% of the annual exports of the year 2000 
due to sanitary reasons, there is no rejection during the months of the Pilgrimage hence there is an increasing 
demand for sheep to ElHaddi (sheep slaughtering during Pilgrimage). The other important point that the 
rejected sheep is re-inspected and re-tested thoroughly and then re-exported and it is accepted by the same 
veterinary administration of Saudi Arabia which reject it due to disease reasons just before days or weeks. 
This could be an indicator for using sanitary measures as a disguised restriction for trade.

GIS based spatial and temporal analysis of rabies in Bhutan
Tenzin, T.1,2, Ward, M.2 and Dhand, N.2, 1Regional Livestock Development Centre, Wangdue, Bhutan, 
2Faculty of Veterinary Science, University of Sydney, Australia; tenzin.tenzin@yahoo.co.uk

In this study, we describe the spatio-temporal patterns of rabies in domestic animals in Bhutan. A Geographic 
Information System and spatial statistics were used to visualize the spatio-temporal distribution of rabies 
cases in dogs and cattle. Moran’s I test and LISA statistic were performed to asses the global and local 
clusters of cases. A spatial interpolation analysis using inverse distance weighing method (IDW) was used 
to interpolate the reported rabies cases. The resulting interpolation was then displayed as a continuous, 
graduated colour surface of the centroid of each reported sub-district. Rabies outbreak cases were mapped 
and analysed using directional tests (mean center and standard deviational ellipse), weighted by the date 
of report of cases to understand the distribution and direction of spread. Rabies cases in animals (mostly in 
dogs and cattle) were mainly reported in southern parts of Bhutan, bordering India. The trend of reported 
cases was relatively stable until 2005, but increased during both 2006 and 2008 due to reemergence of rabies 
in eastern and south west Bhutan. Significant clusters (P<0.05) of high numbers of cases were observed 
in eastern, south central and south west Bhutan. There was also a significant (P<0.05) spatio-temporal 
correlation between reported cases in dogs and in cattle. The distribution of cases during major outbreak 
followed the road network and towns with high human and dog density, suggesting human population 
characteristics played an important role in the spread of disease. Our analysis confirmed a significant spatial 
distribution of rabies in Bhutan, with increased incidences in southern Bhutan. We recommend that rabies 
prevention program should be focussed in these ‘hot spots’ and highly endemic areas. Mass vaccination 
of dogs in this region would create an immune buffer (cordon sanitaria) and prevent rabies incursions into 
the interior Bhutan.
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Assessment of the financial consequences of ten years bovine spongiform encephalopathy in Germany
Probst, C.1, Gethmann, J.1, Heuser, R.2, Niemann, H.3 and Conraths, F.J.1, 1Friedrich-Loeffler-Institut, 
Federal Research Institute for Animal Health, Institute of Epidemiology, Germany, 2Federal Ministry 
of Food, Agriculture and Consumer Protection, Germany, 3German Animal By-products Association, 
Germany; joern.gethmann@fli.bund.de

The first autochthonous case of Bovine Spongiform Encephalopathy (BSE) in Germany was detected 
on 26 November 2000 in the course of voluntary testing. Since then, a total of 413 BSE cases have been 
confirmed, resulting in the culling and destruction of 17,313 heads of cattle. In Germany, the legislation 
prevailing in the European Union was supplemented with a number of national regulations leading to extra 
requirements relating to (1) BSE surveillance in cattle; (2) the number of carcasses that had to be condemned 
after detection of a BSE case in a slaughterhouse; and (3) the feed ban, which also included animal fats. We 
assessed the cost implications of control measures enacted in response to BSE for Germany. The highest 
costs were caused by BSE-induced regulations on animal by-products (removal of Specified Risk Material, 
extension of the feed ban to all livestock, compulsory incineration of category 1 material, etc.) with a total 
of about 1.5 billion Euros. BSE surveillance in cattle cost 594 million Euros, an intervention programme to 
stabilize the beef market implemented in 2001/2002 about 64.7 million Euros, and compensation payments 
for culled cattle in BSE affected farms including animal value, culling, rendering and safe disposal about 
20 million Euros. Other cost factors accounted for in this study included research with more than 7 million 
Euros, destruction of carcasses following the detection of a BSE positive animal in a slaughterhouse with 
3.4 million Euros and epidemiological investigations on the BSE affected farms with about 1.2 million 
Euros. The total economic impact of BSE in Germany between 2000 and 2010 is estimated to amount to 
more than 2 billion Euros.

Risk-based prioritisation of surveillance for exotic animal diseases in northern Australia
Cookson, B.1, Sergeant, E.S.G.2 and Martin, P.A.J.3, 1Australian Department of Agriculture, Fisheries and 
Forestry, Australia, 2AusVet Animal Health Services, Australia, 3Department of Agriculture and Food, 
Western Australia, Australia; evan@ausvet.com.au

The Australian Department of Agriculture, Fisheries and Forestry conducts surveillance for the early 
detection of exotic animal diseases across northern Australia through its Northern Australia Quarantine 
Strategy program. A review of relative risks posed by significant diseases was conducted in order to prioritise 
risks for each of 28 geographic ‘risk areas’, thus enabling informed surveillance planning and resource 
allocation. In a three-day expert opinion elicitation workshop 14 diseases with potential for introduction 
via unregulated or natural pathways were allocated relative likelihood scores for each of introduction, 
establishment and spread in each risk area. The scores were then normalised and combined to produce a 
risk profile for each disease across the risk areas. Risk maps were produced for each individual disease 
and for combinations of diseases with similar epidemiological parameters to assist in communicating the 
outcomes of the risk review process to decision-makers and the public. The final ‘risk rating’ for each area 
combined likelihood scores for multiple diseases, using weightings based on their relative (among-disease) 
likelihoods of occurrence and scores for their likely national consequences. This ensured that resulting 
surveillance policy would reflect economic and social risk. This risk review process provided a practical 
approach for the prioritisation of targeted surveillance effort for exotic animal diseases across a broad 
geographic region of Australia.
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An industry-level analysis of potential intangible and economic impacts affecting Australian pork 
producers during an emergency animal disease control program
Wilson, S.J., Ward, M.P. and Brookes, V., University of Sydney, School of Veterinary Science, Australia; 
sarah-jane.wilson@sydney.edu.au

Emerging and transboundary diseases have been responsible for dramatic impacts on human health, the 
economy, trade, animal health and biodiversity in Australia and around the world. The Australian pig 
industry’s health status provides it with a competitive advantage. Freedom from major transboundary 
diseases – such as foot-and-mouth disease and classical swine fever – secures access to international 
markets and enables producers to invest in their businesses free from the complication of major disease 
incursions, ensures the industry’s future sustainability and allows it to meet community standards for food 
production. Planning for a disease response is driven by many factors. Among these factors, the cost of 
the response is often the single most important driving factor. However, cost involves more than the actual 
financial cost of the response. It involves a number of intangible elements and the views of a diverse 
range of stakeholders. For example, human health, environmental and sociological consequences need to 
be considered. Currently, a unifying framework for such decision-making is unavailable. Application of 
a newly developed framework to several diseases that concern the Australian pig industry will facilitate 
dialogue on what is the best response to minimize the impact of incursions of such diseases. This novel 
framework for economic analysis of animal health emergencies incorporates risk assessment, tangible and 
intangible elements and a value-added cost-benefit analysis. These case studies assess the comparability, 
applicability and accountability of different response actions through producer perspectives. An example of 
the application of this framework for a disease which threatens the Australian pig industry will be presented.

Use of the npv, irr and bcr in the ex-post financial evaluation of a vaccination program against foot 
and mouth disease during the period 2000-2006 in Venezuela
Márquez, C.1 and Castro, J.2, 1School of Veterinary Sciences, Central University of Venezuela, 
Socioeconomics, Venezuela, 2Former Chief of the Division of Animal Control of SASA (INSAI), Health 
Animal, Venezuela; marquezcl2003@hotmail.com

The economy is increasingly present in all facets of the fight against animal diseases and in all areas of 
society. The economic and financial analysis can improve the quality of decisions on the allocation of funds 
to animal health control programs. The objective of this research was to financially evaluate (ex-post), the 
eradication program of foot-and-mouth disease (FMD) in the municipality of Bolivar, the state of Yaracuy, 
Venezuela, during the period 2000 to 2006. The methodology used was the Cost-Benefit Analysis (CBA), 
which is often used to evaluate and compare these programs ex-ante. The results of this CBA include a set of 
criteria such as the Net Present Value (NPV), the Internal Rate of Return (IRR), and the Benefit-Cost Ratio 
(BCR), all of which are components of the evaluation of investments. To undertake this investigation, the 
program costs for the producers and the state, as well as the losses caused by the FMD were estimated. A 
total of 40 production units engaged in the operation of producing cattle, which were affected by the disease 
during the year 2003, were surveyed. The NPV, IRR and BCR indicators for the eradication program of 
FMD in the study area during the period in question, produced the following results: NPV: 147,856 (Bs.F), 
IRR: 74% and BCR: 1.27. The results of the present investigation indicate that the vaccination program 
used was profitable during the period studied.
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Agricultural resource management survey and national animal health monitoring system data 
analysis: cow-calf case study
Johnson, K.K.1, Pendell, D.L.2 and Stone, K.L.1, 1USDA-APHIS, USA, 2Colorado State University, USA; 
Dustin.Pendell@colostate.edu

The USDA-National Animal Health Monitoring System (NAHMS) collects farm-level animal health and 
production information through national studies. The USDA-Economic Research Service (ERS) collects 
farm-level financial and economic information through the Agricultural Resource Management Survey 
(ARMS). This research will evaluate if appropriate data and methodologies are available to add value to 
both data sets. The first phase of this research compares demographic estimates from ARMS and NAHMS 
to the 2007 Census of Agriculture values to determine if ARMS and NAHMS samples represent the national 
population. The second phase of this research compares estimates for similar topics from ARMS and 
NAHMS to determine response similarity. For Phases 1 and 2, statistical tests were conducted to determine if 
operations in five size categories and four regions from NAHMS and ARMS were different from each other. 
The third phase of this research seeks to complement estimates from NAHMS related to animal health with 
estimates from ARMS related to economics. This phase attempts to identify segments of the U.S. cow-calf 
industry that are more likely to use certain production practices that promote animal health and then evaluate 
economic measures of profitability for those segments. Initial results from Phase 1 show that most sample 
proportions and the national population proportions for segments of the cow-calf industry are the same. 
Even though some sample and national population proportions are statistically different from each other, 
the numerical difference is small. Initial results from Phase 2 demonstrate that responses to questions about 
specific topics asked on both surveys are similar, thus producers responded in a consistent manner. Phase 3 
does not reveal statistical empirical evidence to determine causal relationships; it reveals trends, patterns, 
and associations between producer’s production practice decisions and the associated economic benefits.

Resource needs predicted for an FMD outbreak in Minnesota, USA
Gale, S.B.1, Miller, G.Y.1,2 and Wells, S.J.1, 1Center for Animal Health and Food Safety, University of 
Minnesota, St. Paul, MN 55108, USA, 2Department of Pathobiology, University of Illinois, Urbana, IL 
61802, USA; galex066@umn.edu

Foot-and-mouth disease (FMD) is a trans-boundary disease occurring regularly around the world generating 
major international concerns. Outbreaks of FMD that occur in FMD-free countries cause major disruptions 
not only in livestock production, but affect other industries as well. The impacts of outbreaks can be large 
and may affect international trade, national, state and local economies in a variety of ways. This paper builds 
on our work simulating and describing FMD spread and control in Minnesota (MN)(see companion papers). 
The objective of this study was to use estimates of the epidemiological consequences of FMD spread and 
control in MN to estimate resource needs during an outbreak. The North American Animal Disease Spread 
Model (NAADSM) was used to develop and compare scenarios. Epidemiological output included means 
of number of infected herds, duration of outbreak, duration of active disease spread, and herds and animals 
vaccinated or depopulated. Mean disease duration and mean number of animals infected were larger when 
disease began in a dairy as compared to a swine operation. When vaccination was not implemented, these 
mean values were 27 days and 8,000 animals when disease began on a swine operation and 54 days and 
62,000 animals when disease began on a dairy. These results suggest that we may anticipate that an FMD 
outbreak beginning in a MN dairy is likely to result in longer and larger outbreaks than an outbreak beginning 
in swine. This has important implications for resource needs for outbreak response. In a dairy herd index 
scenario, with maximum capacity of 1,500 herds vaccinated per day, the mean number of animals infected 
and destroyed ranged from 14,000 to 17,000. We will describe important resource needs such as doses of 
vaccine used, numbers of herds vaccinated and the number of personnel used for different modeled scenarios.
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Shorter-term risk of Mycobacterium bovis in Irish cattle inconclusive reactor to the single intradermal 
comparative tuberculin test
Clegg, T.A.1, Good, M.2, Duignan, A.2, Doyle, R.2 and More, S.J.1, 1UCD School of Agriculture, Food Science 
and Veterinary Medicine, Centre for Veterinary Epidemiology and Risk Analysis, Ireland, 2Department of 
Agriculture, Food and the Marine, Ireland; margaret.good@agriculture.gov.ie

In Ireland, bovine tuberculosis (bTB) is detected using abattoir surveillance and an annual single intradermal 
comparative tuberculin test (SICTT) on all cattle. Animals are standard inconclusive reactor (SIR) if the 
bovine response is >2 mm and 1-4 mm > the avian response at the SICTT. The owner has three choices for 
SIR management: 1 have the SIR retested after a minimum of 42-days (inconclusive reactor retest, IRR); 2 
slaughter the SIR and, provided it has no visible lesions, have a full herd test 42-days after the SIR left the 
herd; 3 slaughter the SIR and have lymph nodes bTB examined by histology and/or culture. We examine 
the bTB risk for SIRs at slaughter prior to the IRR, at the IRR, and the future bTB risk of TIR animals 
(‘transient SIRs’; SIRs negative to SICTT at IRR) that left the herd within 6 months of the IRR. We also 
investigate factors associated with the future bTB status of SIRs at slaughter prior to the IRR and at the 
IRR. The study population included all SIRs identified between 2005 and 2009 inclusive in a herd otherwise 
Officially TB free (OTF). Between 11.8% and 21.4% of SIRs slaughtered prior to the IRR were confirmed 
bTB positive at post mortem (using histology or culture if histology was not definitive), compared to 0.13-
0.22% of SICTT −ve cohort animals. TIRs that moved out of the disclosing herd within 6 months of the 
IRR were 12 times more likely to be bTB positive at the next test/slaughter compared to all animals in the 
national herd. The same increased risk did not apply to the SICTT −ve cohort animals that moved out of 
the same herds at the same time. Based on a range of measures, SIRs and TIRs are each at increased bTB 
risk into the future. Consequently, differential treatment of TIR animals would be justified.

Development and assessment of animal-based welfare indicators at the slaughterhouse for monitoring 
cattle welfare
Korff, P.1, Reist, M.1, Blaha, T.2, Meemken, D.2 and Fahrion, A.S.1, 1VPH Institute, Univ. Bern, Switzerland, 
2Field Station f. Epidemiology, Tiho Hannover, Germany; anna.fahrion@vetsuisse.unibe.ch

A very recent scientific opinion of EFSA on the welfare assessment of dairy cows concluded that animal-
based welfare indicators, identified on the basis of scientific evidence, can be effectively used in the 
evaluation of the welfare of dairy cattle on farm in relation to laws, codes of practice, quality assurance 
schemes and management. Some of these animal-oriented (instead of resource-oriented) measures are 
applicable for ante-mortem or post-mortem inspection and thus can be taken at the slaughterhouse. The 
identification, development and assessment of such objective indicators that are easily and reliably to record 
on a nationwide basis meets a political demand (e.g. EU strategy for the Protection & Welfare of animals 
2012-15). Little work in this area has been dedicated to cattle so far, thus our study aims to develop and assess 
animal-based welfare indicators for calves, beef and dairy cows recordable at slaughter. In a first step, we 
carried out a questionnaire based survey among Swiss veterinarians working in slaughter animal inspection 
and meat control to integrate their opinion on prevalence and feasibility on a list of indicators derived from 
literature review and expert opinion. In a second step, we carried out a continuous data collection over 
one year in two of the largest Swiss cattle slaughterhouses and developed simple, rapid, repeatable scoring 
systems for the assessment of the potential indicators (ongoing). A third step will validate the significance 
of the indicators by tracing back from our slaughterhouse findings to the situations on the farms of origin. 
Such indicators, collected nationwide, stored in a central system and analyzed on farm level could be used 
for categorization of farms with respect to welfare quality and be implemented in the frame of planning 
risk-based official welfare controls on farms. The ongoing work, current results, and a preliminary repertory 
of indicators will be presented.
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Export market recovery in the face of disease outbreaks: a summary of findings for various diseases 
and species
Johnson, K.K.1, Stone, K.L.1, Seitzinger, A.H.1 and Pendell, D.2, 1USDA:APHIS, USA, 2Colorado State 
University, Department of Agricultural & Resource Economics, USA; Dustin.Pendell@colostate.edu

In some countries, the livestock sector is heavily dependent on income generated from exports. During 
or after disease outbreaks, trade bans may be imposed by trading partners and some countries may self-
impose export bans. This loss of customers may extend the time for a country’s export market to recover 
from a disease outbreak. Other factors such as disease type, product type and value, world supply, disease 
management timelines, outbreak size and duration, and country credibility may all influence the length of 
market recovery. In addition, political changes, price changes, weather, consumer response, and many other 
factors can have an impact on the length of export market recovery. Over the last decade and a half, countries 
throughout the world have experienced disease outbreaks that affect cattle, poultry, and swine. The World 
Organization for Animal Health (OIE) has guidelines for regaining free status for diseases of paramount 
concern. Many of these guidelines state a three to six month timeline after utilizing a stamping-out policy. 
Countries in Asia, Europe, North America, and South America all experienced outbreaks of disease over the 
stated time period. The species affected included cattle, poultry, and swine. An evaluation of the impacts 
of 8 different diseases affecting these species in 16 countries is presented in the analysis. An analysis of 
time elapsed from the announcement of a livestock disease outbreak until a country regains its international 
market can inform other countries of the potential impacts following an outbreak. Analysis shows that export 
markets can take longer than three to six months for export revenues to return to pre-outbreak levels. In 
some cases export markets may not recover. This work focuses on the drivers of differences in recovery 
times. The analysis shows that recovery time is dependent on the disease, the species impacted, and the 
trading partners of the affected countries.

Longer-term risk of Mycobacterium bovis in Irish cattle inconclusive reactor to the single intradermal 
comparative tuberculin test
Clegg, T.A.1, Good, M.2, Duignan, A.2, Doyle, R.2, Blake, M.2 and More, S.J.1, 1UCD School of Agriculture, 
Food Science and Veterinary Medicine, Centre for Veterinary Epidemiology and Risk Analysis, Ireland, 
2Department of Agriculture, Food and the Marine, Ireland; margaret.good@agriculture.gov.ie

In Ireland, new bovine tuberculosis (bTB) cases are detected by field and abattoir surveillance. During field 
surveillance, an animal is a ‘standard inconclusive reactor’ (SIR) to the single intradermal comparative 
tuberculin test (SICTT) if the bovine response is >2 mm, and 1-4 mm > the avian response. Little is known 
about the future infection risk posed by transient SIR (TIR) animals (SIR animals that pass a subsequent 
test). We critically evaluate the future bTB status of TIR animals, by examining the future risk of bTB 
diagnosis over the 4 years following initial SIR diagnosis and clearance at the subsequent retest. The study 
included all TIRs initially identified as SIRs in 2005 in otherwise free herds at tests with no other reactors. 
The analysis is restricted to cows that did not leave the herd, other than direct to slaughter, to the end of 
2009. Five control cows were randomly selected from each study herd. A parametric survival model with 
shared frailties, to account for clustering within herds, was developed to model time from passing a retest 
to future bTB diagnosis. The final parametric survival model contained the variables: TIR status in 2005, 
inconclusive status during the follow-up period, location, herd restricted during the study, time since last 
restriction within the herd and age. The time ratio for the TIR status variable was significant (P<0.001) 
indicating that on average the time to diagnosis with bTB for TIRs was 78% shorter compared to the non-
TIRs. The frailty term was significant (P<0.001) indicating that animals within some herds were more likely 
to become reactors compared to other herds. These results have important implications for national policy 
and future management of TIR animals.
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Using the analytic hierarchic process to priority mussels diseases in Chile
Maino, M.1, Cortés, M.2, Kobrich, C.1 and Urcelay, S.1, 1Facultad de Ciencias Veterinarias Universidad 
de Chile, Chile, 2Servicio Agricola y Ganadero, Chile; surcelay@uchile.cl

Both an unfavourable relationship between needs and resources, and opportunity costs of resources are the 
reasons to prioritize in animal health. Setting priorities in animal health is the selection of health problems 
or animal health programmes (or activities) that must be addressed first so that an improved performance 
of the animal health system at any of its levels is achieved.Prioritization is always difficult, because it is 
normally done in a context of limited information and in a restricted space of time. This reality forces 
regional or national health services to assign budgets according to historical patterns, missing the opportunity 
to allocate resources in areas with greater returns. An additional difficulty for prioritization is the need to 
consider simultaneously different dimensions. The purpose of this study was to prioritize diseases of mitilids, 
according to their potential damage for Chilean industry, so that resources are allocated efficiently. To do 
so, a model using the Analytic Hierarchic Process was build and solved using Expert Choice. The model 
considered 10 diseases, only one of which has been found in Chile (heme Neoplasia of the mussels). The 
remaining diseases are unknown in Chile. Three decision criteria were used: (1) diffusion and infectivity 
probabilities; (2) economic consequences with impact on trade and productivity, biological consequences 
considering patogenicity and virulence; and (3) control or eradication. The models results showed that 
Marteilia refringens, mitilid viral disease and Haplosporidium tumefacientis are the diseases with highest 
priority, i.e. those on which Chile should take special attention. Although the use of AHP does not guarantee 
an optimal decision, it must be acknowledged that the use of AHP allows taking decisions based on a 
detailed analysis of the problem and a synthesis of relevant information based on knowledge, experience, 
and preferences of stakeholders taking part of the decision making process

Improving research utilization and evidence-informed policy-making in agri-food public health 
through knowledge translation and transfer
Young, I.1,2, Rajic, A.1,2 and Mcewen, S.1, 1University of Guelph, Department of Population Medicine, 
Canada, 2Public Health Agency of Canada, Laboratory for Foodborne Zoonoses, Canada; 
ian.young@phac-aspc.gc.ca

Knowledge translation and transfer (KTT) aims to ensure that the best available research knowledge is used 
to inform policy and practice decision-making. Many frameworks, methods and terms have been used to 
describe KTT, primarily in the health sector, and there is a need to summarize these principles and how 
they could be applied on agri-food public health issues. A mixed-method review was conducted to identify 
and synthesize comprehensive reviews, reports and commentaries describing KTT in various sectors. A 
pre-tested search strategy was implemented in five online databases (Medline, Scopus, CAB Direct, Current 
Contents Connect and CINAHL) on July 25, 2011. Two independent reviewers screened the identified 
abstracts for relevance, characterized the relevant articles, and conducted a qualitative thematic analysis 
on a prioritized selection of these articles. A total of 160 relevant articles were characterized and 33 were 
prioritized for thematic analysis. Most articles were narrative reviews (81.9%) and were published in the 
health sector (80.0%). Twenty-two KTT methods were identified, including five synthesis (e.g. systematic 
review), nine dissemination (e.g. policy briefs) and eight exchange (e.g. knowledge brokering) methods. 
Five thematic areas were identified as key characteristics for successful KTT: relevant and credible research 
knowledge; ongoing communication and collaboration between researchers and end-users; organizational 
support and culture; monitoring and evaluation; and understanding the policy-making process and context. 
This review has identified key methods and principles for successful KTT that should be used by researchers 
and end-users to help bridge the gap between science and policy in the agri-food public health sector.
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Efficacy of primary processing interventions on contamination of beef carcasses with Escherichia 
coli: a systematic review-meta-analysis
Greig, J.1, Waddell, L.1,2, Wilhelm, B.1,2, Wilkins, W.3, Bucher, O.1,2, Parker, S.4 and Rajić, A.1,2,4, 1Public 
Health Agency of Canada, Canada, 2Ontario Veterinary College, Canada, 3Saskatchewan Ministry of 
Agriculture, Canada, 4Western College of Veterinary Medicine, Canada

Interventions have been investigated to recommend effective strategies to reduce Escherichia coli on beef 
carcasses during primary processing. However, results are inconsistent or contradictory. A formal evaluation, 
synthesis and translation of the research knowledge is necessary to avoid recommending ineffective practices 
and to determine key knowledge gaps. Identify, critically evaluate and synthesize published intervention 
research reporting the efficacy of treatments at the abattoir level post-transport to chilling, on E. coli 
contamination of beef carcasses using replicable systematic review (SR)-meta-analysis (MA) methodology. 
A search of four electronic bibliographic databases identified studies for SR-MA. Separate random-effects 
MAs were conducted for each unique intervention outcome dataset and pooled effect estimates were 
presented with heterogeneity. Thirty-six citations reporting 202 trials were included in the SR-MA. MA of 
final carcass washing (OR 0.56, CI: 0.41-0.77), pasteurization (OR 0.09, CI: 0.06-0.14) and 24 hour dry 
chilling (OR 0.17, CI: 0.11-0.24) data showed a reduced odds of E. coli carcass contamination. The combined 
effects of potable water wash, steam or hot water pasteurization and a 24 hour dry chill, assuming no 
additional contamination and all other variables constant, resulted in the reduced generic E. coli prevalence 
of 1.22% (CI 0.17, 3.57). The existing research indicates that final wash, hot water or steam pasteurization, 
and dry chilling are beneficial for reducing the generic E. coli contamination of beef carcasses. Access to 
proprietary intervention research and in-plant processing unpublished data could increase understanding 
and confidence in current processing intervention knowledge.

Economic impact of an alternative cost and responsibility sharing scheme for epidemic livestock 
diseases in the EU
Bergevoet, R.H.M. and Van Asseldonk, M.A.P.M., LEI part of Wageningen UR, Netherlands; 
ron.bergevoet@wur.nl

To evaluate different options for enhancing the current EU scheme for co-financing of emergency measures 
by the Veterinary Fund (VF) the economic impact of alternative Cost and Responsibility Sharing Schemes 
(CRSS) were evaluated. The CRSS consist of the following parts: risk sharing based on a Bonus-Malus 
system (BM) instead of a fixed reimbursement rate by the VF to MS’s, reduction of reimbursement rate 
in case of large outbreaks for MS’s, and a Public Private Partnership (PPP) within a MS to facilitate 
responsibility and cost sharing between government and stakeholders. The impact of alternative CRSS 
compared to the present system were analysed by means of a stochastic dynamic simulation model. Diseases 
included were FMD, CSF and AI, and the analyses focussed on the Netherlands. Given a vaccination strategy 
for FMD and CSF and a culling strategy for AI, expected future total costs for the VF amounted 13.34 
Million € per 10 year for a hypothetical BM scheme (90% CI 8.33-46.63) and 15.15 Million € (CI 90% 
8.59-55.36) for the present scheme. If culling strategies are applied for FMD, CSF and AI, compensated 
losses by the VF comprised 15.49 Million € (90% CI 5.25-78.69) versus 17.75 Million € (90% CI 5.13-
93.89). The impact of a reimbursement reduction in case of a large on-going outbreak in combination with 
a malus for future outbreaks will reduce the budgetary impact for the VF considerably. Implementing a 
bonus to MS’s for implementing a PPP increases the costs for the VF. However, a 22% damage reduction 
per outbreak or a reduction in probability of outbreaks of around 30%, or a combined reduction of damage 
and frequency of 14% would offset the extra cost of a 5% point reimbursement bonus. The level of these 
reductions are likely to be feasible according to experts and stakeholders. More extreme values in the CRRS 
scheme will decrease the co-finance part by the VF, and vice versa. In general, the CRRS will achieve a 
more prevention-driven and incentive oriented approach than the current scheme.
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Developing a disease prevention strategy in the Caribbean: the importance of assessing animal health 
related risks at the regional level
Percedo Abreu, M.I.1, Guitian, J.2, Hackshaw, K.3, Pradel, J.4, Gongora, V.5, Lefrancois, T.4 and Caribvet 
Epidedemiology, W.G.6, 1Centro Nacional de Sanidad Agropecuaria, Mayabeque, Cuba, 2Royal Veterinary 
College, London, United Kingdom, 3Veterinary Services, Ministry of Agriculture, Forestry and Fisheries, 
Richmond Hill, St. Vincent & Grenadines, 4CIRAD UMR CMAEE, Petit Bourg, Guadeloupe, 5Belize Poultry 
Association, Cayo District, Belize, 6CaribVET, members on www.caribvet.net, Guadeloupe; 
ellskrh@gmail.com

In 2009, the Caribbean Animal Health Network (CaribVET) conducted a survey among Caribbean national 
Veterinary Services to assess perceptions towards the use of risk assessment (RA) by animal health services 
in the region and to identify the main exotic diseases of concern in the region and their means of introduction. 
The results showed that the introduction of live animals was considered the most likely route of introduction 
of exotic animal pathogens into the region, followed by the informal introduction of animal products by 
boat passengers. The use of RA was considered important (in descending order): (1) to avoid or reduce 
contamination of the human food chain (food safety); (2) to identify vulnerability factors for potential 
impact of emerging (exotic) and re-emerging diseases in order to improve emergency plans; (3) to prevent 
the introduction of exotic diseases through live animals for trade; and (4) to identify high-risk areas 
for introduction of exotic diseases. The diseases considered by the countries/territories with a highest 
introduction risk were Highly pathogenic avian influenza (16), Foot and mouth disease (10), Rabies (9), 
Newcastle disease (7) and Classical swine fever (6). The results were used to define a regional strategy for 
assessing animal health risks that highlights the importance of intra-regional exchanges.

Review of Brucella abortus surveillance in Great Britain
Paiba, G.A.1, Honeyman, P.C.1, Blissitt, M.J.2, Brouwer, A.3, Roberts, H.C.1 and Wyllie, S.M.H.4, 1Animal 
Health & Veterinary Laboratories Agency, United Kingdom, 2Scottish Government, United Kingdom, 3Welsh 
Assembly Government, United Kingdom, 4Department for Environment, Food and Rural Affairs, United 
Kingdom; giles.paiba@ahvla.gsi.gov.uk

Bovine brucellosis is a zoonotic disease traditionally caused by an infection with the bacterium Brucella 
abortus. B. abortus is now exotic to Great Britain and is notifiable; suspicion of disease must be reported 
to the Competent Authority so that infection can be controlled and eradicated. GB has been Officially 
Brucellosis Free (OBF) since 1985. Making the assumption that GB’s OBF status that underpins cattle 
trade within the European Union is to be retained, a review of the surveillance and control activities in 
GB was conducted to assess whether they were still effective, legislatively compliant, proportionate and 
value for money. Existing surveillance was targeted at imports from non-OBF countries and GB-resident 
breeding cattle. A Qualitative Risk Assessment evaluated the risk of re-introducing disease to GB and the 
potential for disease to spread. The risk of importation has dropped significantly since a review in 2006 as a 
result of a reducing disease prevalence in countries that export cattle to GB. A total of 12 recommendations 
were agreed and implemented. These: (1) maintain and raise the awareness of the need to report clinical 
suspicion; (2) target imported and post-imported cattle on the basis of risk; (3) make no changes to artificial 
insemination bull monitoring; (4) reduce active surveillance in the national herd by reducing the frequency of 
bulk milk testing; and (5) define communication routes and consistency of approach in response to abortion 
notifications and disease suspicion. Implementation of the recommendations was undertaken collaboratively 
by the governments of England, Scotland and Wales and the veterinary and industry communities in GB. 
This paper uses a science-based logic to implement a fit-for-purpose, risk-based approach to surveillance 
for B. abortus in GB in order to maintain OBF status.
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Key factors for sustainability of regional animal health networks: CaribVET example
Pradel, J.1, Faverjon, C.1, Laurent, M.1, Kackshaw, K.2, Gongora, V.3, Kalloo, M.4, Shaw, J.5 and Lefrancois, 
T.1, 1CIRAD, UMR CMAEE, Guadeloupe, 2Vet services, St. Vincent & Grenadines, 3Belize Poultry 
Association, Belize, 4CARICOM Secretariat, Guyana, 5USDA APHIS IS, Dominican Republic; 
jennifer.pradel@cirad.fr

CaribVET is a collaborative network of veterinary services, research institutes and regional/international 
organizations whose objective is to improve animal and veterinary public health in the Caribbean. Set 
up on a bottom-up process about 15 years ago, CaribVET progressively achieved recognition and was 
officially endorsed in 2006 by the CARICOM as the Caribbean Animal Health Network. In 2010, it 
expanded to 32 countries and territories and 10 regional/international organizations. Its operation relies 
on a Steering Committee, a Coordination Unit and 6 working groups. Efficient and coordinated set of 
initiatives, projects and funding from different partners, mutual trust and responsibilities handover are 
essential for its sustainability. Quality Assurance principles are being implemented including formalized 
organization, clear rules (trilingual charter), and traceability (members, data) to improve network efficiency 
and operation. Interaction between professionals working in research, surveillance or control allows the 
definition of (1) relevant research questions according to needs evidenced in the field; (2) scientifically-based 
recommendations/tools to improve prediction of emergence (pathogen evolution, population dynamics); 
disease surveillance (design risk-based surveillance) and control strategies (appropriate treatment, vaccine, 
vector controls). Such interactions ensure implementation by decisions makers of research outputs, guarantee 
of sustainable improvement of animal health. These approaches contribute to network long-term operation 
to be complemented by cost-benefit studies and performance indicators development to gain advocacy of 
policy makers at the highest level of country members, about the essential role of CaribVET to support 
national networks and improve their prediction, prevention and control capacities.

Cost benefit analysis of adoption of bovine brucellosis control measure in Brazil: preliminary results
Alves, A.J.1, Rocha, F.1, Soares Ferreira Neto, J.1, Ferreira, F.1, Amaku, M.1, Salvador Picão Gonçalves, V.2 
and Dias, R.A.1, 1University of São Paulo, Brazil, 2University of Brasilia, Brazil; anajulia@vps.fmvz.usp.br

The aim of the present work is to estimate the costs and benefits of the adoption of bovine brucellosis 
control in 13 Brazilian States and to compare the strategies between the States and evaluate their economic 
viability. The base case is the scenario where no actions are taken, allowing the comparison with the 
implemented actions of control. The benefits of the base case are: meat and milk production; revenues 
with outward live animals. The costs of the base case are: reposition of females; inward live animals. The 
benefits of brucellosis control measures are: reduction of milk and meat production; abortion; infertility 
of aborted females; perinatal mortality; increase of interval between parturition; mortality of aborted cow; 
increase in replacement requirement. The costs of the control strategy are: vaccination of the eligible heifers 
and veterinary costs. So far, preliminary results for two States were achieved: In Mato Grosso and São 
Paulo, the prevalence of seropositive animals was 10,25% (2003) and 3,81% (2001), respectively. From 
this information, the evaluation period until a prevalence of 2% is reached and the benefit-cost ratio were 
calculated. Considering 70%, 80% and 90% of the vaccination of heifers, the evaluation period were 27, 
24, 22 years and the ratio between benefit cost ratio of control strategy and the base-case was between 
1,005-1,095 (optmist and pessimist scenario, respectively) in Mato Grosso State and 14, 13, 11 years and 
the ratio between benefit cost ratio was between 1,003-1,011 in São Paulo State.
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Effect of emergency vaccination against outbreaks of foot-and-mouth disease in the Republic of Korea
Yoon, H.1, Kim, J.H.1, Chung, H.J.1, Yoon, S.S.1, Kim, D.G.1 and Zinsstag, J.2, 1Animal, Plant, and Fisheries 
Quarantine and Inspectioin Agency, Veterinary Epidemiology Division, Korea, South, 2Swiss Tropical and 
Public Health Institute, Department of Epidemiology and Public Health, Switzerland; heleney@korea.kr

An emergency vaccination against foot-and-mouth disease (FMD) was implemented during the biggest 
epidemic in the winter of 2010/2011 in Korea. Then it was extended throughout Korea and settled as a large-
scale preventive scheme with a vaccination-to-live policy. A vaccination reduces the risk of transmitting 
FMD among animals and farms, however the levels of protection may vary by animal species and farm 
types. In this study, the effect of vaccination against FMD was measured to understand why pigs were 
more seriously affected even with emergency vaccination. Cases of Hongseong, Chungcheongnam-do, 
where the FMD was confirmed on 127 pig farms but not on beef and dairy cattle farms, were examined. A 
deterministic model on between-farm transmission of FMD was constructed under Susceptible-Infected-
Removed structure. The model was fit in account of numbers of susceptible and new report of FMD positive 
farms in each day. Scenarios on control measures including vaccine coverage and efficacy, culling, and pre-
emptive slaughter were simulated. The goodness of fit of the model was better when the study population 
constituted only swine farms than including whole cloven-hoofed animal farms in the area. Assuming that 
almost 80% of swine farms were already vaccinated when the first case of the area was confirmed, very little 
efficacy of preventing transmission among pig farms was measured from the vaccination. An increase of 
vaccine coverage did not influence to the number of infected farms in the simulation models, while increases 
of the vaccine efficacy proportionally decreased the number of infected farms predicted by simulations. It 
must be associated with the strategy of vaccination that the injection was not simultaneously carried out on 
all age classes in the swine farms, while all animals in each cattle farm were vaccinated at once.

Horse managers’ perceived vulnerability to a future equine influenza outbreak: application of 
behavioural theory
Schemann, K.1, Firestone, S.M.1, Taylor, M.R.2, Toribio, J.-A.L.M.L.1, Ward, M.P.1 and Dhand, N.K.1, 1The 
University of Sydney, Faculty of Veterinary Science, Australia, 2University of Western Sydney, School of 
Medicine, Australia; kathrin.schemann@sydney.edu.au

A growing body of work shows the benefits of applying behavioural theory to investigate biosecurity 
practices. According to the protection motivation theory, used to predict protective health behaviours, 
perceived level of vulnerability contributes to threat appraisal, which influences behavioural change, such as 
adoption of a biosecurity practice, in complex interplay with other factors. This study, conducted following 
the first-ever outbreak of equine influenza in Australia in 2007, investigated factors associated with horse 
managers’ perceived vulnerability to a future equine influenza outbreak. Face-to-face interviews were 
conducted with 200 horse managers and factors associated with ordinal ratings of perceived vulnerability 
were identified using logistic regression. When asked about their feelings of vulnerability to a future outbreak 
of equine influenza, 32% of respondents felt very vulnerable, 37% felt vulnerable and 31% did not feel 
vulnerable at all. Receiving infection control information from a sporting or breeding association or society 
(OR=3.02; 95% CI: 1.65-5.64) or a non-veterinarian horse professional (OR=1.92; 95% CI: 1.01-3.68) 
during the 2007 outbreak were associated with increased ‘very vulnerable’ ratings, adjusted for age and 
gender. In addition, managers who felt unprepared for a future outbreak were associated with increased 
‘very vulnerable’ ratings (P=0.023). In contrast, being involved in horse racing (OR=0.21 95% CI: 0.07-
0.61) and being located in rural areas further from the city of Sydney were associated with reduced levels 
of perceived vulnerability (P=0.024). To promote biosecurity compliance, we suggest that future biosecurity 
communication strategies take into account these findings and are targeted at the racing and rural sectors.

Poster topic 06 Poster 21

Poster topic 06 Poster 20



ISVEE – Book of Abstracts 2012 301

Economic consequences of immediate or delayed insemination of a cow in oestrus
Steeneveld, W.1 and Hogeveen, H.1,2, 1Wageningen University, Netherlands, 2Utrecht University, 
Netherlands; wilma.steeneveld@wur.nl

In several previous studies the optimal calving interval of a dairy cow was determined. Knowing the optimal 
calving interval is however not very useful because insemination decisions have to be made at the moment 
the cow is in oestrus. In the current study, a user friendly decision support tool that can be used by dairy 
farmers to determine the economic consequences of immediate or delayed insemination for a cow in oestrus 
is developed. The tool is a deterministic model and build in Microsoft Excel. The whole lactation of an 
individual cow was simulated and daily milk yields were estimated using modelled lactation curves. The 
probability of oestrus detection and conception are made cow-specific and are dependent on the daily milk 
production. The user of the tool has to enter average herd and cow characteristics, such as 305-day milk 
production, day in lactation and parity. The user of the tool also has to enter economic parameters such as 
the revenues for a calf and the costs per insemination. The tool calculates the expected number of calves, 
the number of inseminations, the probability of culling, the calving interval and the milk production of a 
cow for both insemination alternatives. These numbers were used in a partial budget approach to compare 
the costs and revenues of both insemination alternatives. The utility of the tool was illustrated using data 
on 90 cows in oestrus (provided by ten Dutch dairy farmers). For the majority of cows the best decision 
was to immediately inseminate the cow in oestrus, but for most heifers with a flatter lactation curve the best 
decision was to delay the insemination. The economic effect of delaying the insemination was however 
small, on average -€18 per cow per year. This tool can be used by farmers to help making the best economic 
decision for a cow in oestrus.

Effect of parity on culling and fertility in dairy cattle in Japan: the Hamanaka study
Nakada, K.1, Oikawa, S.1, Kubota, M.2 and Takahashi, I.3, 1Rakuno Gakuen University, Laboratory of 
Veterinary Herd Health, Japan, 2Kushiro Agricultural Mutual Relief Association, Japan, 3Hamanaka-cho 
Agricultural Cooperative, Japan; kenn@rakuno.ac.jp

A present study was conducted in order to assess the actual status of effect of parity on culling and fertility in 
dairy cattle of grassland farming in northern Japan using event-time analysis. Dairy herd improvement data, 
clinical records and farm management data were collected from 2002 to 2010 in 170 herds in a region. The 
overall median of cow number, calving interval and days open were 61, 432 days and 159 days, respectively. 
Ratios of tie-stall feeding system and grazing system were 79 and 76%, respectively. Multivariable analysis 
was selected to moderate conditions depending on aria, farm, herd, and/or cattle. The proportional hazards 
model with some confounder and moderator variables was used to analyze the effect of parity. Start time 
was calving, time events were set culling or insemination with the pregnancy (IWP) and follow-up time was 
200 days after calving for clarifying involuntary events. Total 17 confounder or moderator variables were 
prepared for the analysis, which were the number of cows, production level, the state of farm management, 
year and season of calving and so on. The data of total 60,782 cows were extracted. Parity were divided 
into 5 groups, parity 1, 2, 3, 4 and more than 4 (>4). The adjusted hazard ratios (AHR) for culling of parity 
2, 3, 4 and >4 compared with parity 1 were 1.17 (95% CI: 1.06-1.28), 1.82 (1.66-1.99), 2.46 (2.25-2.69) 
and 3.96 (3.66-4.28), respectively. The AHR for IWP of parity 2, 3, 4 and >4 compared with parity 1 were 
0.91 (0.89-0.94), 0.85 (0.83-0.88), 0.79 (0.76-0.82) and 0.77 (0.75-0.80), respectively. These results show 
the increase in parity of dairy cattle in this region becomes high the risk of involuntary culling and loss 
of fertility. We propose that veterinarians should advise dairy farmers about herd health and production 
management with consideration for the parity status of the herd.
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Production losses in small ruminants due to Brucella melitensis: a systematic review
Bruce, M., Guitian, J. and Rushton, J., Veterinary Epidemiology and Public Health, Royal Veterinary 
College, United Kingdom; mbruce@rvc.ac.uk

Robust epidemiologic and livestock production data is essential in order to conduct sound economic analyses 
of livestock disease impact and disease control. Brucellosis has long been thought to have a considerable 
effect on livestock production and most studies highlight the fact that the control of brucellosis is of 
economic importance. It has been reported that abortion due to brucellosis is about 3-5% and estimates on 
the drop in milk production fall between 10-25%. However, these estimates are based on studies conducted 
for Brucella abortus in cattle and there is an apparent paucity of readily accessible data estimating the impact 
of B. melitensis in small ruminants. Therefore the aim of the study was: (1) to identify, evaluate, critically 
appraise and synthesise research reporting the effect of B. melitensis on production in small ruminants 
(sheep and goats); and (2) highlight knowledge gaps or where evidence is weak, thus indicating areas 
where further research is needed. A systematic review was conducted according to a predefined protocol 
based on Cochrane guidelines. Published peer-reviewed studies were eligible for inclusion in the review, 
as was grey literature such as dissertations, conference proceedings, government papers and reports. Grey 
literature was subject to the same quality assessment as peer-reviewed studies. All studies concerning the 
association between B. melitensis and production parameters in small ruminants were included. Studies 
were then assessed independently for risk of bias and quality of evidence as classified according to the 
SIGN (Scottish Intercollegiate Guidelines Network) system, which was modified to include cross-sectional 
studies. The results will be presented and the implications for economic analyses discussed.

Assessment of the economic losses caused by trichinellosis in Croatia
Legen, S., Tadić, M. and Pavlak, M., Faculty of Veterinary Medicine, University of Zagreb, Department of 
Veterinary Economics and Epidemiology, Croatia; marina.pavlak@vef.hr

Trichinellosis is a zoonotic disease which can have a high health, social and economic impact. The goal of 
this study was to assess the direct or indirect costs associated with human and animal trichinellosis in Croatia. 
Since it is difficult to measure all the costs, especially indirect ones, the aim was to measure as many costs 
as possible, arising as an economic consequence of the disease in Croatia. These costs fall into two groups: 
(1) costs related to human trichinellosis (losses due to illness and sick leave: costs of treatment, diagnostics 
and hospitalisation of patients; employer costs for sick leave; costs during sick period met by the Croatian 
Institute for Health Insurance (HZZO), costs related to employees’ income losses due to sick leave); and 
(2) costs caused by animal trichinellosis (the reimbursement of costs to the owners of infected animals; 
costs of safe disposal of animals; costs of diagnostic procedures and preventive treatments). The study was 
conducted for the period 1998-2006. In this period 1,527 diseased persons were registered. Out of 6.3 million 
examined meat samples from households and 7.1 million examined meat samples from slaughterhouses, 
positive were 0.22% and 0.032%, respectively. The total cost for this nine-year period amounts to 45.8 
million EUR. The costs related to human trichinellosis amount to 4.2 million EUR. Economic losses caused 
by animal trichinellosis are estimated at 41.6 million EUR. Enormous losses caused by trichinellosis have 
a great impact on national budget and this zoonotic disease constitutes a great public health problem as 
well. Therefore, continuing implementation of control and preventive measures that could decrease losses 
is of great importance.
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Animal health and environmental pollution
Humphry, R.W., Tongue, S. and Gunn, G.J., Scottish Agricultural College, Epidemiology Research Unit, 
United Kingdom; roger.humphry@sac.ac.uk

Animal production, like all land-based industries needs to satisfy societal demands for pollution control. We 
have examined the areas of greatest concern of environmental pollution arising from either lack of animal 
health or measures to improve animal health in sheep, cattle, pigs and poultry. In particular we have focussed 
on: veterinary pharmaceutical products such as acaricides; pathogens – (antibiotic resistance, VTEC, Johnes, 
listeria, toxoplasmosis and Salmonella); eutrophication (especially nitrogen enrichment from slurry); and 
greenhouse gases. We present an overview of the pollution problems associated with animal production in 
Scotland, compare animal production as a source of pollution with other sources of pollution in Scotland to 
provide context, and consider possible mitigation measures. In the process of reviewing this topic we have 
interviewed practicing vets to establish what they perceive the most important pollution from production 
animals and we present a summary of their responses.

Estimating the total costs of rearing a dairy young stock using a simulation model that accounts for 
calf diseases
Mohd Nor, N.1,2, Steeneveld, W.3, Mourits, M.C.M.3 and Hogeveen, H.2,3, 1Universiti Putra Malaysia, 
Malaysia, 2Utrecht University, Netherlands, 3Wageningen University, Netherlands; 
Norhariani.mohdnor@wur.nl

Rearing a dairy young stock provides the future dairy cows. Most dairy farmers are not aware of the rearing 
costs, consequently the rearing of dairy young stock does not often get the attention it requires. Calculating 
the distribution of the rearing costs is difficult as the costs interrelate with biological processes. In this study, 
a calf level simulation model was built (using @Risk adds-on in Excel) to estimate the distribution of the 
rearing costs in the Netherlands from two weeks of age until first calving. The uncertainties related to calf 
diseases (calf scours and bovine respiratory disease) such as temporal effects on the growth were included. 
In addition, growth was modelled stochastically and in a detailed manner by using a two phase growth 
function. All input for the model was based on scientific literature and expert knowledge (veterinarians 
and nutritionists). Costs were estimated using 20,000 simulations. The output of the model consisted of 
non-economic output such as birth weight, first calving age and weight. In addition, the economic output 
consisted of healthcare costs (prevention costs and treatment costs), feed costs, barn costs, breeding costs 
and labor costs. The total costs of rearing a dairy young stock were estimated as €1,567 per successful reared 
heifer and varied between €1,423 and €1,715. Reducing the age of first calving with one month, reduced the 
total costs ranged between 2.6% and 5.7%. Although the average expenditures for diseases were not high, 
the rearing costs of a heifer that experienced disease (20% of the simulated heifers) were on average €95 
higher than of a healthy heifer. In conclusion, the total costs of rearing a dairy young stock are high. The 
average costs for healthcare and mortality costs are relatively low. However, the costs for disease cases are 
considerable, making prevention of diseases during young stock rearing important.
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Alternative strategies for risk financing of high consequence animal disease outbreaks in the United 
States
Chung, J.1, Umber, J.1, Miller, G.1,2 and Hueston, W.1, 1University of Minnesota, Center for Animal Health 
and Food Safety, USA, 2University of Illinois, Department of Pathobiology, USA; gymiller@illinois.edu

High consequence animal diseases (HCADs) are diseases such as foot-and-mouth disease (FMD) and 
classical swine fever (CSF) that could have devastating economic and social impacts within the United 
States (US). For example, FMD losses for a US outbreak could be on the order of tens of billions US$. 
Because HCADs would be so costly, it is essential to explore alternative risk financing strategies. An 
additional impetus for exploring alternative risk financing strategies is the apparent intensifying risk of 
these diseases worldwide (e.g. FMD in Asia, Africa, and the Middle East; CSF in South America and the 
Caribbean) together with increased intercontinental trade and travel. Currently, the US government offers 
financial compensation to animal owners for loss incurred as a result of the taking and destruction of their 
animals, animal products, equipment, and other property on the order of the government (e.g. due to the 
occurrence of certain animal diseases, including HCADs). This form of compensation by the government 
is referred to as indemnity in the US. We explore risk strategies that go beyond indemnity and a purely 
public sector approach. Alternative strategies (some theoretical, some in use internationally) are evaluated 
for their potential as an alternative risk financing instrument in the US. Major approaches examined 
include public-private partnerships (e.g. loans, levies, and tax relief), industry arrangements (e.g. farming 
contracts, cooperatives, and partnerships), and insurance models (e.g. government subsidized and private). 
Complexities of alternative strategies are discussed.

Prevalence of ketosis in high producing dairy cows of Kagugu dairy farm, Shema farm and Tnk farm
Nsengimana, O.1, Huston, J.E.2 and Ramer, J.3, 1Mountain Gorilla Veterinary Project, PREDICT Rwanda 
Field Assistant, Rwanda, 2Mountain Gorilla Veterinary Project, Agricultural Project Coordinator, USA, 
3Indianapolis Zoo, Associate Veterinarian, USA; nsengimanao@yahoo.fr

Malnutrition is a major affliction of the human population in Rwanda. A primary effort to combat this 
affliction is to increase the genetic potential of dairy cattle. Increased genetic potential requires increased 
management. National and international projects such as One Cow Per Poor Family are designed to distribute 
animals to impoverished families for combating human malnutrition but do not provide improved animal 
husbandry training. The inability of producers to meet the increased nutritional demand of lactating dairy 
cows can lead to metabolic disease such as ketosis. The objectives of this research were to determine the 
prevalence of clinical and subclinical ketosis through blood BHBA concentrations in 92 dairy cows from 
three prominent dairy farms near Kigali and to demonstrate the need to provide education recommendations 
for prevention. There was a prevalence rate of 6.5 for subclinical ketosis and 1.1 for ketosis. These prevalence 
rates are not high in comparison to developed countries but the level of milk production does not rival those 
from developed countries. Ketosis increased from primiparous to multiparous cows, increasing along with 
genetic potential for milk production. Cows under 60 days in lactation were more vulnerable to ketosis. 
Husbandry practices will need to improve in order to facilitate increased genetic potential for milk production 
in Rwanda.
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 Resource-use efficiency and dairy farm development in Sri Lanka
Gunarathne, A.1, Kono, H.1, Kubota, S.1 and Karunagoda, K.2, 1Obihiro University of Agriculture and 
Veterinary Medicine, Department of Animal and Food Hygiene, Japan, 2Socio-Economic and Planning 
Center, Department of Agriculture, Sri Lanka; thaburu@yahoo.com

The present study examines the resource-use efficiency in dairy production system in Nuwara-eliya districts, 
Up-country and Kurunegala districts, Coconut triangle, Sri Lanka. One year regular bi-weekly panel data 
were collected from sixteen (16) small scale dairy farms between 1st to December 31st in 2009 and 2010 
from Up-country (10 farms) and Coconut triangle (6 farms) respectively. The dairy farmers were selected 
randomly representing different management systems. Firstly, the stochastic production frontier model was 
used to estimate the technical efficiency and secondly, the Tobit model was regressed to identify determinant 
factors of efficiency. Efficiency of feed resource use was estimated by determining the ratio of Marginal 
value product (MVP) to Marginal factor cost (MFC). The return to scale of 1,368 was obtained indicating 
that the resource allocation and production were inefficient at the present level. In addition, house hold 
size, feed cost per cow and training were found to contribute positively to technical efficiency while age 
and cattle disease occurrences reduce technical efficiency. Therefore, the government should concentrate on 
encouraging old dairy farmers to produce more efficiently by giving them trainings and extension services 
on new feed management technologies. Furthermore, the results of MVP to MFC ratio revealed that feed 
resources are under-utilized in Coconut triangle, while over-utilized in Up-country. Hence government 
should encourage the private sector to do more research on developing low cost feed rations for different 
agro-climatic zones using available feed resources.

Small scale dairy farms and direction of feed management in tropical country, Sri Lanka
Kono, H.1, Kato, Y.1, Gunarathna, A.1, Karunagoda, K.2 and Kubota, S.1, 1Obihiro University of Agriculture 
and Veterinay Medicine, Department of Animal and Food Hygiene, Japan, 2Socio-Economic and Planning 
Center, Department of Agriculture, Sri Lanka; kono@obihiro.ac.jp

Recently the demand for milk and milk product has been increasing, rapidly in Sri Lanka. But the domestic 
supply is not enough to meet the domestic demand. In 2009, self-sufficiency rate for milk and milk products 
was only 33% and large part of that comes from small scale dairy farmers in Sri Lanka. The dairy farmers in 
coconut producing countries use by-products of coconut milling as animal feed. It is commonly known as 
‘Coconut poonac’, which is widely used as cattle feed supplement in Sri Lanka. A previous study suggests 
that there may be a positive relationship between coconut poonac feeding and milk yield; however it is 
known that coconuts has high fat contents and too much feeding might have bad effects on animal health. 
Therefore, this study identifiess the coconut poonac feeding dairy farmers and analyzes the effects of coconut 
poonac on small scale dairy farm management. Finally, the study will draw policy implications for dairy 
development in Sri Lanka. The data for analysis were collected from 150 small scale dairy farmers from 
November 2009 to February 2010 in Kurunegala districts, North western province, Sri Lanka. The farmers 
were interviewed on dairy activities using structured questionnaire. Kurunegala district is famous for coconut 
production. We cleared two points. First, dairy farmers who have agricultural income and small land per cow 
tend to use coconut poonac. Second, if dairy farmers use coconut poonac with participation in dairy farm 
training, their milk yield and dairy income increases significantly. Strengthening dairy training programs 
and encouraging the participation are important for future dairy development in Sri Lanka.
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Analyzing antibiotic use in Dutch livestock sectors using panel data
Ge, L., Van Asseldonk, M. and Bergevoet, R., LEI, part of Wageningen UR, Market and Chains/ Sector and 
Entrepreneurship, Netherlands; ron.bergevoet@wur.nl

Antibiotic use in livestock production has come under increasing public scrutiny due to its potential 
contribution to antimicrobial resistance both in livestock as in human health. For policy makers, it remains 
unclear whether antibiotic use can be drastically reduced and what economic consequences this will entail. 
In this paper we explored antibiotic use data in combination with microeconomic data on Dutch livestock 
production farms. The objective of our study was to provide quantitative insight into the extent and pattern 
of antibiotic use and its relationship with farm-specific indicators. We analyzed the use of antibiotics in four 
types of livestock sectors (broilers, dairy cows, fattening pig and sow farms) using panel data over the period 
2004-2010. In the data analysis both cross-sectional and temporal variations were examined. Antibiotic use 
was expressed as the number of daily doses (ADD) in which an animal with year-round presence would be 
treated with antibiotics according to standard dosages. ADD in the period 2004-2010 averaged about 31.7, 
6.2, 16.1 and 26.8 in the broiler, dairy, fattening pig, and sow farms respectively. The antibiotic use data 
showed substantial cross-sectional variations in each livestock sector for all years analyzed. The coefficients 
of variation (CV), calculated as the ratio of the standard deviation to the mean, were above 40% for all years 
analyzed. At the same time, the relative level of antibiotic use on the same farm showed a considerable level 
of stability across the years. On average, the probability that farms have approximately the same level of 
antibiotic use as in the previous year was estimated to be higher than 70%, which suggested the persistent 
role of farm-specific factors. While there seemed to be no clear relationships between antibiotic use and 
farm performance indicators, farm structure indicators such as herd size and up-to-datedness of the farm, 
affected antibiotic use significantly in each livestock sector.

Outbreak of HP-PRRS and economic evaluation of the disease control in T.T.Hue province, Vietnam
Zhang, H.1, Kono, H.1, Kubota, S.1, Hoa, N.T.M.2 and Hung, N.V.3, 1Obihiro University of Agriculture and 
Veterinary Medicine, Department of Animal and Food Hygiene, Japan, 2Hue University, Hue College of 
Economics, Viet Nam, 3Thua Thien Hue Veterinary Sub-department, Viet Nam; 
zhanghaifenga10@yahoo.co.jp

The objectives of this study were to investigate the dynamics of Highly Pathogenic Porcine Reproductive 
and Respiratory Syndrome (HP-PRRS) outbreaks in Hue, Vietnam, and apply SIR model and Cost-Benefit 
Analysis to analyze the economic benefit of disease control program conducted in this high pig density 
area. Veterinary data was collected from veterinary department of Hue to clarify the dynamics of HP-PRRS 
outbreaks. The disease diffused quickly from one introduction to the whole observational area only used 11 
days, but it was under controlled by culling program conducted by Hue government. Unlike other area in 
Vietnam, the outbreak never happened in Hue after 2008, so the culling program was effective. According 
to the result of estimation by SIR model, the benefit from HP-PRRS control program was 3.8 times or 
more than the cost. This control program should be a good example for other pig farming area in Vietnam.
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Cost of Post-weaning multi-systemic wasting syndrome and PCV2 subclinical infection
Alarcon, P., Rushton, J. and Wieland, B., Royal Veterinary College, United Kingdom; jrushton@rvc.ac.uk

The present study aimed to assess the economic impact of Post-weaning multi-systemic wasting syndrome 
(PMWS) and porcine circovirus type 2 (PCV2) subclinical infections (PCV2SI) at farm and industry level. 
A disease model simulated the varying proportions of pigs in a batch that will get infected with PCV2 and 
develop either PMWS or subclinical infection, depending on the farm PMWS severity level. The model, 
fitted with empirical data, generated six outcomes: infected pigs with clinical PMWS that die (PMWS-D); 
infected pigs with clinical PMWS that recover (PMWS-R); PCV2SI that die (PCV2-D); PCV2SI that reach 
slaughter age (PCV2-S); healthy pigs (H-S); and healthy pigs, infected or non-infected by PCV2, that die due 
to non-PCV2 related causes (H-D). Enterprise and partial budget analyses were used to assess the deficit/
profits and the extra costs/extra benefits of a change in disease status of a pig, respectively. Results from the 
individual animal economic analysis were combined with the disease model’s estimates of the proportion 
of different pigs produced at different severity scores to assess the cost of PMWS/PCV2SI and the overall 
profit at farm level. Stochastic simulations were carried out to account for variability and uncertainty. The 
economic impact of a PMWS-D pig was estimated to be £82.7 (80.0 to 84.4), £27.2 (16.2 to 23.4) for a 
PMWS-R pig, £84.85 (80.0 to 89.7) for a PCV2-D pig and £13.9 (3.72 to 25.8) for a PCV2-S pigs. At 
farm level, the greatest proportion of negative economic impact was due to subclinical pigs. The economic 
impact of PMWS for the English pig industry, prior to the introduction of PCV2 vaccines, was estimated 
to be £61.4 million per year (38.2 to 88.2). This is the first study to model the cost of PMWS and PCV2SI 
at different farm severity levels. The model showed the high cost of PMWS for the English pig industry in 
2008 and highlights the importance of subclinical infection. Results from this model provide the basis to 
assess the cost-efficiency of different control measures.

Incidence and impact of classical swine fever on small holder pig production systems in Northeast 
India
Deka, R.1, Bett, B.2, Rich, K.M.3, Padmakumar, V.1 and Wright, I.A.1, 1ILRI, Markets, India, 2ILRI, Markets, 
Kenya, 3NUPI, International Economics, Norway; R.Deka@cgiar.org

We conducted a cross sectional study in three states in Northeast India to estimate the incidence and impact 
of Classical Swine Fever (CSF) among small holder pig producers. Data were collected using participatory 
epidemiological methods and key informant interviews from a total of 60 villages distributed equally 
between 15 districts in Assam, Nagaland and Mizoram states. The impact on livelihoods was estimated from 
data on mortality, replacement and treatment costs. The study findings show that although a majority (over 
80%) of the households in the area keep pigs and consider pig farming as an important source of income, 
level of production is low. Reasons given for this include: lack of feed, poor management practices, lack of 
capital, high prevalence of infectious diseases and poor veterinary infrastructure. The incidence, morbidity 
and case fatality rates of CSF were estimated to be 5.4% (95%CI: 3.5-8.0), 28.1% (95% CI: 20.4-36.6%) 
and 51.1-94.5% per year, respectively. The study also reveals that CSF outbreak lasts for about 36 days on 
average (95% CI: 19.0-53.8) suggesting that CSF outbreaks run their full epidemic course before burning 
out. Behavioural practices such as selling of infected or potentially infected animals during an outbreak as 
one way of avoiding mortality losses could be responsible for sustaining the transmission of the disease. Of 
the livelihood impacts estimated, the cost of mortality represents the single most important direct impacts 
(at 8.4% of the total expected annual income of US$581 per household in Assam, 0.9% in Mizoram and 
2.8% at Nagaland). Economic losses from other impacts are not substantial as the annual treatment and 
replacement losses range between 0.05-0.11% and 0.05-0.48% of the annual household income, respectively. 
This information is being used to design appropriate interventions for CSF in the region.
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The use of probabilistic graphical models (PGMs) to develop a cost-effective vaccination strategy 
against Campylobacter in poultry
Garcia, A.B.1, Madsen, A.2 and Vigre, H.1, 1National Food Institute, DTU, Division of Microbiology and 
Risk Assessment, Denmark, 2Hugin Expert A/S & Aalborg University, Department of Computer Science, 
Denmark; agar@food.dtu.dk

Human campylobacteriosis represents an important economic and public health problem. Campylobacter 
originating from feces of infected chickens will contaminate chicken meat posing a risk to the consumer. 
Vaccination against Campylobacter in broilers is one probable measure to reduce consumers’ exposure to 
Campylobacter.In this presentation we focus on the development of a computerized decision support system 
to aid management decisions on Campylobacter vaccination of commercial broilers. Broilers should be 
vaccinated against Campylobacter in the first 2 weeks of age. Therefore, the decision about vaccination needs 
to be made usually before Campylobacter is introduced in the flock. In fact, there is uncertainty regarding 
the introduction of Campylobacter into the flock that needs to be taken into account in the decision making 
process. Probabilistic Graphical Models (PGMs) integrate knowledge from diverse sources and can be used 
as decision support systems under conditions of uncertainty. The relationships between different entities in 
the model can be designed and conditional probability distributions are used to define the strength of these 
relationships. Important microbiological, epidemiological and economic factors (cost-reward functions) 
have been included in the models. The final outcome of the models is presented in probabilities of expected 
level of Campylobacter and financial terms influenced by the decision on vaccination. For example, if 
the best decision seems to be to vaccinate, the outcome will be expressed as the most probable number 
of Campylobacter in broilers and a cost-profit balance. There are other factors that could be considered 
increasing the complexity of the models, but we need to balance model efficiency with simplicity and 
usefulness for poultry managers to run the model as a tool for decision making on vaccination.

Economic efficiency of different control strategies for post-weaning multi-systemic wasting syndrome 
and PCV2 subclinical infection
Alarcon, P., Rushton, J., Nathues, H. and Wieland, B., Royal Veterinary College, United Kingdom; 
jrushton@rvc.ac.uk

The aim of this study was to assess the economic efficiency of different control strategies for Post-weaning 
multi-systemic syndrome (PMWS) and porcine circovirus type 2 (PCV2) subclinical infections (PCV2SI). 
The strategies consisted in the combination of up to 5 different control measures: (1) PCV2 vaccination; (2) 
ensuring age adjusted diet for growers (diets); (3) reduction of stocking density (stock); (4) improvement of 
biosecurity measures (bios); and (5) total depopulation and repopulation. A model simulating the production 
of batches over 5 years of a farm with 100 sows was developed. A PMWS/PCV2SI economic model, based 
on PMWS severity scores, was applied to the production model to assess disease losses. Eleven different 
farm scenarios, differing on the number of risk factors present, were investigated. For each strategy an 
investment appraisal was performed to assess the extra costs and benefits of reducing the PMWS severity 
score of a farm to an average slightly affected score and to input other intervention costs. The net present 
value obtained for each strategy was multiplied by its probability of success. The resulting expected values 
were then compared within each scenario. A stochastic simulation was performed using @RISK. The model 
indentified PCV2 vaccination in combination with biosecurity measures as the most cost-efficient strategy 
for most farm scenarios. PCV2 vaccination alone, ‘bios+stock’ and ‘bios+diets’ were frequently identified 
as the second or third best strategy. The mean expected values of the best strategy for an average moderately 
and an average highly affected farm were £14,052 and £65,145, respectively. This is the first study comparing 
economic efficiency of different control strategies against PMWS and PCV2SI. The outcomes describe the 
economic benefits of PCV2 vaccination, but highlight the need of biosecurity measures to achieve optimal 
profitability. The model developed provides a useful decision support tool for farmers.
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Estimating the financial consequences of a milk dioxin contamination in the Dutch dairy chain
Lascano Alcoser, V.H.1, Velthuis, A.G.J.1, Hoogenboom, L.A.P.2 and Van Der Fels-Klerx, H.J.2, 1Wageningen 
University, Netherlands, 2RIKILT-Institue of Food Safety, Netherlands; victorhugo.lascanoalcoser@wur.nl

The aim of this study was to quantify the financial consequences of a milk-dioxin crisis on the stages of the 
dairy chain involved. The milk dioxin contamination impact model was designed for this purpose and also 
was used to estimate the net costs of control measures limiting the impact. Results obtained based on the 
assumption of the worst-case scenario in which the entire daily production of each business unit from feed 
supplier to milk processor is contaminated suggested that the financial impact of one dioxin incident would 
be J141.2 million. Another assumption was that the dioxin contamination started at one feed processing 
plant and was detected 2 weeks after initial contamination (the high-risk period), which would result in 
the involvement of 714 dairy farms, 26 milk processors, and 2,664 retailers. The stages of the chain that 
contributed most to the total net costs were the milk processor (76.9%) and the dairy farm (20.5%). If the 
high-risk period were shorter, i.e. 3 days, the estimated total financial impact decreases to J10.9 million. 
Thus, early detection of the contamination is crucial for decreasing the number of food businesses involved 
and lowering the total financial impact. The most influential inputs of the model were the sale price of milk 
at the processing stage, the daily amount of milk processed per processing plant, the farm-blocking period, 
and the daily amount of milk produced per farm. However, the effect of these inputs on the total financial 
impact was less than 10.0%. These results can be used to establish priorities in the application of control 
measures to limit the financial and public health impacts of a possible food safety incident.

A framework for the economic analysis of rabies control
Häsler, B.1, Gregory, N.1, Bennani, H.1, Obeyesekere, N.2, Sankey, C.3 and Rushton, J.1, 1Royal Veterinary 
College, London, United Kingdom, 2Blue Paw Trust, Colombo City, Sri Lanka, 3World Society for the 
Protection of Animals, London, United Kingdom; bhaesler@rvc.ac.uk

To inform decisions on resource allocation and add to evidence on rabies control, the World Society for the 
Protection of Animals needed a comprehensive economic assessment tool. Control of rabies, that causes 
spillovers from its animal host into human populations, requires not only technical means of control, but 
also understanding of economic gains and the role of human behaviour in disease transmission. A conceptual 
framework was developed including economic, dog welfare, epidemiologic, and social acceptability 
assessments as basis for making an ethical judgement on the control process. It was applied to a rabies 
control programme in Colombo City, Sri Lanka. The rabies control programme included vaccination and 
sterilisation of owned and unowned dogs; education to prevent dog bites; dog managed zones; and training 
of dog handlers. The impact of rabies and control efforts on dog welfare was assessed using a qualitative 
scoring system that combined field records, literature data and expert opinion. Surveys and focus groups 
were conducted to assess changes in acceptance of dogs in society and control options. Monetary outcomes 
of the programme were calculated considering medical costs related to post-exposure treatment (PET) and 
control expenditures. Non-monetary benefits were the change in disability-adjusted life years (DALYs) 
caused by psychological distress due to dog bites. Burden of human death was near zero as PET was 
provided by hospitals at no cost to the individual. From July 2007 to June 2011, 133 DALYs were avoided, 
acceptance of dogs increased, and the impact on dog welfare was reduced at a net cost to society of US$ 
1.05 m (compared to the counterfactual). The lower number of dog rabies cases and estimated dog bites, 
and improvement in reporting and treatment of people indicated that the intervention was effective and the 
risk of people to contract rabies decreasing.
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Baseline study of infringement level of welfare regulations in Danish pig herds
Nielsen, T.D.1, Houe, H.1 and Jensen, T.B.2, 1University of Copenhagen, Department of Large Animal 
Sciences, Denmark, 2Danish Food and Veterinary Administration, Denmark; tdni@life.ku.dk

In order to secure the animal welfare in production animals, the Danish Food and Veterinary Administration 
(DVFA) decided to establish the proportion of pig herds in which welfare regulations were violated in 
2011. This species has been subject to campaigns to improve compliance with welfare regulations in 
recent years (e.g. culling at farms). The objective of this study was to establish the proportion of Danish 
pig herds not complying with animal welfare regulations. To assess this, a random sample of 300 pig 
herds with at least 10 pigs was visited by veterinary officers from DVFA from August through December 
2011. Veterinary officers were used for visits because herd owners cannot deny them access. A list of 380 
regulation points was evaluated and for each point the herd could receive four marks: (1) no marks; (2) 
warning; (3) enforcement notice; or (4) police reporting. In total 150 herds received one of the four marks. 
Of the 300 herds,127 (42%) herds receiving a warning, 42 (14%) an enforcement notice and 16 (5%) a 
police reporting. The most commonly noticed infringement of regulation was access to rooting material; 
pigs did not have access to rooting material in 72 (24%) herds. Providing soft bedding in sick pens for 
injured and diseased animals and isolation and treatment of injured and diseased animals received marks 
in 58 (19%) and 56 (19%) herds, respectively. Results from this study can be compared with future studies 
to evaluate if infringements of welfare regulations changes over time. It needs to be kept in mind that a 
control of compliance with welfare legislation cannot replace a full welfare assessment, but it is still an 
important indicator of the minimum standards.

Identifying critical management decision points in the heifer rearing process using individual animal-
based bioeconomic modelling
Boulton, A.C., Rushton, J. and Wathes, D.C., Royal Veterinary College, London, United Kingdom; 
jrushton@rvc.ac.uk

Replacement dairy heifers should have minimal mortality, with an age at first calving (AFC) of 24 months 
currently recommended. Recent focus in UK dairy herds has been on the economic impact of youngstock 
losses and delayed AFC. A reduction in reproductive efficiency, increasing calving intervals and high 
replacement mortality rates have all contributed to a decreasing availability of dairy heifers and a tightening 
in heifer replacement prices. Producers are therefore reluctant to remove replacements that show poor 
growth, repeated incidences of disease or suboptimal fertility. Most current models of dairy farm production 
systems are single component models primarily focusing on the milking herd. Multi-component models that 
include the replacement herd, or those specifically constructed to model an aspect of the replacement herd 
fail to incorporate the fundamental economic elements of the rearing period. Neither do they account for the 
effect of management decisions and genetic selection on the underlying biology of the heifer and the effect 
this has on herd dynamics and profitability. Our replacement herd model was developed in Microsoft Visual 
Basic with Microsoft Access as the database management system and user interface. It models individual 
heifers through stages of growth and development over a decision horizon of birth to first calving. This 
allows factors such as bodyweight, age and genetic merit (which impact on subsequent production, longevity 
and reproductive success) to be evaluated under UK conditions and practises. The model identifies critical 
decision points based on biology, health and genetics allowing the producer (1) to determine the likelihood 
of that replacement heifer reaching her AFC target; and (2) to estimate her longevity and milk production 
potential. This provides the producer with an evidence base for decision making on youngstock rearing 
production and health management and the monitoring and evaluation of the system.
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Challenges towards natural calving in double-muscled cattle in the Netherlands
Huijbregts, J., Mourits, M.C.M. and Bokkers, E.A.M., Wageningen University, Netherlands; 
Monique.Mourits@wur.nl

The current high rate of caesarean sections (>90%) in double-muscled (DM) cattle has led to increased public 
concerns in the Netherlands. In general, DM cattle have a smaller pelvic area in comparison to other beef 
breeds, which in combination with a higher calf birth weight, results in problems at birth. Only a decrease in 
the proportion of caesarean sections in DM cows would make these breeds less controversial, which is only 
achievable by directed breeding efforts. Until now, no evaluation has been made to estimate the economic 
impact of an increased rate of natural calving in DM cattle in the Netherlands. The objective of this study is, 
therefore, to gain insight into these economic effects on individual animal level. Due to lack of quantitative 
information in the literature, interviews and questionnaires were used to collect quantitative farm data to 
parameterise a stochastic partial budgeting model. This model simulates the economic consequences of the 
current situation with 100% caesarean sections and of an aimed situation of having 50% natural calving in 
DM cattle. The model reflects the period after the second parturition of a DM cow till slaughtering after 
the fourth parturition, assuming that the animal has delivered her first two calves by caesarean sections. No 
striking differences in the average gross margins were found between the current and the aimed situation in 
DM cattle (€ 2,171 vs. € 2,160, resp.). In spite of a reduction in the gross margin in the aimed situation due to 
lower maintenance costs and veterinarian costs, these reductions were compensated by the expected reduced 
revenues (€ 4,196 current vs. € 3,938 aimed). The 90% confidence interval of gross margins ranged from 
€ 901 to € 3,952 in the current situation and from € 885 to € 4116 in the aimed situation, indicating some 
higher level of uncertainty in the latter. Given the expected economic impacts, economic motives will not 
prevail as incentive for DM cattle farmers to breed towards more natural calving in DM cattle in the future.

Gross margin losses due to Salmonella Dublin infection in Danish dairy cattle herds estimated by 
simulation in the Dublin-Simherd model
Nielsen, T.D.1, Kudahl, A.B.2, Østergaard, S.2 and Nielsen, L.R.1, 1University of Copenhagen, Department 
of Large Animal Sciences, Denmark, 2Århus Universitet, Department of Animal Science, Denmark; 
tdni@life.ku.dk

The objective of this study was to estimate losses in gross margin (GM) following introduction and spread of 
Salmonella Dublin  in dairy herds. GM losses were estimated using an age-structured stochastic, mechanistic 
and dynamic simulation model (Dublin-Simherd). The model incorporated six age groups (neonatal, 
pre-weaned calves, weaned calves, growing heifers, breeding heifers and cows) and five infection stages 
(susceptible, acutely infected, carrier, super shedder and resistant). Twelve scenarios were included in 
the model, these were the combinations of three herd sizes (85, 200 and 400 cows) and 4 management 
levels of infection spread (very good, good, poor and very poor). Input parameters for S. Dublin effects on 
production and animal health were based on literature and calibrated to mimic real life observations. The 
effects of introducing one S. Dublin infectious heifer four weeks before calving were estimated through 1000 
simulation iterations for each of the 12 scenarios. Mean annual GM per cow stall was compared between 
herds that experienced spread of S. Dublin and non-infected reference herds for over a 10 year period. 
Estimated GM losses were highest in the first year after infection, and increased with poorer management 
and herd size. E.g. for a 200 cow stall herd, mean GM losses were estimated to 57 Euros per stall in the 
first year after herd infection in a herd with good management and to 315 Euros per stall in a herd with 
poor management. Sensitivity analyses estimated that assumptions about milk yield losses for cows in the 
resistant or carrier stage had the highest influence on estimated GM losses, and that this effect was more 
influential the poorer the management was. Results from this study can be used to encourage farmers to 
prevent introduction and to control spread of S. Dublin within the herd.

Poster topic 06 Poster 43

Poster topic 06 Poster 42



312 ISVEE – Book of Abstracts 2012

Bacterial zoonoses in East Africa: a major cause of human illness and economic burden?
Cleaveland, S.1, Crump, J.A.2,3, Knobel, D.4, Shirima, G.5, Biggs, H.M.2,3, Kunda, J.6, Auty, H.1, Halliday, 
J.1, Allan, K.1, Njenga, K.7 and Kazwala, R.R.8, 1University of Glasgow, Glasgow, United Kingdom, 
2Kilimanjaro Christian Medical Centre, Tanzania, 3Duke University Medical Center, North Carolina, 
USA, 4University of Pretoria, South Africa, 5Ministry of Livestock and Fisheries Development, Tanzania, 
6National Institute of Medical Research, Tanzania, 7CDC/KEMRI, Nairobi, Kenya, 8Sokoine University of 
Agriculture, Morogoro, Tanzania; Jo.Halliday@glasgow.ac.uk

In sub-Saharan Africa, inpatient febrile illness and death is most commonly attributed to malaria, but 
malaria is over-diagnosed and there is growing evidence that many zoonoses are important causes of 
undifferentiated febrile illness. As well as direct impacts on human health, many zoonoses have economic 
impacts, reducing livestock productivity. We review data on three bacterial zoonoses, brucellosis, Q-fever 
and leptospirosis, generated through (1) human febrile disease surveillance; and (2) cross-sectional studies 
in linked human and animal populations, conducted in Tanzania and Kenya over the past 10yrs. Results 
from a febrile illness study in northern Tanzania indicated that, collectively, these zoonoses were the cause 
of 11 times as many cases as malaria, with leptospirosis diagnosed in 9%, Q-fever in 5% and brucellosis in 
3% of febrile admissions. In a syndromic surveillance study in western Kenya, acute Q-fever was diagnosed 
in 3% of patients with acute respiratory disease and fever. In northern Tanzania, the seroprevalence of 
Brucella in humans (7-10%) was similar in pastoral and agropastoral settings, but differed in livestock (8-
10% in pastoral, <4% in agropastoral areas). Very low livestock seroprevalences were seen in smallholder 
communities in Tanzania and Kenya. Bacterial zoonoses are likely to contribute significantly to the burden 
of human and animal disease in East Africa, particularly in pastoral and agropastoral communities. Efforts 
need to be made across medical and veterinary sectors to improve their diagnosis, treatment and prevention.

Economic consequences of Bluetongue disease, serotype 8, in Germany
Gethmann, J., Probst, C. and Conraths, F.J., Friedrich-Loeffler-Institut, Institute of Epidemiology, Germany; 
joern.gethmann@fli.bund.de

In August 2006, Bluetongue virus serotype 8 (BTV-8) was introduced into Central Europe and in 2006/2007 
spread rapidly over Germany. In May 2008, Germany implemented a vaccination program with monovalent, 
inactivated vaccines against BTV-8. In 2008 and 2009, vaccination was mandatory for cattle, sheep and 
goats; since 2010, vaccination is optional. An economic model of the BTV-8 epidemic was developed based 
on data provided by the German Federal States, the animal health services, the animal disease compensation 
funds (Tierseuchenkassen), the German animal disease notification system and the Federal Statistical Office. 
Bluetongue disease had a high economic impact on the cattle and sheep industry in Germany. In 2007, the 
costs for a total of 43,000 animals (33,233 sheep, 10,240 cattle and 102 goats) were claimed from the animal 
disease compensation funds. On the basis of the animal market values, this corresponded to more than 20 
Million Euros, including the safe disposal of the animal carcasses. Direct costs resulted from reduced milk 
and meat production, palliative veterinary care costs, and fertility problems. Indirect costs resulted from 
vaccination, movement restrictions, and adapted export certificates. The costs of BTV-8 were estimated at 
10 million Euros in 2006, 79 million Euros in 2007, 72 million Euros in 2008, 38 million Euros in 2009, 16 
million in 2010 and 7 million in 2011. While the direct costs (e.g. production losses, costs for fallen stock) 
caused the highest losses in 2006 and 2007, from 2008 to 2011 the vaccination costs played the main role. 
Options to improve control strategies will be discussed.

Poster topic 06 Poster 45

Poster topic 06 Poster 44



ISVEE – Book of Abstracts 2012 313

Association between first calving age and milk production at first lactation in 100 Dutch dairy farms
Mohd Nor, N.1,2, Steeneveld, W.3, Mourits, M.C.M.3 and Hogeveen, H.2,3, 1Universiti Putra Malaysia, 
Malaysia, 2Utrecht University, Netherlands, 3Wageningen University, Netherlands; 
Norhariani.mohdnor@wur.nl

The total costs of rearing a heifer will be reduced by lowering the first calving age (FCA). A lower FCA 
could, however, coincide with a lower development of the reared heifer, influencing milk production at first 
lactation. To establish the possible economic impact of lowering the FCA, the association between FCA 
and milk production in first lactation needs to be investigated. The objective of this study is to determine 
this association at cow level. Data on FCA and milk production at first lactation of 8,454 heifers in 100 
intensive Dutch dairy herds from 2003 to 2010 were gathered. The average FCA was 26 months and the 
average 305 d milk production at first lactation was 7,493 kg. The median FCA of the herds ranged between 
24 and 32 months of age. The difference between the FCA of the individual heifer and the median FCA of 
the herd was defined as the relative FCA. The association between relative FCA with 305 d milk production 
at first lactation was analyzed using a linear mixed effect model and included herd, year and calving season. 
Relative FCA was categorized monthly, and relative FCA not deviating from the median FCA of the herd 
was the reference category. Heifers having a FCA one or two months lower than the median FCA of the 
herd have a 90 kg and 179 kg lower 305 d milk production at first lactation, respectively. Heifers having a 
FCA one month higher than the median FCA of the herd have a 87 kg higher 305 d milk production at first 
lactation. Relative FCA gives a deviation of a heifer’s FCA from a similar management. The results indicate 
that a lower FCA on a farm by earlier insemination but not adjusting the management to ensure sufficient 
development will reduce rearing costs but with a lower milk production at first lactation. A higher FCA 
results in a higher milk production but with a higher rearing costs. For dairy farmers, there is an economic 
optimum between rearing costs and FCA with regard to heifer rearing.

Distribution and economic impact of coccidiosis on small scale commercial poultry farms in Africa
Fornace, K.1, Yrjo-Koskinen, A.1, Clark, E.1, Macdonald, S.1, Thieme, O.2, Blake, D.1 and Rushton, J.1, 
1Royal Veterinary College, United Kingdom, 2FAO, Italy; kfornace@rvc.ac.uk

Coccidiosis, a species-specific intestinal disease caused by Eimeria spp. parasites, causes substantial 
production losses in the poultry industry worldwide. The objective of the study was to examine the 
distribution and economic impact of Eimeria spp. within small-scale commercial poultry farms in Africa. 
Faecal samples and data on production parameters and farm management were collected from small-
scale (less than 2,000 birds per batch) commercial broiler and layer farms within Ghana, Tanzania and 
Zambia. The gross margin and enterprise budget per bird per year were calculated to assess individual farm 
profitability. The parasite presence and load was quantified through faecal oocyst counts and confirmed 
through Eimeria specific 5S rDNA PCR. The field samples were screened for the presence or absence of each 
of the seven Eimeria species that cause coccidiosis in the chicken using a diagnostic molecular PCR assay. 
Pathogenicity of species present was compared with farm profitability. Eimeria spp. parasites were found 
to be widespread within Africa and were present on 75% (60/80) farms sampled. Species complexity was 
comparable to that of Europe with all seven Eimeria species detected and 35% (28/80) farms concurrently 
infected by multiple Eimeria species. Farmers reported awareness of clinical coccidiosis and mortality rates 
of up to 80%. The profitability of farms varied substantially by country and production type, with gross 
margins ranging from -21.88 to 52.30 USD per bird per year in layer systems and from -4.01 to 8.01 USD 
per bird per year in broiler systems. Further studies are required to characterise the Eimeria population 
within Africa and the economic impact on poultry farms and to identify cost effective potential control 
strategies and interventions.
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Modelling climate change impacts on livestock aid
York, L. and Heffernan, C., University of Reading, School of Agriculture, Policy and Development, United 
Kingdom; luke_york@live.com.au

Poor livestock keepers are faced with a future of uncertainty. Across the literature, there is broad consensus 
that current constraints to livestock production are likely to be exaggerated under climate change and 
the associated Extreme Weather Events (EWEs). This will have important implications for those poor 
households who rely on livestock for income generation, food security, and as source of investment. 
Traditionally, restocking programs have been instigated after EWEs to support poor households in the 
short-term and help break the poverty cycle over the longer-term through the provision of livestock. Other 
forms of aid such as supplementary feeding, destocking and more recently, cash transfers have also been 
tried as tools to support the rehabilitation of livestock-dependent populations post-emergency. However, 
while climate change is likely to change the duration and frequency of EWEs, little is known regarding the 
robustness of particular forms of livestock aid in meeting these new challenges. Therefore, in the following 
article, the authors create a simple deterministic model to explore the potential impacts of different forms of 
livestock aid on a range of livestock keepers across both subsistence and pastoralist production systems. The 
impact of critical global climate parameters such as the predicted 2 °C temperature rise are explored within 
the expected production shifts across the systems under review. The model demonstrates the importance 
of understanding the factors underpinning livestock aid at the household and production system levels and 
the potential limitations and benefits of a wide range of livestock-related interventions.

Economic evaluation of air filtration in large sow herds in North America
Alonso Garcia-Mochales, C.1, Davies, P.1, Lazarus, W.1 and Dee, S.2, 1University of Minnesota, USA, 
2Pipestone Veterinary Clinic, USA; alons015@umn.edu

Air filtration systems implemented in large sow herds have been demonstrated to decrease the probability 
of having a PRRSV outbreak. However, a large economic study comparing real production data from both 
filtered and non-filtered farms has been never been completed in order to assess the profitability of this 
investment. In 2010, the 14 filtered and 6 control participant herds were enrolled from a contemporaneous 
PRRSV epidemiological study. Repeated measures of quarterly production data, weather, PRRSV outbreak 
in the period together with air filtration status and number of different pig sites within 3 miles, were the 
variables analyzed in the longitudinal mixed model. Data management and statistical analysis was performed 
with a Statistical Analysis System (SAS) version 9.1. The retrospective and prospective timeline study was 
Oct 2004 to June 2011. For the cost analysis, three scenarios were compared in a spreadsheet model of 
weaned pig cost on a representative 3,000-sow non-filtered farm with feed cost of $278/sow/year: (1) control; 
(2) filtered conventional attic; and (3) filtered tunnel ventilation. Scenario 1 was based on the data from 
control and pre-filtration periods of the future filtered farms. Scenarios 2 and 3 were identical except that 
the initial filtering equipment cost $150/sow for the conventional versus $200/sow for the tunnel. Filtration 
was assumed to change pigs weaned/sow/year, farrowing rate, female replacement rate, female death rate, 
veterinary expenses, and the annualized cost of replacing pre-filters every six months and replacing filters 
every three years. Filtered farm produced 6,028 more piglets than non-filter farm and the payback period 
for the investment was estimated in the model as 5.5 years for scenario 2 and 6.4 years for scenario 3. 
However, this could be considered a conservative estimation because no value penalty in selling PRRSV 
positive piglets was accounted for.
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New approaches to CSF surveillance schemes
Assad Heneidi, A.H. and Montserrat Arroyo, M.A., Animal Health Direction, Mexico; 
montserrat.arroyo@senasica.gob.mx

Mexico implemented for over two decades an eradication strategy against Classical Swine Fever (CSF) 
concluding by 2009. The original strategy was based on surveillance, vaccination, diagnosis, quarantine 
and movement controls. CSF was eradicated State by State a regionalization approach. As the country is 
currently free of the disease surveillance strategies have been modified. To provide assurances on CSF 
freedom status, Mexico has modified its epidemiological surveillance. In close collaboration with the 
United States Department of Agriculture, a clear case definition has been standardized, disease surveillance 
has been adapted to conform to high risk targeted surveillance, diagnostic tests have been harmonized and 
validated with reference laboratories protocols, and investigation protocols for very low pathogenicity 
strains have been implemented. As a result of these activities suspect cases of CSF were detected. The 
epidemiological field investigation and laboratory diagnosis concluded the absence of virus including any 
low pathogenicity strains. This surveillance scheme will be kept for subsequent years, and will focus to 
high risk areas. The Mexico-US collaboration has been based on inspection visits, joint training workshops, 
laboratory personnel exchange visits, criteria definition on surveillance and diagnostics case definitions, 
epidemiological investigations and laboratory protocols and thorough discussion of technical reports. 
These have allowed a greater understanding of how surveillance is done and has given greater confidence 
on CSF-free disease status, building strong bilateral science based collaboration among veterinary services 
of our two countries. Additionally the Mexican experience with this disease has been shared with Central 
American countries, passing on lessons learned, and strengthening surveillance systems and notification 
schemes regionally.

Venezuelan equine encephalitis (VEE) outbreak in Mexico and the Panamerican games
Montserrat Arroyo, M.A., Animal Health Direction/SENASICA, Direction of Imports and Exports, Mexico; 
montserrat.arroyo@senasica.gob.mx

In 2011 Mexico hosted the Panamerican Games (PG). Export certifications were agreed ahead of time with 
countries but conditions changed due to two outbreaks of VEE in southeast Mexico. Outbreaks were notified 
to OIE and several countries implemented restrictions for the movement of horses. Epidemiological reports 
and follow up of both cases were submitted to OIE, our main commercial partners and to WTO. Both cases 
were auto-limited I-E enzootic variant. Equine infections with this variant cause low level virulence and 
antibody response, but most cases show no clinical disease due to low pathogenicity. The epidemiological 
investigation concluded that mortality recorded was not the consequence of the identified I-E virus. OIE´s 
recommendations for EEV do not differentiate among enzootic and exotic variants of VEE, nor does the 
format for declaring disease allow for this differentiation. These issues outlined the need to modernize 
conditions and logistics for international horse movements, especially regarding sporting events. The open 
communication with countries allowed the establishment of conditions for movement of horses participating 
in the PG, 137 horses from 47 different countries participated in the event. The thorough epidemiological 
investigations supported other schemes for risk mitigation for VEE. The experience gained through this 
event shaped a new approach for a faster establishment of sanitary requirements. Traditionally import and 
export requirements are based on country by country negotiation of bilateral certification as well as generic 
health certification based on presence of disease. In order to facilitate the movement of horses, an overall 
review of import and export requirements, an evaluation of disease risk and OIE´s recommendations, helped 
establish a universal certification scheme that gives different options that minimize disease risks but do not 
unnecessarily restrain movement of horses, among them a regionalized approach to VEE.
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Attitudes of sheep producers to use of the sheep health statement in Australia
Taylor, M.1, Lee, A.2 and Dhand, N.K.3, 1University of Western Sydney, Australia, 2Victorian Department 
of Primary Industries, Australia, 3The University of Sydney, Australia; navneet.dhand@sydney.edu.au

The Sheep Health Statement (SHS) is a nationally agreed document used by vendors in Australia to declare 
the health status of sheep, developed with the aim to support and protect producers from disease risks during 
the sales process. We conducted a cross-sectional survey in 2011 to explore current attitudes and practices 
of sheep producers towards its use. A questionnaire was developed to obtain information about producers’ 
patterns of buying/selling in the last two years, use of the SHS and perceived drivers and barriers to its use. 
A sampling frame was developed in consultation with industry experts to capture data from a nationally 
representative sample of sheep producers with 100+ sheep. A total of 870 interviews were conducted with 
producers using a computer-assisted telephone interviewing methodology in which the interviewer follows 
a script using a software application that is able to customise the interview based on the answers provided. 
Multivariable logistic regression analyses were conducted to investigate factors associated with uptake of 
the SHS. Around a quarter of producers had never heard of the SHS and 17% had heard of it but were not 
aware of any of its content. The SHS was regarded favourably, with 70% of producers who were familiar 
with it reporting that it was an effective tool for disease management. Livestock agents were regarded as 
influential in uptake of the SHS, with most producers reporting they were willing to supply or request a 
SHS if their agent told them to. Stronger enforcement and education/awareness programs were identified 
most frequently as ways to encourage uptake of the SHS. The main factors associated with uptake of the 
SHS were related to operating climate and attitudinal factors; specifically whether use of the SHS was 
mandatory or not, whether agents requested the SHS, and whether producers had confidence in accurate 
completion of the SHS.

Using mixed methods to delineate the policy network and evaluate policy decision-making in response 
to the 2007 Australian equine influenza outbreak
Schemann, K.1, Gillespie, J.2, Toribio, J.-A.L.M.L.1, Ward, M.P.1 and Dhand, N.K.1, 1The University of 
Sydney, Faculty of Veterinary Science, Australia, 2The University of Sydney, School of Public Health, 
Australia; kathrin.schemann@sydney.edu.au

Decision-making is critical during disease outbreak response. We conducted this study to evaluate technical 
policy decision-making during the 2007 outbreak of equine influenza in Australia to describe the stakeholder 
network involved and the factors driving policy decision-making during an outbreak of emergency animal 
disease. Systematic review of the outbreak literature and the pre-existing national policy document revealed 
6 policy issues involving policy modifications or differing interpretations by different state agencies. Data 
on factors influencing the decision-making process regarding these six issues and on stakeholder interaction 
were collected using a pre-tested, semi-structured questionnaire and snowball sampling. Face-to-face 
interviews were conducted with 24 individuals representing 12 industry and government organisations. 
Quantitative data were analysed using social network analysis and thematic analysis of qualitative data 
was used to develop explanatory models. Results revealed that technical policy decisions were framed 
by socio-political, financial, strategic and operational considerations. Industry stakeholders had influence 
through formal pre-existing channels and through alliances formed during the outbreak but outside the 
established system. Overall, the crisis management system and response was seen as positive, yet some 
criticism was expressed: some respondents stated that timely implementation of state policy was hindered by 
lengthy national committee discussions concerned with operational rather than strategic issues. Unbalanced 
stakeholder group representation by individual leaders was also voiced as an issue. The results of this 
research inform effective approaches to stakeholder participation in emergency disease management so as 
to improve preparedness for future emergency animal disease incursions.
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Estimating the costs of mastitis in goats using stochastic simulation modeling
Koop, G.1, Oosterhuis, G.1, Nielen, M.1, Van Werven, T.1 and Hogeveen, H.1,2, 1Utrecht University, 
Department of Farm Animal Health, Netherlands, 2Wageningen University, Business Economics Group, 
Netherlands; g.koop@uu.nl

Few studies have investigated the economic aspects of mastitis in goats. The aims of the current study 
were (1) to estimate the total costs associated with clinical and subclinical mastitis in a dairy goat herd; 
and (2) to estimate the costs of a subclinical infection with Staphylococcus aureus, with and without 
interventions. Two stochastic simulation models were constructed. Model 1 simulated a herd of 1,000 goats 
and the prevalence and incidence of subclinical and clinical mastitis were drawn from distributions. The 
corresponding subclinical and clinical cases were modeled and the monetary effect of mastitis in the herd 
was calculated. Model 2 simulated one subclinical S. aureus infection, including effects of transmission. 
The case could either stay subclinical (P=0.8) and infect other goats, or have a clinical flare-up (P=0.2). A 
clinical flare-up could result in death or survival. In case of survival, it became subclinically infected again 
and could again infect other goats. Three scenarios were calculated for goats that became clinically ill but 
did not die: treatment, no treatment, or culling. The total costs of mastitis in a herd of 1000 goats were 
estimated at around €3,200 per year, but could vary between €800 and €7,000 per year. The incidence of 
clinical mastitis was an important factor driving these costs, mainly because of lost milk revenues of goats 
that died. The costs of one case of subclinical mastitis (including transmission) were around €80. Differences 
between treatment, no treatment and culling were small. The transmission parameter and the probability of 
clinical flare-up had large effects on the total costs associated with a subclinical mastitis. This study shows 
that mastitis in goats causes economic losses, which are mainly driven by the number of clinical mastitis 
cases. Infection dynamics of S. aureus in goats are influential on the estimated costs.

Constraints to cattle production in a semi-arid pastoral district, Kenya
Onono, J., Wieland, B. and Rushton, J., RVC, VCS, United Kingdom; jonono@rvc.ac.uk

The objective of this study was to prioritize cattle production constraints and to assess diseases that have 
greatest impact on cattle production in Narok district. Data were collected through focus group interviews 
organized in different locations and disaggregated by gender. The participatory methods employed included 
listing of production constraints and diseases, pairwise ranking, proportional piling, disease incidence 
scoring, disease impact matrix scoring and probing techniques. The proportional scores for constraints 
and for diseases were used for descriptive statistical analysis. A long list of production constraints were 
obtained and those that were highly ranked were lack of water (0.19), lack of extension services (0.15), 
cattle diseases (0.12) and lack of markets and poor prices for cattle products (0.10). There was a significant 
statistical difference between the mean scores for production constraints with P=0.001. The cattle diseases 
with high estimated incidences included FMD (67.9%), trypanosomiasis (27.6%), ECF (6.7%), heartwater 
(3.9%) and CBPP (0.31%). The other diseases mentioned were malignant catarrhal fever, anaplasmosis, 
brucellosis, blackquarter, abortions, bovine ephemeral fever, eye diseases, heartwater, mastitis, anthrax, 
lumpy skin disease and plant poisoning. Diseases with the greatest impact on production according to 
their proportional mean scores were ECF (0.22), FMD (0.21), CBPP (0.08) and trypanosomiasis (0.07). 
There was a significant statistical difference between the mean scores for cattle diseases on production 
with P= 0.001. There were however no significant differences between the mean scores by gender and 
locations. In conclusion, the prioritized production constraints and cattle diseases can guide policy makers 
on improvement of cattle production in pastoral areas.
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The formulation and analysis of a model framework for forecasting livestock demographics in 
Scotland
Bessell, P.R., Handel, I.G. and Bronsvoort, B.M.C., Roslin Institute, United Kingdom; 
paul.bessell@roslin.ed.ac.uk

The requirement to be able to accurately forecast the numbers, species and distribution of livestock on 
Scottish farms is vital for the management of rural economies, food security and predicting and managing 
the effects of disease introduction into a changed livestock demography. Furthermore, such a framework 
can be used for evaluating the effects of shocks such as CAP reform on the system. This paper describes 
the development of a stochastic simulation model framework for predicting the distribution of farms and 
numbers of cattle and sheep on the farms. The framework is based upon sampling from parameter and 
spatial distributions of changes to the sector. The model is parameterised through analysis of data from the 
Scottish agricultural census between 2006 and 2011 (inclusive). Between 2006 and 2011 there was a real 
fall of between 6 and 13% in the numbers of cattle, sheep and farms with either species. Using the model 
developed here a baseline scenario with 2006 as the starting point predicts the number of cattle, sheep and 
holdings in 2011 with either species to within 2% of the actual numbers. Furthermore, farm composition 
and distribution is accurately reflected in these predictions. The model was used to generate forecasts to 
evaluate the impact of shocks to the system, in particular the 2013 rounds of CAP reforms. The need to be 
able to forecast changes to the demographics of livestock are vital for agricultural management and to plan 
epidemic responses and these results will be used to populate epidemic models. Furthermore, the changes 
modelled here will be used to forecast changes in the pattern of movements within Scotland and between 
Scotland and its trading partners. This is a framework that could be readily applied to different countries 
and scenarios.

Comparison of farm performance between participants and non-participants in veterinary herd 
health management in the Netherlands
Derks, M.1, Van Werven, T.1, Kremer, W.D.J.1 and Hogeveen, H.1,2, 1Utrecht University, Faculty of Veterinary 
Medicine, Farm Animal Health, Netherlands, 2Wageningen University, Business Economics Group, 
Netherlands; m.derks@uu.nl

To determine whether farmers enrolled in a veterinary herd health management (VHHM) program obtain 
better farm performance than farmers not enrolled. In September 2011, 5,000 randomly selected dairy 
farmers participating in a dairy herd information program received a questionnaire per email, asking 
whether they participated in VHHM. If so, the farmer was asked to indicate which topics where discussed 
during farm visits in what frequency. From all farmers information on milk production parameters (e.g. 
milk yield), fertility parameters (e.g. calving interval, number of inseminations per cow), and udder health 
(e.g. somatic cell count (SCC), % new high SCC) was available. Relations between VHHM and production 
characteristics of farms were analyzed using general linear models. Response rate of the questionnaire 
was 20% (1,013/5,000). There were 695 participants and 318 non-participants in VHHM. Most important 
VHHM topics were fertility (regular topic at 85.5% of the farms), milk production (55%) and udder health 
(56.7%). Participants had significantly more cows (83 versus 81) and significantly better milk yield (kg/
cow/year) (8.591 versus 8.230), bulk milk SCC (cells/ml) (218,000 versus 226,000), and calving interval 
(days) (416 versus 419). They had however significantly more inseminations per cow (1.9 versus 1.8). 
Farmers participating in VHHM overall have better farm performance parameters. Whether the economic 
benefits weigh out the costs of VHHM is an important future research question.
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The contribution of agricultural research to managing zoonoses and foodborne diseases
Grace, D.1 and Mcdermott, J.2, 1International Livestock Research Institute, Kenya, 2International Food 
Policy Research Institute, USA; d.grace@cgiar.org

In 2012 the Consultative Group on International Agricultural Research (CGIAR) launched a major initiative 
on leveraging agriculture to improve human nutrition and health. Foodborne disease, zoonoses, and emerging 
diseases were identified as human health problems for which agricultural research can make a difference. 
Endemic zoonoses are of major importance to the health of the poorest and minor to the rich. In contrast, 
emerging infectious disease and food-borne zoonoses impose moderate health, and high economic, impacts 
on rich countries. This difference appears to be reflected in funding. Many negative impacts of zoonoses 
and emerging diseases are from inappropriate responses by authorities, farmers and general public rather 
than disease itself, and the CGIAR has a role in generating better evidence on disease priorities. Livestock 
populations are increasing and intensifying; we identify aspects that increase health risk and others that 
reduce it: overall intensification in poor countries is a significant health risk. Livestock also impair health 
through greenhouse gas production and environmental degradation. On the other hand, livestock offer a 
pathway out of poverty and a source of high biological value nutrition. Research can help ensure livestock 
intensification works for poor farmers and consumers and that present populations are nourished without 
putting future generations at risk. For many diseases with animal reservoirs, control in agro-ecosystems 
is more cost-effective, but it may not always feasible or acceptable. Zoonoses and food-borne diseases 
are rarely the most important (or limiting disease) for livestock, much disease control is a by-product of 
development, and integrated development-based approaches may be more appropriate and sustainable than 
silver bullets. CGIAR research has a key role in understanding how agricultural and veterinary involvement 
can improve the management of health risks that have their origin on farms and food chains.

Reducing assessment time of the Welfare Quality® protocol for dairy cattle
De Vries, M.1, Van Schaik, G.2, Dijkstra, T.2, De Boer, I.J.M.1 and Bokkers, E.A.M.1, 1Wageningen University, 
Animal Production Systems group, Netherlands, 2GD Animal Health Service, Deventer, Netherlands; 
marion.devries@wur.nl

The Welfare Quality® (WQ) protocols are becoming a standard for assessing welfare of farm animals in 
the European Union. A disadvantage of these protocols is that they are time consuming (about one day 
per farm) and, thus, costly. Aim of this study was to predict some of the welfare indicators in the protocol 
instead of measuring them all, in order to reduce assessment time of the WQ protocol for dairy cattle. 
Seven trained observers quantified indicators of the WQ protocol in 181 loose housed and 13 tied Dutch 
dairy herds (herds size: 10 to 211 cows), using six assessments methods: (1) avoidance distance (AD); (2) 
qualitative behaviour assessment (QBA); (3) behavioural observations (BO); (4) clinical observations (CO); 
(5) interview (I); and (6) resources checklist (RC). Herds were selected based on stratified sampling, using 
a combined health score of mortality, udder health, and milk production. Based on the data collected on-
farm, herds were attributed an overall welfare classification using the WQ multicriteria evaluation model. 
Indicators of each assessment method were predicted using the indicators of the other five assessment 
methods as independent variables in linear and logistic regression models. For each assessment method, 
predicted and observed values were compared, and the effect of using predicted values on classification of 
herds was evaluated. The correlation between predicted and observed values was low for each assessment 
method (R2 between 0.01 and 0.33). When using predicted values for indicators of AD, QBA, BO, CO, 
I, and RC, still 94, 90, 79, 88, 86, and 86% of the herds were correctly classified, leading to an estimated 
reduction in assessment time of 37, 25, 150, 111, 15, and 15 min for a herd of 83 cows. It was concluded that 
dependence between welfare indicators of the different assessment methods in the WQ protocol for dairy 
cattle was low. However, replacing them with predictions did not lead to many incorrectly classified herds.

Poster topic 06 Poster 59

Poster topic 06 Poster 58



320 ISVEE – Book of Abstracts 2012

Surf and turf: surveillance and control of notifiable disease in UK aquaculture and agriculture
Adam, K.1, Henry, C.1, Baillie, S.2 and Rushton, J.1, 1Royal Veterinary College, United Kingdom, 2Bristol 
Veterinary School, United Kingdom; kadam@rvc.ac.uk

Notifiable disease outbreaks limit production and trade in UK agriculture and aquaculture and the approach 
to cost sharing and veterinary involvement is often debated. To highlight the different strategies employed 
in livestock and fish production, surveillance and control measures are described for foot-and-mouth 
disease (FMD) and infectious salmon anaemia (ISA), both notifiable, exotic, non-zoonotic diseases which 
have occurred recently in the UK. Active, government-funded, sampling surveillance for ISA is carried out 
at regular intervals on UK fish farms. Livestock farms rely on observation by vets and farmers to detect 
FMD. The salmon industry must bear financial losses resulting from control measures as no compensation 
is given for ISA-infected fish stocks in line with other European salmon-producing countries. Farmers 
are compensated at full market value for FMD-affected livestock. Surveillance and disease control in 
aquaculture operates with minimal public veterinary input: non-veterinarian fish health inspectors collect 
samples and investigate and manage suspected cases of ISA. Vets carry out passive surveillance for FMD 
on farms and at abattoirs and government veterinary officers are responsible for outbreak investigation and 
control. In all recent UK outbreaks of ISA and FMD, the index cases were detected by veterinary surgeons. 
Veterinarians are more involved in livestock disease surveillance and control than in farmed fish; the origins 
of this are probably historical and linked to UK legislation which allows fish disease to be diagnosed without 
veterinary input. Current contingency plans and recent responses to ISA and FMD outbreaks are reviewed 
to explore how policy decisions affect financial support for producers and supply and demand for veterinary 
services related to control of notifiable disease.

Expert opinion on feasible and cost-effective welfare indicators
Otten, N.D.1, Rousing, T.2, Burow, E.2, Houe, H.1, Thomsen, P.T.2 and Sørensen, J.T.2, 1University of 
Copenhagen, Large Animal Sciences, Denmark, 2Aarhus University, Animal Sciences, Denmark; 
nio@life.ku.dk

Monitoring and assessing farm animal welfare have been the cornerstones of the past European Community´s 
Action Plan on Animal Welfare stating the clear objective of introducing welfare indicators. As a result, 
the Welfare Quality® protocol offers validated measures for several species of production animals. Like 
in any other on-farm assessment time-consumption and costs are high. The vast quantity of information 
from routinely collected data in modern dairy production together with additional system information hold 
a great potential as indicators, but only few studies report expert opinion on the use of register data for 
welfare assessment purposes. Hence the objective of this project became to investigate expert opinion on 
feasible and cost effective indicators of animal welfare. These indicators were divided into two groups: 
the easy feasible register based indicators from the Danish Cattle Database and into the slightly more 
expensive resource-based indicators, ultimately seeking out the most predictive combinations of indicators 
for animal welfare. A panel consisting of 15 experts on dairy cattle production and welfare were invited 
to an on-line survey on rating 28 presumed welfare related indicators from register data and 20 additional 
resource-based measures. The experts were asked to rank the importance of the measures in relations 
to a welfare assessment. Further, experts were asked to assign contributing weights to single measures 
within a combination of several measures in order to describe one of ten criteria derived from the Welfare 
Quality® protocol. Results showed good agreement between experts amongst the evaluation of the given 
measures. Although a number of the experts’ uttered concern about performing welfare assessments and 
evaluation restricted to the use of this type of indicators, we believe they hold a great potential for a risk 
based identification of potential problem herds.
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Economics of an intensified monitoring and treatment strategy against clinical mastitis
Ettema, J.1,2, Østergaard, S.1,2 and Braad Kudahl, A.2, 1SimHerd A/S, Denmark, 2Aarhus University, Institute 
of animal science, Denmark; anneb.kudahl@agrsci.dk

Mastitis is of great economic importance due to its effect on milk production, culling risk and treatments 
costs. The frequency of mastitis treatments is often used as a measure for udder health in a herd. Farmers 
typically have different criteria for treating cows which makes it difficult to compare the health status 
between herds and evaluate the efficacy of different treatment strategies. The aim of this study was to 
simulate the consequences of an intensified treatment strategy against mastitis. SimHerd, a dynamic and 
mechanistic Monte Carlo simulation model of a dairy herd including young stock, was used to study 
two different treatment strategies. In the low threshold strategy (intensive treatment strategy) all clinical 
symptoms of mastitis were treated. In the high threshold strategy mild cases were not treated unless they 
developed into severely inflamed quarters. The clinical mastitis cases were classified according to severity. 
The distribution among mild, moderate, severe and chronic cases was 0.0, 0.50, 0.25 and 0.25 in the high 
threshold strategy and 0.75, 0.25, 0.0 and 0.0 in the low threshold strategy. Compared to low threshold, only 
25% of all mastitis cases were treated in the high threshold strategy. By simulating, among other effects, 
that mild and severe cases of mastitis reduce milk yield by 50% and 250% compared to a moderate case 
and by assuming that chronic cases of mastitis reduce milk yield capacity for life, by 15% the technical 
and economic effects of the two strategies were evaluated for an average Danish dairy herd. For the low 
threshold strategy, compared to high threshold, the simulation model found a higher milk yield of 391 kg 
ECM per cow-year, a 20% reduction in cow mortality, a 30,000 lower bulk tank somatic cell count but also 
€4,700 higher treatment costs in a 200 cow herd. Despite the higher treatment costs the contribution margin 
per cow-year was in total €85 higher for the low compared to the high threshold strategy.

Effects of control strategies against Salmonella Dublin infections in dairy herds estimated by the 
Dublin-Simherd model
Kudahl, A.B.1, Nielsen, L.R.2 and Østergaard, S.1, 1Aarhus University, Animal Science, Denmark, 2University 
of Copenhagen, Large animal sciences, Denmark; anneb.kudahl@agrsci.dk

Control strategies against Salmonella Dublin infections in dairy herds were evaluated in the ‘Dublin-
Simherd’ model – a dynamic, stochastic and mechanistic Monte-Carlo simulation model of S. Dublin. The 
model simulated infection dynamics and production losses in a dairy herd with additional young stock 
over a period of 10 years in weekly time steps. Control strategies were applied one year after the infection 
was introduced to the herd by one infectious heifer purchased into the herd four weeks before calving. The 
effect of 19 control strategies on incidence rate was evaluated in three herd sizes (85, 200 and 400 cows). 
The control strategies involved test-&cull, vaccination of preweaned calves and improved hygiene and 
management in one or more of 6 different age-groups (3×calves, 2×heifers and cows). The only control 
strategies that reduced incidence rate effectively involved improved hygiene and management in all six age 
groups. Second best strategy was improved hygiene and management in cow and breeding heifer barns, 
while improving hygiene and management only for the calves had a very small effect. Culling strategies 
based on detection of infectious animals using ELISA tests and bacterial culture in different combinations 
with a frequency of 1 or 3 times per year had almost no effect on the incidence rate. Culling had a minor 
additional reducing effect on the incidence rate when combined with improved hygiene and management 
only among cows and heifers. In some scenarios culling strategies increased the incidence rates because old 
resistant animals testing false-positive were replaced by younger and more susceptible animals. Vaccination 
of preweaned calves had a negligible effect on the incidence rate. With decreasing herd size most control 
strategies became more incidence-reducing.
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The impact of Q fever: a quantitative value chain analysis of the Dutch dairy goat sector
Gonggrijp, M.A.1,2, Nielen, M.2 and Hogeveen, H.2,3, 1GD Animal Health Service, Netherlands, 2Utrecht 
University, Faculty of Veterinary Medicine, Netherlands, 3Wageningen University, Chair group Business 
Economics, Netherlands; m.gonggrijp@gddeventer.com

The economic impact of an animal disease and its associated control measures are generally most evident on 
farm level. In contrast, the impact on sector level often remains unclear and is not fully understood. Many 
actors are involved in a livestock sector and they are all related to each other, in various ways. To measure 
the impact of a disease on all these different actors, a value chain analysis can be conducted. In this study, a 
value chain analysis was used to investigate the economic impact of the Q fever outbreak in the Dutch dairy 
goat sector and the associated control measures taken at the end of December 2009. In total, 34 actors of the 
goat sector were interviewed and provided information about their total revenues, gross margins and view 
on the sector. With this information a value chain was built and used to estimate the economic differences 
(in terms of gross margin) in the Dutch goat sector between 2009 and 2010. The results from this analysis 
demonstrate a major negative impact of the Q fever outbreak on the gross margins of the farmers (-28%) 
and most of the actors directly related to them, for example the milk collectors and (fodder)suppliers. Large 
differences among the actors in these groups were visible, especially between affected and non-affected 
farmers (resp. -67% and -16%). Even though not all of the actors were negatively affected by the outbreak, 
the gross margin of the total chain showed a decrease of 14% in 2010. The gross margins of the farmers 
revealed the most sensitivity to differences in goat milk price in alternative scenarios. Value chain analyses 
often remain qualitative and descriptive. In this study, however, the value chain analysis was extended with a 
quantification of the impact of an animal disease. This provided quantitative information of the considerable 
negative impact of Q fever on the Dutch dairy goat sector.

Chilean ethnic groups and livestock: is there any association?
Hamilton-West, C.1, Dress, M.2, Hervé-Claude, L.P.3 and Kreienbrock, L.2, 1Faculty of Veterinary Science, 
University of Chile, Department of Preventive Veterinary Medicine, Chile, 2University of Veterinary 
Medicine Hannover, Bünteweg 2, 30559 Hannover, Germany, 3BALVI Chile Ltda, Chile; 
lothar.kreienbrock@tiho-hannover.de

Chile is composed of a large variety of aboriginal ethnic groups that have lived in its territory for thousands of 
years. Although initially only the groups in the north domesticated animals (llamas & guanacos), nowadays 
all of them practice animal husbandry at some level. In 2007 a full scale agricultural census took place in 
Chile, generating valuable information regarding both key elements: ethnic group of the owners and number 
of animals of each species simultaneously. Additional other information of agricultural interest was also 
integrated into the census data. This study therefore focuses on this association and describes the relationship 
of different Chilean ethnic groups and their animals especially with their non-aboriginal counterparts for 
the first time. The analyses are conducted in a multi-step stratified approach using administrative regions as 
well as geographical measures (altitude, agricultural zone etc) as classes to adjust for possible confounding 
and to study interactions in the different livestock systems. The results of this study can be of great interest 
to develop a new series of studies exploring the animal husbandry traditions of Chilean aboriginal ethnic 
groups, and by doing so, helping the government to develop their agricultural policies according to each 
specific group.
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The spatial ecology of free-ranging domestic pigs in the Lake Victoria Crescent: a prelude to 
understanding disease transmission within low-input production systems
Doble, L.F.1,2, De Glanville, W.1,2, Cook, A.E.1,2 and Fèvre, E.M.1,2, 1International Livestock Research 
Institute, Kenya, 2University of Edinburgh, United Kingdom; L.doble@sms.ed.ac.uk

In this poster we will describe a spatial ecology study of free-ranging domestic pigs within the Lake Victoria 
Crescent region. The poster will describe collection and analysis of global positioning system (gps) data in 
order to determine the homerange of a domestic pig and how this data can be utilized in the understanding 
of disease transmission within this production system. A growing global demand for animal protein is being 
met in part by the expansion of pork production, which in many low-income countries is characterized by 
free-range systems. Free-range pigs are, however, at a higher risk of acquiring many diseases than their 
conterparts kept under intensive systems. These diseases may have serious public health or international 
trade implications such as T. solium cysticercosis and African swine fever, or have an economic impact 
due to poor production and carcass condemnation. Ten pigs in the Western Kenya region were identified 
through a multi-stage random sampling method and a harness with a gps unit was fitted to each for a period 
of 7 consecutive days. Position of the pig was recorded by the gps unit every three minutes and transmitted 
to a remove server via a mobile phone signal. The homerange was determined to be the area covered by 
90% of the isopleths generated by a local convex hull technique. The average home-range of a domestic 
free-range pig was found to be 7,700 m2 and the average distance moved a day was 6,720 m. We believe 
that the home-range data presented in this poster is the first time that such an estimate has been attempted 
and that it has great utility within further studies of disease transmission, particularly in the mathematical 
modeling of disease.

Social network analysis on innovative governance arrangements for the control of bovine brucellosis 
and tuberculosis in Brazil
Todeschini, B.1, Heineck, A.2, Almeida, J.1, Groff, A.3, Machado, G.4 and Corbellini, L.4, 1Ministry 
of Agriculture, Livestock and Supply–MAPA, Brazil, 2UNIVATES, Brazil, 3Secretariat of Agriculture, 
Livestock and Agribusiness–SEAPA/RS, Brazil, 4Federal University of Rio Grande do Sul-UFRGS, Brazil; 
lgcorbellini@hotmail.com

The aim of this paper is to analyze the governance arrangements (GA) developed in 2009 in the state 
of Rio Grande do Sul, which supported a unique performance of the National Program for the Control 
of Bovine Brucellosis and Tuberculosis (PNCEBT) by targeting the eradication of those diseases in six 
selected municipalities on the claim of veterinary public health. Documents related to the GA established 
in the county of Arroio do Meio were studied, as well as data on diagnostic tests performed in the county. 
Each participant institution and their responsibilities were arranged into a Social Network Analysis (SNA) 
scheme, which considered their sectors (public/private), administrative levels (local/state/national) and 
power branch (executive/legislative/judicial). The SNA showed the public sector having more activities 
to perform, while private sector players were especially important on raising awareness and bridging the 
distinct levels of command. Beyond that, all the deeds were performed in a complementary way by the 
actors, being the GA able to tackle all the strategies predicted by the PNCEBT. The tests performed on the 
county showed evolution of 1.748% (n=85,617) on the number of tested animal and of 1.912% (n=5,546) 
on the tested holdings, when comparing a two-year period before and after the launching of the GA. Results 
demonstrate that the proposed structure of analysis is valuable when planning animal health programs, in 
order to build commitment of stakeholders and prevent omissions or overlapping of duties. Besides that, 
it can promote collaborative approaches to address the limits inherent to the jurisdiction of each player in 
order to bring synergy and efficiency to the project, stimulating adhesion and curbing evaders.
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Economic evaluation of two PRRSv-elimination strategies for an endemic infected multiplier pig 
farm using Monte Carlo simulation
Tobias, T.J.1, Gonggrijp, M.A.2, Houben, M.3 and Hogeveen, H.1,4, 1Utrecht University, Faculty of Veterinary 
Medicine, Netherlands, 2GD Animal Health Service, Netherlands, 3PorQ, Netherlands, 4Wageningen 
University, Business Economics Group, Netherlands; h.hogeveen@uu.nl

Porcine Respiratory and Reproductive Syndrome virus (PRRSv) causes decreased production efficiencies 
and increased health costs in pig farms. Elimination of PRRSv on farms can be reached by depop-repop or 
herd closure with offsite rearing of weaning piglets. Pre-elimination cost-benefit analysis is often based on 
partial budget methods, while stochastic modeling could include variation between farms with regards to 
production parameters and therefore variation in outcome. A Monte Carlo simulation model calculating the 
gross margin of a multiplier pig farm was created. Data and distributions for farm parameters were derived 
from 900 Dutch pig farms and agricultural databases. Both PRRSv elimination strategies were evaluated 
and for herd closure elimination reached at 4 and 8 months was evaluated. Conservative estimates for 
the change of technical parameters after elimination were derived from literature and used in a uniform 
distribution. The time until breakeven of the accumulated gross margins for the old versus the PRRSv free 
situation, including the elimination period, was calculated. Next to this, the minimum increase in piglet 
price was calculated when a farmer wants to break even in 1 or 3 years. When pig prices would not increase 
after elimination, the breakeven in gross margins was reached in 11.7 years (8.4-18.4) for full depop-repop 
and within a year for both of the herd closure scenarios. The piglet price needed to increase with 5 euro to 
reach the breakeven of gross margins within 3 years and with 13 euro to break even in 1 year, for the full 
depop-repop method. Sensitivity analysis showed that piglet price was the most influential parameter on 
gross margin and years till breakeven. Herd closure is more profitable for farmers as elimination strategy, 
when only elimination of PRRSv is considered.

Cost effectiveness of fattening of Improvac® vaccinated versus surgical castrated boars under 
German field conditions
Sattler, T.1, Rausch, R.2 and Schmoll, F.1,3, 1University Leipzig, Large Animal Clinic for Internal Medicine, 
Germany, 2Veterinary Practice, Priestewitz, Germany, 3AGES, Institute for Veterinary Disease Control, 
Austria; tasat@vetmed.uni-leipzig.de

Vaccination of boars with Improvac® is a proven and animal friendly alternative to surgical castration to 
prevent boar taint. An improvement of both growth performance (daily weight gain) and carcass quality 
is well known, but calculations of profitability in large fattening farms are still needed. Objective of the 
study was to determine the economic impact of fattening Improvac® vaccinated boars compared to surgical 
castrated boars under German field conditions. In the study a total of 660 Improvac® vaccinated boars and 
755 surgical castrated boars were assigned to three fattening groups. Daily weight gain, number of days 
to marked, carcass weight, lean meat percentage and price per kg carcass weight and per carcass were 
recorded and evaluated. Daily weight gain in Improvac® vaccinated boars was significantly higher than 
in surgical castrated boars (1,013 g versus 978 g). Improvac® vaccinated boars reached a significantly 
higher carcass weight (98.6 kg) in 99 fattening days and had leaner meat percentage (55.6%) than surgical 
castrated boars (97.6 kg, 101 days and 53.5%). At slaughtering general price per kg carcass weight (56% 
lean meat) was between 1.50 € and 1.56 €. Results presented in this study showed that Improvac® vaccinated 
boars realised a significantly higher average price per kg carcass weight and per carcass (1.52 €, 150.55 €) 
compared to surgical castrated boars (1.47 €, 143.99 €). In consistence to previous studies better growth 
performance and better carcass quality were reconfirmed at our study under field conditions too. An equal 
payment at slaughterhouse provided, the economical impact of vaccination with Improvac® compared to 
surgical castration is relevant (6.56 € per carcass at our study) and will compensate and mostly exceed the 
costs for the vaccination.
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An economic assessment of Salmonella control in the pork supply chain
Krebs, S. and Belloc, C., INRA-Oniris, UMR 1300 BioEpAR, France; stephane.krebs@oniris-nantes.fr

Salmonella are a main concern in public health and pig products can be at risk for human infection. This 
study aims at developing a tool useful for decision making process regarding Salmonella control measures 
throughout the pig supply chain. The mains levels considered are farm, transport-lairage and slaughtering 
process. A mathematical model has been developed in order to determine the influence of control measures 
implemented at several steps during the supply chain on the Salmonella prevalence on carcasses at the end of 
the slaughtering process. The model is parameterized using the outcomes of epidemiological models as well 
as expert knowledge. Using economic parameters, mathematical simulations (Monte Carlo simulations) are 
then performed to determine which measures implemented at which step(s) are the more cost-effective for 
Salmonella control. The performed cost-effectiveness explicitly includes a Salmonella prevalence target to 
achieve at the end of the slaughtering process. To illustrate this approach, a numerical application is given. 
Simulation results enabled us to highlight the incidence of the heterogeneity of Salmonella prevalence 
between batches of slaughter pigs on the choice of an intervention strategy. For each considered strategy, 
the probability to overcome the prevalence target can also be assessed. This study enabled us to develop 
a flexible tool, which can be parameterized to take into account the diversity of field situations (levels of 
Salmonella infection, slaughter processes). Il can also be adapted to specific stakeholders’ needs for instance 
by ex ante assessing incentive systems.

Cost assessment of rabies eradication in north-eastern Italy
Sartore, S.1, Guberti, V.2, Mulatti, P.1, Maltese, C.1, Bonfanti, L.1 and Marangon, S.1, 1Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVe), Italy, 2Istituto Superiore Protezione e Ricerca Ambientale (ISPRA), 
Italy; ssartore@izsvenezie.it

After more than 10 years, fox rabies was diagnosed during October 2008, in the Friuli-Venezia Giulia region 
of north-eastern Italy. In 2009, the infection spread to the neighbouring Veneto region, reaching part of the 
provinces of Trento and Bolzano in early 2010. An aerial emergency oral fox vaccination (OFV) programme 
was implemented for the first time in the winter of 2009-2010. Three other emergency OFV campaigns 
followed in 2010 and regular OFV campaigns were carried out in 2011. Rabies decreased to only 18 recorded 
cases in the second half of 2010, out of a total of 209. The last rabid fox was recorded in February 2011. 
The present study quantified the direct costs related to rabies control activities. Specifically, two scenarios 
were considered: the base scenario where control was based on fox depopulation until the virus extinction 
threshold was reached; an alternative scenario based on aerial vaccination. The targets of both scenarios 
were assumed to be the same, as were the area and season (winter) of intervention. Costs and outcomes 
were different. Fox depopulation was assumed to be conducted by gamekeepers and the costs required 
to reduce the population below the threshold were estimated. Vaccination costs incurred for vaccination 
campaigns from December 2009 to December 2011 were estimated as the sum of expenses for: lab tests 
to evaluate vaccination efficacy, baits, use of helicopters for bait distribution, transport and bait storage. 
Some costs were considered for both scenarios such as lab tests for assessing the epidemiological situation 
and the vaccination of domestic animals. In this analysis, fox depopulation was considered to be the only 
alternative to aerial vaccination. Since the present work was primarily focused on economic aspects, the 
importance of ethical aspects related to depopulation was not taken into account.
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Vaccination to Live, can it be an option to prepare for FMD potential risk in Japan?
Hosono, H.1, Yamaguchi, M.2 and Shirai, J.2,3, 1the University of Tokyo, Japan, 2Kyoto University, Japan, 
3Tokyo University of Agriculture and Technology, Japan; hiromix@isas.a.u-tokyo.ac.jp

Foot and Mouth disease outbreak in Miyazaki, Japan in 2010 caused about 290 thousand animal culling 
and the estimated economic loss amounts to 234 billion yen according to the local government. The 
outbreak has convergent in July 2010 and recovered FMD free status in Feb. 2011 due to the application 
of vaccination to kill policy as well as collaborative efforts of stakeholders. This prompt recovery has 
been praised globally however there still remain arguments from the economic or animal welfare point of 
view. Most economic analysis of FMD that compare the cost effectiveness of vaccination and stamping 
out emphasize the importance of international market access. However, it is not the case when the feature 
of Japanese livestock market is taken into account; expensiveness of animal, precious genetic resource, 
mostly consumed domestically and limited exports. Under this condition, consumer opinion plays key role to 
identify economically viable policy. Reflecting this, we conducted a web-based consumer survey on attitude 
toward FMD control measure taken during the outbreak and willingness to accept for meat if vaccination 
to live strategy is to be applied. A total of 1920 valid response from female aged 20-69 were collected. As 
a result, 46.4% of respondents revealed the discomfort with destroying animal only for economic reason, 
24.8% showed intention to purchase FMD vaccinated meat if the animal were not infected and 15.3% 
willing to buy FMD vaccinated meat to support Miyazaki. Willingness to pay (WTP) for FMD vaccinated 
beef and pork compared to non-vaccinated meat were 56.8% and 65.5% respectively. However consumers 
who want to support the affected area revealed 150% WTP both for beef and pork if the animals were tested 
to be uninfected. Though the technical issue remained to assure the vaccinated animal to be uninfected, 
the results indicate the vaccination to live strategy could be an option to prepare for the future outbreak.

A cost-effectiveness model for an on farm rapid-test for Campylobacter in broiler chickens
Simons, R., Hill, A. and Rodgers, J., Animal Health and Veterinary Laboratories Agency, United Kingdom; 
Andrew.Hill@ahvla.gsi.gov.uk

As part of the drive to reduce human campylobacteriosis, there is a requirement to reduce the levels of 
Campylobacter in UK broiler flocks. Campylobacter control programmes are required and may involve 
several stakeholders; the poultry industry, retail sector, government and scientific researchers. A consultation 
of stakeholders has shown support for the use of a rapid farm-based test to support the control programme 
for Campylobacter in broilers. Several rapid test methods have potential for farm based testing. However, 
ideally, any new rapid test should be more cost-effective than current laboratory (culture) tests. This study 
has developed a mathematical model that could compare the relative cost-effectiveness of different tests 
for the detection of Campylobacter in broiler flocks. The model highlights the potential for savings using 
rapid tests rather than culture. Culture is only competitively cost-effective in a short-term testing situation 
(100 flocks over two years), not when a larger number of tests are required. Our analysis suggests that even 
in the short-term situation the Lateral Flow Device (LFD) rapid test would be more cost-effective than 
culture. Thus, as the LFD is available now it could potentially offer immediate savings over current culture 
methods in most testing situations. Further analysis suggests that if a rapid test can be developed that has 
a sensitivity and specificity of ca. 90%, set up costs of £500 and individual test costs of £12.50, it should 
prove more cost-effective than culture. However, this is based on the assumption that all model inputs are 
comparable. The generation of good comparable performance data for testing on farm samples (faeces) by 
LFD and the other method options are required before we can confirm these findings.
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Prevalence of antileptospiral agglutinins and anti-Neospora caninum antibodies: a first step to 
economic evaluation of dairy herds in Minas Gerais, Brazil, 2010
Nicolino, R.R.1, Lopes, L.B.2, Rodrigues, R.O.3, Teixeira, J.F.B.1 and Haddad, J.P.A.1, 1Universidade 
Federal de Minas Gerais, Department of Preventative Veterinary Medicine, Brazil, 2Brazilian Enterprise 
for Agricultural Research – EMBRAPA, Brazil, 3Fepagro Animal Health – Veterinary Research Institute 
Desidério Finamor, Brazil; rafa_uenf@hotmail.com

The economic losses related leptospirosis and neoporosis are unknown in Brazil, the prevalence estimate 
is the first step to achieve a quantification of the lost value and thus what effects control measures should 
be propose with economically efficiency. The study aimed to evaluate the prevalence of anti-Leptospira 
agglutinins and anti-Neospora caninum antibodies in dairy cows, located in properties in the microregion 
of Sete Lagoas, Minas Gerais, in the year 2010. The state of Minas Gerais is the largest milk producer 
in Brazil, producing more than 5.6 billion liters of milk annually. A total of 2,915 serum samples were 
collected from the lactating cows of 151 properties in eleven municipalities. The technique used was the 
microscopic agglutination test (MAT) for leptospirosis agglutinins and a commercial ELISA kit for anti-N. 
caninum antibodies detection. As a result, 20.7% (CI 95% = 17.1-24.3%) at animal level and 80.8% (CI 
95% = 73.8-87.7%) in herd level were positive to anti-Leptospira agglutinins. The most prevalent serovars 
were hardjoprajitno at 19.4%; hardjoprajitno strain Norma at 17.4%; and hardjo-bovis at 17.4%. The 
prevalence of anti-N. caninum antibodies were 21.9% (CI 95% = 18.9-24.9%) at animal level and 98.5% 
(IC 95% = 97.0-99.9%) at herd level. The agglutinins anti-Leptospira and antibodies anti-N. caninum are 
widely distributed in the properties of the microregion of Sete Lagoas, Minas Gerais. The next step of the 
project is to analyze the risk factors and estimate the economic losses by these two diseases in the dairy 
cattle. Thanks to CNPq, FAPEMIG and INCT-Pecuária for funding this project.

Methodological framework for a participatory study to evaluate the socio-economic factors impairing 
the efficacy of animal health surveillance systems
Delabouglise, A.1, Antoine-Moussiaux, N.2, Binot, A.1, Vu Dinh, T.3, Nguyen, V.K.4, Duboz, R.1 and Peyre, 
M.1, 1CIRAD, AGIRs, France, 2Université de Liège, Belgium, 3Hanoi Agricultural University, Viet Nam, 
4NIVR, Viet Nam; alexis.delabouglise@cirad.fr

The need to set up efficient, sustainable surveillance networks of animal diseases is a major issue for 
worldwide animal and public health management. In developing countries the need to assess the efficiency 
and sustainability of surveillance systems is of primary importance because of major sanitary issues and 
limited economic resources. So far, only the economic component of the sustainability concept has been 
subject to scientific interest, leaving out the social aspects. We present here a methodological framework 
for an assessment of social and economic issues faced by local actors involved in surveillance systems. This 
multidisciplinary approach consists of two major steps: first, the identification of the pathways of sanitary 
information diffusion through formal and informal social networks, and second the characterization of 
the socio-economic factors involved in these information sharing behaviors. Two methodologies can be 
implemented to develop models of the social network involved in sanitary information flow: (1) individual 
structured interviews based on prior identification of the actors involved; and (2) participatory methods, 
including observation and workshops. The development of the two models allows for comparison between 
their outcomes and their respective relevance. Stated preference methods, widely used in the field of 
economics to assess non-market values can then be applied to identify and quantify the social goods at 
stake in sanitary information flow. Due to the social and interactive nature of the targeted decision-making, 
stated preferences were elicited using participatory tools as well as role-playing games.
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Identification of health problems affecting livestock of the Aymara ethnic group in the region of Arica 
and Parinacota, Chile
Cordova, F., Ramirez, G., Urcelay, S., Araya, F. and Hamilton-West, C., Faculty of Veterinary Science, 
University of Chile, Department of Preventive Veterinary Medicine, Chile; 
christopher.hamilton@veterinaria.uchile.cl

The Aymara ethnic group live in the Altiplano, which is an area of inland drainage laying in the central 
Andes. This zone includes part of Chile, Bolivia and Peru. Their population is estimated in about two 
million people. The Aymara´s livelihood is closely related with the livestock they breed, which is mainly 
composed by South American camels ‘llamas’ (Lama glama) and ‘alpacas’ (Lama pacos). The main 
products they get are meat and fiber to produce clothes. Those products are for their own use or for trade. 
Also, llamas and alpacas represent part of the particular Aymara´s view of the world. To keep a good health 
status of ‘llamas’ and ‘alpacas’ is a key element for Aymara´s subsistence. Nevertheless, there is a lack of 
studies addressing this issue. This study therefore focuses in the identification of the main health issues that 
affects the livestock of South American camel of the Aymara group that live in the Chilean region of Arica 
and Parinacota, through participatory epidemiology. Personal and group interviews are being conducted 
during January and March 2012. The results of this study can be of great interest for the Chilean animal 
health authorities and for the governmental agricultural extension services, to develop agricultural policies 
according to the Aymara needs.

EPIC Scottish government centre of expertise on animal disease outbreaks: new horizons in the 
research policy interface for animal disease control
Auty, H.1, Boden, L.2, Mellor, D.2 and Gunn, G.1, 1SAC, Epidemiology Research Unit, United Kingdom, 
2University of Glasgow, United Kingdom; harriet.auty@sac.ac.uk

EPIC is the new Scottish Government Centre of Expertise on Animal Disease Outbreaks. The Centre is 
designed to provide access to high quality advice and analyses on the epidemiology of animal diseases 
that are important to Scotland and to best prepare Scotland for the next major disease incursion, by: (1) 
delivering timely and accurate advice to the Scottish Government; (2) developing the coordination of 
research, analysis and interpretation across disciplines, leading to high quality, world leading research; (3) 
stimulating innovative thinking in support of policy development and implementation; and (4) developing 
a programme of knowledge exchange in order to ensure the effective underpinning of policy as well as the 
wider dissemination of knowledge. These aims will be delivered through a series of five linked modules: 
Module 1 – Communication and Contingency; Module 2 – Risk Modelling; Module 3 – Disease Control; 
Module 4 – Forecasting and Horizon Scanning; and Module 5 – Knowledge Exchange. EPIC is a consortium 
project involving SAC, University of Glasgow, University of Edinburgh, Moredun Research Institute, 
BioSS and James Hutton Institute, providing an exceptional concentration of expertise spanning veterinary 
epidemiology, economics, social science, molecular biology, disease modelling and biomathematics, and a 
unique opportunity to combine these disciplines to achieve outputs that are meaningful and relevant. This 
project builds on a previous award to an ‘EPIC consortium’ project focused on surveillance, and aims to 
build a sustainable model for the control of animal disease outbreaks for Scotland.
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A dynamic simulation model for cost-benefit analysis of paratuberculosis control strategies in dairy 
farms
Fourichon, C.1, Ezanno, P.1, Marce, C.1,2, Pfeiffer, D.U.2 and Seegers, H.1, 1Oniris, INRA, UMR1300 
Biology, epidemiology and risk analysis in animal health, France, 2Royal Veterinary College, Veterinary 
Epidemiology Division, United Kingdom; christine.fourichon@oniris-nantes.fr

Efforts to reduce prevalence of paratuberculosis can be jeopardised if farmers don’t enrol in control 
programmes. For these decision-makers, the expected efficiency of the programme in the situation of their 
own farm is paramount. Methods to compare the costs of a programme and its expected benefits should 
account for the goals and constraints of the farm management. The objective of this study was to evaluate 
the costs and benefits of control programmes in infected dairy herds, taking into account the production 
goal and the constraints on replacement, assuming it varies with the frequency of other health disorders. A 
stochastic dynamic herd model was developed. Parameters for horizontal transmission of Mycobacterium 
avium paratuberculosis (Map) were issued from an epidemiological model where the contamination of the 
environment and the contact structure in the herd are explicitly represented. Herd dynamics and management 
were detailed. Inputs and outputs were estimated to calculate the gross margin. Different scenarios of Map 
control were simulated (systematic test-and-cull versus passive surveillance, improving hygiene of calf 
rearing) and compared to a do-nothing scenario. A sensitivity analysis was carried out with high or low 
levels of mastitis and infertility. When culling for infertility or mastitis was high, Map infection and Map 
control programme resulted in an annual herd milk yield below the production goal of the farmer, and in 
reduced gross margin for all scenarios. When it was low, several scenarios of Map control were beneficial 
after 7 to 13 years. This model shows that the efficiency of Map control can be reduced, and enables to 
identify the conditions for positive return on investment of a control programme in a variety of production 
contexts representative of goals and constraints of dairy farms.

Developing evidence-based recommendations for food safety and animal health: an evaluation of the 
GRADE approach
O’connor, A.1, Cernicchiaro, N.2, Funk, J.3, Hurd, S.1, Loneragan, G.4, Logue, C.1 and Renter, D.2, 1Iowa 
State University, USA, 2Kansas State University, USA, 3Michigan State University, USA, 4Texas Tech 
University, USA; oconnor@iastate.edu

In food safety and animal health it is critically important that evidence-based recommendations for 
interventions are made in a manner that is transparent, i.e. the rationale for the recommendation is clear. In 
human clinical medicine, the GRADE system has been developed over the past 10 years as an approach to 
facilitating transparent recommendation making. According to the GRADE working group website ‘The 
Grading of Recommendations Assessment, Development and Evaluation (GRADE for short) Working Group 
provides a framework for grading quality of evidence and strength of health care recommendations that is 
explicit, comprehensive, transparent, and pragmatic.’ The GRADE system is increasingly being adopted 
by organizations and professional societies worldwide including WHO and CDC. Although judgment is 
still required to interpret the data, GRADE aims to transparently document, what factors are included in the 
decision making. The GRADE approach suggests that panels making recommendations explicitly consider 
the following factors: (1) the quality of evidence; (2) the balance of benefits and harms; (3) certainty about 
values and preferences and 4) resource implications. This presentation will illustrate the basic principles 
of GRADE using examples from animal health (autogenous Moraxella bovis vaccines for Infectious 
Bovine Keratoconjunctivitis) and food safety (Vaccination and antibiotics for Salmonella in pork) where 
the GRADE approach was used. Further, the presentation will include a discussion of the potential for the 
GRADE process to be used in food safety and animal health settings.
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Perceptions of Finnish livestock producers regarding the costs of biosecurity
Niemi, J.K.1, Sahlström, L.2, Virtanen, T.2, Lyytikäinen, T.2, Sinisalo, A.1 and Lehtonen, H.1, 1MTT 
AgrifoodResearch Finland, Economic Research, Finland, 2Finnish Food Safety Authority Evira, Risk 
Assessment Research Unit, Finland; jarkko.niemi@mtt.fi

Studies show significant differences between farms regarding the biosecurity measures applied on farms. 
If proper biosecurity measures are not implemented, costs due to a contagious animal disease can soar. It is 
therefore of critical importance to know how the implementation of biosecurity measures can be promoted. 
One important reason for not to implement a biosecurity measure can be that it is considered too costly. 
This study contributes to the literature by analysing how the characteristics of a livestock farm and producer 
affect perceptions about the costs of implementing biosecurity measures. A questionnaire enquiring about 
biosecurity measures was mailed to 4,000 Finnish livestock farms (3,000 cattle and 1000 pig farms) in early 
2011. The overall response rate was 44%. Perceptions about the costs of of implementation of seven different 
biosecurity measures were enquired, relating to the use of protective clothing, purchases of animals, and 
characteristics of livestock house. The results were classified into groups and logistic regression was used 
to estimate how farm and producer-specific characteristics were associated with producer perceptions about 
the costs of implementing a biosecurity measure. Previous experience about using the biosecurity measure 
tended reduce perceived costs significantly, and it was the most important single factor associated with the 
cost perception. Small farms tended to estimate somewhat lower cost of implementation than large farms. 
In some cases female and higher educated respondents and producers with a production contract also tended 
to perceive lower costs of implementation. Hence, results suggest that the uptake of biosecurity measures 
could be promoted by sharing information and increasing the awareness about (positive) experiences 
regarding biosecurity.

A post-import quarantine survey of infectious diseases in breeding animals
Zunic Zvizdic, M.1 and Pavlak, M.2, 1Ministry of Agriculture, Croatia, 2Veterinary Faculty, Croatia; 
marina.pavlak@vef.hr

The study objective was to present the evidence through evaluation of tests performed on animals during 
the post-import quarantine. This study examines data presented on the introduction of animal infectious 
diseases of the breeding animals through international trade during 2007-2011 in the post-import quarantine 
period. Tests were performed in order to reconfirm the negativity as stated in the veterinary certificates 
that accompany the imported animals. Total of 202 bulls/heifers and 526 boars/gilts from 4 study sites 
underwent testing by OIE recommended serological tests on paraTB, tuberculosis, brucellosis, leptospirosis, 
FMD, leucosis, bluetongue, IBR/IPV or, PRRS, brucellosis, leptospirosis, FMD, CSF and tuberculosis, 
respectively. Imported animals originated from the EU. Two heifers imported from Germany were positive 
on leptospirosis. Five boars imported from Germany were positive on leptospirosis and two boars imported 
from Poland were positive on PRRS and leptospirosis. One boar imported from Germany was positive on 
brucellosis. At the same time, Germany reported presence of diseases to the OIE. Our findings contributed 
to the fact that despite the veterinary certificates that accompany all imported breeding animals stating for 
diseases-free status in the region or herd and/or animals diseases-free, the quarantine of breeding animals 
consigned to the Centers for production of semen is essential and should be a priority. Taken together, 
our findings confirm that there is need for post-import quarantine for breeding animals in addition to 
examination preformed prior consignment is consigned. Post-import quarantine is a risk-based approach 
that facilitates safe trade of animals. It is necessary because detection, control and eradication of introduced 
and spread zoonoses are usually very difficult and costly. Due to biological complexity, it is not easy 
and often impossible to identify how and when an infectious disease was introduced if discovered after 
quarantine period.
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Is there demand for animal disease insurance?
Heikkila, J. and Niemi, J.K., MTT Agrifood Research Finland, Economic Research, Finland; 
jarkko.niemi@mtt.fi

The European compensation policy for animal disease damages has recently been questioned. It has been 
suggested that instead of merely compensating for damages from the public funds, policies should provide 
incentives to reduce the risk of disease damages and that producers should be co-financing the compensation 
scheme. The aim of this study was to examine the views of producers on animal disease insurance and 
their interest in participating in various types of insurance arrangements. We sent a postal survey to all 
Finnish pig and poultry farms (about 2,700). The questionnaire included questions regarding the disease 
history, use of biosecurity measures, perceptions on the risk of animal disease, and the willingness to buy 
insurance. Response rates were 21% and 24% for swine and poultry farm, respectively. As much as 96% 
of the respondents reported to have some insurance to cover their livestock production and 81% reported 
to have insurance for animal diseases. The most common types of insurance were business interruption 
insurance (68% of the respondents) and Salmonella group insurance (67%). The mean annual premium for 
animal disease insurance was 630 euro, and for other livestock-related insurance 1150 euro. The willingness 
to expand livestock insurance coverage was on average relatively low. The most popular option to arrange 
insurance cover was group insurance arranged by the slaughterhouse or the egg packing company. There 
was positive attitude towards premiums that vary according to the risk of the farm, and less so for premiums 
that vary according to the risk at the regional level. The larger the farm, the more positive the respondents 
were towards insurance. The respondent’s education also affected the level of insurance cover that they had, 
but the age and gender had no statistical effect. Results suggest that there is demand for group insurance 
specifically designed to take the farm risk level into account. Instead, in the current good animal health 
situation there is no need for a broad insurance reform.

Quantifying economic losses of FMD based on data obtained during an outbreak: a simulation study
Niemi, J.K.1, Lyytikainen, T.2, Lehtonen, H.1, Sahlström, L.2 and Virtanen, T.2, 1MTT Agrifood Research 
Finland, Economic Research, Finland, 2Finnish Food Safety Authority Evira, Risk Assessment Research 
Unit, Finland; jarkko.niemi@mtt.fi

Decisions to mitigate foot and mouth disease (FMD) are taken under inperfect information, since the actual 
size of outbreak is unknown until all infected farms have been detected. Our goal was to estimate whether 
data obtained in the beginning of an outbreak could signal the potential for economic losses and help to 
target prevention. An epidemiological Monte Carlo simulation model was used to produce 100,000 FMD 
outbreaks. There were data about each cattle and pig farm in Finland. The model used large datasets to 
describe farm population and farm networks such as animal transportation registry to describe the spread of 
FMD via animal contacts. Outbreaks were started from each farm. A partial-equilibrium model simulated 
economic losses of FMD to Finnish producers, consumers and taxpayers. It took into account foreign 
trade distortions and their price effects. Regression models estimated which characteristics of an outbreak 
explained losses the most. Explanatory characteristic included the properties (size, location, local herd 
density) of the primary infected farm (PIF) and outcomes of an outbreak (size, spatial spread, duration). 
Data about outbreak magnitude and duration was more informative than the data about PIF. For instance, 
outbreak duration was important, because foreign trade and business interruption losses were related to 
it. The properties of PIF were associated with losses. Infections in dairy farms resulted in the most costly 
outbreaks. To anticipate losses caused by an outbreak, higher economic weights per observation must be used 
in the very beginning of an outbreak than at later stages. Since losses could be mitigated only partly after 
the detection of FMD, it is important to identify the cases where further losses are accumulated. In practice 
the potential to reduce losses by adjusting mitigitation policy after PIF has been detected is very limited.
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Spatial equity of the no cost spay/neuter program of dogs and cats in a developing country: the case 
of Bogotá, Colombia (preliminary results)
Polo, G., Ferreira, F., Amaku, M., Ferreira, J.S. and Dias, R., São Paulo University, Epidemiology and 
Biostatistics Laboratory, Brazil; gina@vps.fmvz.usp.br

The stray animals surplus is a global threat, observed in different countries. This surplus is also dependent 
on factors such as urbanisation level, public health, garbage management and cultural traditions. Neutering 
programs towards domestic animals, when accomplished permanently with adequate geographic distribution, 
has decreasing costs throughout the time and are effective in diminishing stray populations. The present 
study used the concept of spatial access ratio (SPAR) derived from the enhanced 2-step floating catchment 
area (E2SFCA) method to explore the spatial accessibility created by the no-cost neutering program to 
dogs and cats in the city of Bogotá, DC, Colombia. In particular, the equitable distribution of accessibility 
patterns is explored in relation to neighbourhood socio-economic strata.

Movement restrictions in a farms’ network for the control of the porcine reproductive and respiratory 
syndrome virus
Rat-Aspert, O., Belloc, C., Lurette, A. and Krebs, S., Inra, UMR 1300, France; 
stephane.krebs@oniris-nantes.fr

Introduction The transmission of the PRRSv (porcine reproductive and respiratory syndrome virus) 
between farms occurs because of infected neighboring farms or purchase of infected animals. Because it 
is difficult for a farmer to know the individual status of purchased animals, there is a need for a collective 
management based restriction of animal movements after assessment of farm status. We propose to assess 
the effectiveness of this strategy compared to the constraints it imposes. Materials and Methods We used 
recorded data of between-herds animal movements. The resulting network consists in real movements 
of different types of animals (8 kg and 25 kg piglets, reproductive gilts) between farms. We constructed 
a stochastic epidemiological model where herds can be susceptible or infected. The risk of infection 
due to trade in animals depends on the origin, the number and the type of animals purchased. The risk 
of infection by neighboring farms depends on the prevalence of the disease in the area. We modeled 
movement restrictions (based upon the farm’s last test result) that respect the animals’ flows to and from 
farms. Results The effectiveness of the restrictions of movements depends on the time between successive 
status assessments Halving the interval between tests (6 months to 3 months) induces a 50% decrease in 
risk of infection by trade. The constraint due to the increase in the number of movements and changes 
in the network structure depends on the prevalence in the area. Conclusion This model, highlighting the 
trade-off between constraints (increase in the number of movements, cost of the tests) and effectiveness 
(reduction in prevalence) of movement restrictions, can be a tool for decision makers to implement and 
monitor collective management of PRRS.
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Cost advantages analysis of vaccination of laying hens against EDS adenovirus. A case study in Algeria
Ferroukhi, A., Lounas, A., Yousfi, S. and Rahal, K., Blida Univesity, Veterinary sciences, Algeria; 
karimrahal@yahoo.fr

The egg drop Syndrome (EDS) due to Adenovirus has recently been observed in laying hens in Algeria, 
and many farmers would to assess the economic value of vaccination against this virus. The profitability 
simulation study of the vaccination against EDS has showed an interesting result about the financial 
advantages. This profitability depends of several factors such as the price of the egg, the size of the farm 
and the percentage of egg drop. The advantages costs ratio of this vaccination depends of the price’s egg, 
which is ranged between 9.72 and 13. Depending on the size of livestock, the variation of the ratio was 
6.82 to 10.81. Finally, it was eventually found that vaccination is at least six times more profitable in case 
of viral infection to EDS, whatever the size of the farm, the price of the egg or the percentage of egg drop.

Capacity building for animal disease risk modeling and related decision support systems in Liberia
Olugasa, B.O.1, Nipah, G.2 and Anderson, J.R.N.3, 1University of Ibadan, Ibadan, Department of Veterinary 
Public Health and Preventive Medicine, Nigeria, 2Ministry of Food and Agriculture, Accra, Veterinary 
Services Department (Epidemiology Division), Ghana, 3Ministry of Agriculture, Monrovia, Technical 
Services Department (Animal Health Section), Liberia; bolugasa@yahoo.com

The authors present developments in the infrastructure for veterinary services in Bong County, Liberia, 
explaining the values of the installed capacity of Trans-boundary Animal Disease Information (TAD-info) 
system, a Decision Support System for national veterinary services. The role of epidemiological stations 
established in four zones of the country in feeding data from animal population, clinical observations and 
specimens collected for confirmatory diagnosis at the Central Veterinary Laboratory in Fendal is provided. 
TAD-info was first installed at the Central Agricultural Research Institute (CARI), Bong County in April 
2010, with support from the United Nations Food and Agriculture Organization. In spite of technical 
challenges in manpower development, it has since contributed reasonably to national statistical record 
gathering on animal health and disease modeling. The potential use and improvements in manpower 
development for optimal use of this information gathering and processing facility is presented in this 
poster. There is need for training and retraining of users to fully utilize the potentials of the facility for 
the country in order to achieve the desired developmental goal. Emphasis has been placed on the training 
on geo-referencing and laboratory diagnostic support at the Central Veterinary Laboratory. The growing 
relationship between this facility and a consortium of Universities for control and prevention of endemic, 
emerging and neglected human-animal diseases in West Africa is discussed.
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Evaluating food safety management performance in a milk pasteurising facility using a microbiological 
assessment scheme
Kennedy, T.G., Veterinary Public Health Inspection Service, Department of Agriculture, Food and the 
Marine, Ireland; tomvet@eircom.net

The performance of a food safety management system (FSMS) in a milk pasteurisation establishment was 
measured using a microbiological assessment scheme (MAS). The MAS consists of multiple sampling 
locations along the process consisting of high-risk raw materials, the processing environment, process 
water and finished product. Nine microbial parameters were assessed. Results were benchmarked against 
legal, industry and best practice norms. 100% (n=233) of raw milk samples met the EU TBC standard of 
<105 cfu/ml, however, Listeria innocua was isolated in 3% (n=134) of raw milk samples. Listeria spp., 
Salmonella spp., Staph. aureus, Enterobacteriaceae, Bacillus cereus and Escherichia coli were not detected 
in any end products (n=539). Listeria welshimeri (a poor hygiene indicator) was identified in 2% (n=153) 
of environmental samples. Salmonella was not isolated in any of the 63 environmental sample. 6% and 1% 
of operator hand swabs (n=100) had TBC and Enterobacteriaceae counts respectively in excess of best 
practice norms of 102 cfu/cm and 101 cfu/cm respectively. One (2.2%) water sample (n=46) had a coliform 
count of 201 cfu/ml whereas five samples (11%) had TBC counts above acceptable norms. Entercocci were 
not isolated from any water sample. The results indicate that the FSMS is producing a safe product. The 
MAS is an effective risk assessment tool to assess the overall performance of the FSMS allowing a more 
targeted use of resources to implement improvement. Satisfactory end product microbiological results 
indicate that cold chain control, post pasteurisation contamination from dry ingredients (e.g. buttermilk 
cultures), packaging or unsanitary pipe work are not issues for this plant. The prerequisites of environmental 
sanitation, raw material supply and control, water treatment and storage and staff hygiene are the areas 
within the FSMS that pose the greatest risks.

A comparative risk assessment of screw worm fly (Chrysomya bezziana) in tropical Queensland
Pitt, D.J., Queensland Government, Department of Employment, Economic Development and Innovation, 
Australia; davidjpitt@bigpond.com

Screw worm fly (Chrysomya bezziana; SWF) is a threat to the Australian livestock industries; especially 
the northern Queensland extensive cattle industry. This risk assessment compares the small land holders 
(SLH) and the commercial cattle producers (CCP) who would initially be affected by SWF entering 
Queensland (QLD). Nine incursion pathways by which SWF might enter QLD were considered, and the 
two considered most likely were entry into QLD via a cattle vessel returning from a neighbouring country 
in which the fly was present; and entry with infested cattle entering overland from the Northern Territory 
(NT). The first incursion pathway necessarily involves initial exposure of cattle within 100 km of the coast, 
and the second cattle in western QLD. A survey of cattle producers, using a questionnaire administered by 
telephone, together with a review of the literature on SWF, produced qualitative and quantitative inputs 
into the risk assessment exposure and consequence pathways. The results of the survey were assumed to 
be equally applicable to cattle properties in western QLD. The likelihood of exposure following entry at 
the coast was higher for SLH than for CCP, and following entry from NT it was higher for CCP than for 
SLH. In the consequence assessment outbreak scenarios involving local spread, spread via saleyards, and 
spread to other properties were considered, and for each type of spread the likelihood was greater following 
exposure of animals on a CCP than animals on a SLH. Overall, the combined likelihood of exposure and 
spread was greater for SLH than for CCP, for all spread scenarios. However, given the greater number of 
cattle on CCPs than on SLHs, even in the coastal strip, initial exposure and subsequent spread is more likely 
to involve cattle on a CCP than cattle on a SLH. Extension effort needs to be directed to both SLH and CCP.
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Epidemiology of brucellosis and Q fever in rural, northern Togo
Dean, A.S.1, Kulo, A.2, Boukaya, A.3, Bonfoh, B.4 and Schelling, E.1, 1Swiss Tropical and Public Health 
Institute, University of Basel, Switzerland, 2Ecole Supérieure d’Agronomie, Université de Lomé, Togo, 
3Division du Contrôle Vétérinaire – Savanes, Togo, 4Centre Suisse de Recherches Scientifiques en Côte 
d’Ivoire, Cote d Ivoire; anna.dean@unibas.ch

Brucellosis is one of the most common zoonoses, with a major health and economic impact. Q fever, also a 
bacterial zoonosis, is of unknown global public health importance. The epidemiology of these diseases has 
never been described in Togo, nor in most West African countries. Using a One Health approach, human 
and livestock sera were collected in June 2011 in rural, northern Togo by multi-stage, cluster random 
sampling. Brucellosis: All animal sera were tested by ELISA and Rose Bengal agglutination test (RBT), 
with the Complement Fixation Test in cases of disagreement. All human samples were tested by ELISA and 
RBT. Q Fever: Randomly selected sub-samples of animal and human sera were tested by ELISA. Sera were 
obtained from 601 cattle, 692 sheep/goats, and 683 people from 25 villages. Brucellosis seroprevalences 
were 9.2% (95%CI: 4.7-18.6%) in cattle, 0% in small ruminants, <1% in people. Q fever seroprevalences 
were 16.1% (95%CI: 11.8-21.5) in cattle (n=243), 16.2% (95%CI: 11.1-23.0%) in sheep (n=207), 8.8% 
(95%CI: 4.3-16.9%) in goats (n=201), 38.9% (95%CI: 33.2-44.8%) in people (n=304). There were no 
associations between human seropositivity and contact with livestock, drinking unpasteurised milk, or 
general health. Most African brucellosis data were collected in northern countries, where B. melitensis 
is the predominant circulating species. In contrast, the serological picture in northern Togo suggests B. 
abortus. Vaginal swabs are currently being collected from recently aborting cows for culture. If successful, 
this would be the first reported isolation of Brucella from Togo. Exposure to Q fever is common, but the 
significance is not yet known. The indirect fluorescent antibody test is being performed on the human Q 
fever sub-sample to verify ELISA results.

Prevalence of Salmonella isolated from water used in retail goat meat shop of Kathmandu valley and 
Rupandehi district
Adhikair, B., Triveni Feed Industry Pvt. Ltd. Putalisadak, Kathmandu, Nepal; vetbishnu_tfeed@yahoo.com

To know the prevalence of Salmonella spp. isolated from water used in retail goat meat shop of Kathmandu 
Valley and Rupandehi district. Design: Cross-sectional study Samples: 200 retail meat shops (100 from each 
site) were randomly selected. Each sample was cultured on Nutrient agar, MacConkey’s agar and BGA and 
incubated at 37C for 24 hrs. Pale colonies on Mac Conkey’s agar and Pink on BGA were stored in nutrient 
broth containing 20% glycerine after Gram’s staining for confirmation by biochemical tests. Biochemical 
reactions of Salmonella in TSI, MIO, Simmon’s citrate agar, MR-VP, along with catalase, oxidase, KOH 
tests were used for identification of Salmonell spp. Total plate count were performed to know the bacterial 
load in water. Out of 100 samples of each site, 96 and 66 water samples of Kathmandu Valley and Rupandehi 
district respectively were positive for one or more bacteria. The prevalence of Salmonella spp. in Kathmandu 
Valley and Rupandehi district were 18% and 11% respectively. In Kathmandu Valley 15.21% of tap water 
and 26.82% of tube well samples were positive for Salmonella whereas 8.04%, 25% and 40% of tap water, 
tube well and river water samples respectively were positive for Salmonella in Rupandehi district. Water jar 
and tanker water samples of both places aware free from Salmonella organism. Total plate count revealed 
94% and 64% water samples of Kathmandu Valley and Rupandehi district respectively exceeded the WHO 
guideline value (<10 cfu/ml drinking water). It can be concluded that there is greater chance of human 
Salmonellosis and other bacterial infection through meat contaminated by dirty water. Hence appropriate 
water sanitizer should be used to reduce the human zoonosis.
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Prerequisites for HACCP in poultry processing in Maputo, Mozambique
Dos Muchangos, A.C.1, Mccrindle, C.M.E.1, Matusse, H.2 and Makita, K.3, 1University of Pretoria, South 
Africa, 2Directorate of Animal Science, Mozambique, 3International Livestock Research Institute, Kenya; 
controlodn@yahoo.com.br

Poultry is a major component of the diet and a valuable and affordable source of protein for all levels of 
society. It is unknown whether poultry meat consumption contributes to diarrheal diseases, an important 
cause of mortalities. This study used participatory risk analysis to investigate the value chains for poultry 
processing in Maputo, indicating possible stages at which there was a risk of microbiological hazards that 
could influence safety of the final product. The method included semi structured interviews, various focus 
group discussions and observation of poultry processing in both formal abattoirs and informal slaughter 
(farms and live bird markets). The magnitude of the risk of microbiological hazards was estimated using 
laboratory analysis, specifically 3M™ Petrifilm™ Plates for E coli Type I, Coliforms and plate count 
as indicators of contamination to assess the compliance with GHP and GMP, relevant pre-requisites for 
HACCP. 330 samples of poultry carcass were randomly collected from abattoirs, live bird markets and 
farms. The contamination rate with E. coli Type I was significantly higher in markets (63%) than abattoirs 
(39%) and farms (40%). Suggesting a higher likelihood of risk in poultry meat from live bird markets than 
those from the abattoir or direct from the farm. All three value chains were, however, contaminated with 
the faecal derived organism, which has the potential to cause food born disease in consumers. Prerequisites 
such as lack of processing infrastructure, inadequate waste management and poor hygiene were observed 
in markets. In the formal abattoir, disinfection of surface and utensils, ablutions or hand disinfection and 
chilling system was found to be inadequate. A hygiene assessment system is proposed with a focus on those 
CCPs suggested by the research and participatory risk communication strategy has been developed for all 
those involved in the poultry chain to improve hygiene and safety of poultry meat.

 Transport-associated fomites: estimation of the potential risk for African swine fever introduction 
into European Union
Mur, L., Martínez-López, B. and Sánchez-Vizcaíno, J.M., Complutense University of Madrid, Veterinary 
School, VISAVET Center and Animal Health Department, Spain; lina@sanidadanimal.info

The spread of African swine fever (ASF) without control in Russian Federation (RF) has increased the 
concerns about the potential introduction of ASF into EU. As imports of pigs and their products are banned 
since the notification of ASF in RF, the role of illegal imports, fomites or wild boars are of chief importance 
for potential ASF introduction. The study here was aimed to estimate the relative risk for ASF introduction 
into the EU through three transport-associated fomites (TAF) which were classified as (1) livestock trucks 
returning from affected areas; (2) waste from boats; and (3) waste from planes. A novel semi-quantitative 
model based on a knowledge driven approach was used for this purpose. Several parameters were selected 
as proxies for each pathway and standardized into six risk categories. The weighted combination of these 
proxies, which weights were obtained in an expert opinion elicitation, produced a final estimator for each 
TAF pathway and for each EU country. An extensive sensitivity analysis was performed to evaluate the 
impact that changes on those weights have in the model outcome. Results of the model indicate that the 
overall risk for ASF introduction through TAF pathways in EU is low, although some countries concentrate 
high levels of risk, being the returning trucks the TAF that posed the highest risk. The countries at highest 
risk in each TAF pathway were Poland and Lithuania for returning trucks, Denmark and Spain for waste 
form boats and, Germany, UK and France for waste from planes. The model proposed here provides simple 
and easy to interpret results allowing the identification of the most critical TAF for each country and the 
countries that concentrate the highest relative risk for ASF introduction. Methods presented are particularly 
useful when data is scarce and may be useful for developing target surveillance strategies to reduce the risk 
of ASF introduction into EU.
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True seroprevalence of Coxiella burnetii in sheep at Ksar Boukhari region (Algeria)
Rahal, K.;, Khaled, H., Dahmani, A. and Bouyoucef, A., Blida University, Veterinary sciences, Algeria; 
rahal@univ-blida.dz

Q fever is a zoonotic disease caused by an intracellular bacterium Coxiella burnetii and is shed mainly by 
domestic animals like sheep and goats. Despite of it’s worldwide endemic situation, the prevalence has not 
yet been studied in Algeria. That the reason why a seroprevalence survey of C. burnetii infection has been 
conducted in the area of Ksar Bukhari (highlands located 150 km south of Algiers) on randomly 18/250 
villages, corresponding to 97 sedentary mixed herds sheep / goats. 144 sera samples from unvaccinated 
young sheep were collected and tested for the detection of antibodies against Coxiella, by a 0.88 sensitive and 
0.99 specific test, the indirect ELISA CoxLS, with a cut-off value OD>0,4. Among the results, considered 
representative of the region and relatively accurate for attended prevalence value, 10 villages (68 herds) were 
tested positive to Coxiella, with a true prevalence rate (60±24)% at herd level and (19±06)% at individual 
level. These results clearly confirm the recent and wide distribution of C. burnetii over Ksar boukhari region, 
which is the crossroad of many transhumant flocks. The level of prevalence is discussed in comparison with 
the prevalence in neighbouring Maghreban countries.

Key messages from the Safe food Fair food project: food safety in informally marketed livestock 
products in sub Saharan Africa
Makita, K.1,2, Kang’ethe, E.3, Zewde, G.4, Kurwijila, L.5, Matusse, H.6, Mccrindle, C.7, Tano-Debrah, 
K.8, Bonfoh, B.9, Costard, S.10 and Grace, D.1, 1International Livestock Research Institute (ILRI), Kenya, 
2Rakuno Gakuen University, Japan, 3University of Nairobi, Kenya, 4Addis Ababa University, Ethiopia, 
5Sokoine University of Agriculture, Tanzania, 6Directorate of Animal Science, Mozambique, 7University of 
Pretoria, South Africa, 8University of Ghana, Ghana, 9Centre Suisse de Recherches Scientifiques en Côte 
d’Ivoire, Cote d Ivoire, 10Royal Veterinary College, United Kingdom; kmakita@rakuno.ac.jp

In sub Saharan Africa (SSA), 85 to 90% of livestock products are distributed through informal marketing 
systems which are not always effectively regulated by state services. Food borne diseases (FBD) are 
potentially serious public health problems but rigorous implementation of food safety measures is difficult 
due to the limited resources and adverse effects on the livelihoods of actors along value chains. The Safe 
Food Fair Food project funded by Germany was conducted in 8 SSA countries between 2008 and 2011 to 
develop capacity in participatory risk assessment to improve food safety while enhancing market access 
by smallholder farmers. The main activities were food safety country situation analyses, participatory risk 
assessments and national stakeholder workshops. In total, 21 risk assessment studies were conducted for a 
variety of livestock products and hazards. Key messages from the project included (1) the realized importance 
of informal food chains in African economy; (2) risks were less serious than previously perceived; (3) 
participatory methods were found useful in risk assessment in resource poor SSA countries; and (4) necessity 
for trans-disciplinary research and action along value chain. In the next phase starting shortly, Safe food Fair 
food II, involvement of decision makers, integration of multiple-pathogens and socio-economics into risk 
assessment are hoped to make important changes in addressing food safety issues in sub Saharan Africa.

Poster topic 07 Poster 8

Poster topic 07 Poster 7



338 ISVEE – Book of Abstracts 2012

Identification of influenza virus circulation in backyard poultry and swine in the central zone of Chile
Hamilton-West, C., Di Pillo, F., Ruiz, S., Rivera, D., Hidalgo, H. and Urcelay, S., Faculty of Veterinary 
Science, University of Chile, Department of Preventive Veterinary Medicine, Chile; 
christopher.hamilton@veterinaria.uchile.cl

Influenza virus (IV) infection is considered a threat for both public and animal health worldwide. Influenza 
pandemics usually occur after periodic exchanges of genes among the viruses of humans, pigs, and wild 
and domestic birds. Pandemic influenza virus H1N1 2009 caused the first pandemic of the XXI century 
(its genetic composition indicates that the virus is a quadruple reassortant, with gene segments from 
human, swine and avian IV). IV that affects animal species can cross the species barrier, causing disease 
in humans. For instance, the H5N1 highly pathogenic avian influenza epidemic is still considered a threat 
to the public health, causing hundreds of deaths in humans since its inception in Asia in 2003. The Chilean 
poultry and swine sectors had improved their production and quality standards by the early 1990s; however, 
other kinds of animal production exist. Backyard productive systems (BPS) also breed swine and poultry, 
being recognized as an important component of small farmers’ livelihoods. BPS have been generalized 
as production units having severe biosecurity deficiencies, the animals and their by-products are usually 
consumed by their owners, sold locally and used as gifts. It has been proposed that pigs can act as mixing 
vessels and play a key role in the reassortment of human, swine and avian IV. In this context, BPS could play 
a major role, because its management conditions facilitate the interaction among poultry, pigs and humans, 
which may result in the emergence of new strains of IV. This research is going to identify IVs circulating 
in BPS in the central zone of Chile, using the ELISA test, and will evaluate the risk factors associated with 
the IV circulation, based on the BPSs biosecurity, management and trade conditions. Results from activities 
performed between March and May 2012 will be presented.

Quantitative assessment of the risk of acquiring campylobacteriosis from consumption of ready-to-eat 
beef in Arusha municipality, Tanzania
Mahundi, E.1, Makita, K.2,3, Toyomaki, H.2, Grace, D.3 and Kurwijila, L.4, 1Tanzania Food and Drugs 
Authority, Tanzania, 2Rakuno Gakuen University, Japan, 3International Livestock Research Institute (ILRI), 
Kenya, 4Sokoine University of Agriculture, Tanzania; mahundieabc@yahoo.com

Worldwide, thermophilic Campylobacter is one of the most important causes of food borne illness. We 
carried out a risk assessment for campylobacteriosis acquired through consumption of ready-to-eat beef in 
Arusha, Tanzania. Between January and March 2010, 18 beer bars serving ready to eat beef were surveyed: 
45 roast beef (nyamachoma in Swahili language) and 42 skewer beef (mishikaki) were collected and 
cultured for thermophilic Campylobacter. The number of customers and average sales per day were also 
assessed. A second survey was conducted in September 2010 to obtain the most probable number (MPN) 
of thermophilic Campylobacter and 30 roast beef and 10 roast chicken samples were examined. A risk 
model was developed based on public and survey data and dose-response relationship was modeled using 
medical records obtained from a separate study and literature. Monte Carlo simulation was run for 5,000 
iterations and sensitivity analysis was run for 500 iterations. Bayesian inference from two surveys showed 
that the contamination rates of nyamachoma and mishikaki were 7.7% (90%CI: 4.3%-11.8%) and 34.7% 
(90%CI: 21.3%-49.1%) respectively. The MPN was 0.37 (95%CI: 0.07-1.0). Every day, 1.4% (90% CI: 
0.8-2.3%) of customers consuming either nyamachoma or mishikaki in pubs in Arusha was estimated to 
develop campylobacteriosis. The annual incidence was 248 (95%CI: 127-406) per 1000 people among 
whole population of Arusha Municipality and one forth of people was estimated to become sick once a year. 
The most sensitive factors were contamination rate of ready-to-eat beef and the MPN. From observation, 
beef was well roasted and the high prevalence could be due to post-roast contamination. Hygiene training 
focused on such contamination could reduce the incidence greatly.
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Human rabies mortality estimation in rabies endemic southern Bhutan
Tenzin, T.1,2, Ward, M.2 and Dhand, N.2, 1Regional Livestock Development Centre, Wangdue, Bhutan, 
2Faculty of Veterinary Science, University of Sydney, Australia; tenzin.tenzin@yahoo.co.uk

We estimated the human rabies deaths in two rabies endemic areas of southern Bhutan and compared the 
estimates to the reported data using decision tree analysis. The anatomical distribution of dog bite in humans 
and the probability of developing rabies were used to estimate the human rabies deaths using a decision tree 
model. This model consists of 10 probability steps (P1 to P10). P1 is the rabies recognition probability in 
dogs, and the P2 to P5 is the distribution of bites on various body parts: head (P2); arms (P3), trunk (P4) and 
legs (P5). P6 to P9 are the probabilities of developing rabies following dog bite to the head (P6), arms (P7), 
trunk (P8) and legs (P9) (a). P10 is the probability of receiving post-exposure prophylaxis (PEP) following 
bite from a suspected rabid dog. The probability of death (Pdeath) = P1 × ([P2×P6] + [P3×P7] + [P4×P8] 
+ [P5×P9]) × (1−P10). Then the total number of deaths per year = (I × Q × Pdeath ÷ 100 000), where I is 
the incidence of suspected rabid dog bite per 100,000 people/year; Q is the total population at-risk. The 
mean annual number of reported human rabies deaths in the two rabies endemic areas of southern Bhutan 
were 1.5 (95% CI 0.75-3.00), equivalent to an annual incidence of 3.14 (95% CI 1.57-6.29) deaths/100,000 
people. The decision tree model predicted 2.23 (95% CI 1.20-3.59) deaths/year, equivalent to an annual 
incidence of 4.67 (95% CI 2.53-7.53) deaths/100,000 people, indicating that no serious under-reporting 
of rabies exists in Bhutan. In the absence of PEP, 19.24 (95% CI: 13.69-25.14) deaths/year was predicted, 
equivalent to an annual incidence of 40.31 (95% CI 28.70-52.68) deaths/100,000.

Evaluation of prevention, surveillance and control activities for priority zoonoses in Chile, under the 
‘One health’ approach
Terrada, P., Urcelay, S., Lapierre, L. and Hamilton-West, C., Faculty of Veterinary Science, University of 
Chile, Department of Preventive Veterinary Medicine, Chile; christopher.hamilton@veterinaria.uchile.cl

The interconnection among humans, domestic and wild animals, and the environment, coupled with elements 
such as the human population expansion, globalization and climate change, create conditions for disease (re) 
emergence. Humans and animals usually share resources and environment, but also many pathogens can be 
transmitted between them (zoonoses). The OIE recognizes the ‘One Health’ approach as a collaborative and 
all-encompassing way to address animal and public health, and promotes its use at the national level to get 
a more engaged and sustainable political support for the coordinated prevention of high public and animal 
health impact diseases at the human-animal interface. In Chile, human health and animal health authorities 
depend on different Ministries. As an example, during the period of 2000 to 2010, 566 human cases of 
hantavirus were reported, but there is a lack of data to assess the prevalence of hantavirus in wild rodents, 
the virus reservoir, during the same time period. This situation suggests that activities focused on priority 
diseases differ when they are related to human or animal health. The aim of this study was to assess, under 
the ‘One health’ approach, prevention, surveillance and control activities, for priority zoonoses in Chile, 
through multidimensional scaling analysis. Results of this study show differences in the efforts performed 
for prevention, surveillance and control activities, depending on whether the effort was intended to address 
human, domestic animals or wild animal health, demonstrating that policies for priority diseases were 
different for the public health and animal health authorities. Also, noted in this study was the absence of 
official activities focused on wild animals. These results suggest that policies for priority zoonotic diseases 
in Chile, do not yet follow the ‘One Health’ approach.
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A cost benefit analysis for Salmonella in British pigs: a risk assessment approach
Hill, A.A. and Simons, R.R.L., Animal Health and Veterinary Laboratories Agency, Epidemiology and Risk 
group, United Kingdom; andrew.hill@ahvla.gsi.gov.uk

The EC has initiated the setting of targets for Salmonella in pigs at the Member State (MS) level. Each 
MS will have to produce a National Control Plan (NCP) to indicate how it will achieve the prescribed 
target. Two recently completed Cost-Benefit Analyses (CBAs) for control of Salmonella in breeding and 
finishing pigs within the EU indicated that there was no positive cost-benefit for on-farm interventions 
for the EU as a whole. However, in certain intervention scenarios, the opposite was shown for the UK as 
an individual MS. We have modified and parameterised a risk assessment model for Salmonella in pigs 
(originally developed for EFSA) in order to run several intervention and sampling scheme scenarios which 
would inform the development of the UK NCP for Salmonella in pigs. To inform the NCP further, we also 
conducted a preliminary UK CBA for both on-farm and abattoir interventions for Salmonella in pigs, using 
data from the updated risk assessment model and various published and industry sources. Anal bunging 
achieved the highest effectiveness of any intervention investigated and was also the cheapest. Therefore it 
also had the most advantageous cost-benefit ratio, but even this intervention meant that the there was more 
money spent on intervention than was saved in human illness costs. A carcass swab target would be likely 
to reflect a change in lymph node prevalence as prescribed by the EU, but also allows MSs to use abattoir 
as well as on-farm interventions to achieve their targets.

The Belgian animal health barometer: an instrument to measure livestock population health on a 
yearly basis
Van Huffel, X.1, Depoorter, P.1, Diricks, H.1, Dewulf, J.2 and Uyttendaele, M.3, 1Belgian Food Safety Agency 
(FASFC), DG Control Policy, Belgium, 2Ghent University, Faculty of Veterinary Medicine, Belgium, 3Ghent 
University, Faculty of Bioscience Engineering, Belgium; xavier.vanhuffel@favv.be

The Scientific Committee of the Belgian Food Safety Agency (FASFC) developed three barometers to 
measure the safety of the food chain in Belgium on a yearly basis: a food safety barometer, an animal health 
barometer, and a plant health (phytosanitary situation) barometer. The animal health barometer consists 
of a set of 13, carefully selected, indicators measuring different aspects of the general health of the animal 
population including: the primary animal production chain, the various species, process controls and a 
preventive approach (self-checking/mandatory notification/traceability). A weight was attributed to each 
indicator after consultation of the stakeholders of the food chain. The status of animal health was represented 
in a relative manner by comparing results of the current year versus the previous year. Data from 2007 till 
2011 have been analysed. In the presentation more information will be given about each indicator, about 
the concept and about the general evolution of animal health since 2007 in Belgium. The animal health 
barometer is a practical instrument giving an indication of the evolution of the general health status of 
lifestock in a country. The barometer could be used for benchmarking countries or regions provided that 
data are available.
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A retrospective survey of hydatidosis in slaughtered animals in 22 slaughterhouses in Tehran province 
capital of Iran 2009-2011
Mohammadkhan, F., Khanjari, A., Bokaie, S., Sheikhlar, M., Khosravi, P. and Nouri, H., university of Tehran, 
food hygiene, Iran; mohammadkhanf@ut.ac.ir

Hydatidosis is a zoonotic disease that also cause considerable economic losses all over the world. Cystic 
hydatid disease is considered endemic in Middle East region and is common in all herbivorous animals in 
Iran. We survey the annual prevalence of hydatid Cyst in slaughtered animal and its trend for 2 years. This 
retrospective survey covering a period of 2-year from 21 march 2009 to 21 march 2011. Condemnation 
records for cattle and sheep slaughtered in 22 industrial abattoirs in the Tehran province, capital of Iran, were 
used as the source data to determine the prevalence rate of liver and lung condemnations due to hydatidosis. 
A total of 526,034 cattle and 2,833,142 sheep were slaughtered in this period, 79,916 (15.19%) livers and 
87,533 (16.64%) lungs of cattle were condemned whereas 273,138 (9.64%) livers and 322,627 (11.38%) 
lungs of sheep were condemned. Hydatidosis was responsible for more than 19.52% of liver condemnation 
and 30.53% of lung condemnations in cattle and sheep. The prevalence of liver and lung condemnations 
due to hydatidosis was increased from 1.70% to 2.01% and from 2.80% to 4.02% for sheep respectively 
whereas this prevalence was increased from 3.28% to 3.40% and increased from 5.58% to 6.50% in liver 
and lung of cattle respectively during 2009-2011. Our data indicated that 3.32% of livers and 6.00% of lungs 
in cattle and 1.81% of livers and 3.30% of lungs in sheep were infected with hydatid cyst. High prevalence 
of hydatidosis in Iran can be a result of conventionally slaughtering in sheep and goat and easily available 
carcass wastes and offals for scavenging stary dogs and other wild carnivores and close relation between 
shepherd dog and sheep and goat.

a risked-based evaluation of the Sudanese standard and regulation for importation of chicks
Berier, A.A., University of Khartoum, preventive medicine and veterinary public health, Sudan; 
berier@yahoo.com

Based on the OIE standards, this study was aimed to assess the quality of the Sudanese standard, and the 
sanitary measures in place for the importation of chicks via the Khartoum international airport. For this 
purpose, a risk assessment was used as described in chapter 2 of the OIE terrestrial animal health code-
2009. Data were collected from the Federal Ministry of Animal Resources and Fisheries FMARF, the 
Sudanese Standards and Metrology Organization SSMO and from the World Animal Health Organization 
OIE. The results showed that total of (11,241,209) day-old chicks, were imported into the Sudan during the 
period 2005-2009 from 10 countries, which may comprise potential risk of introducing Highly Pathogenic 
Avian Influenza HPAI and many other diseases into the country. In viewing the poultry health status in the 
exporting counties, the HPAI is endemic in Egypt, which represented the main exporting country of day old 
chicks in 2005. In 2006 about 18.3% (out of 235,626 susceptible population) were infected with HPAI and 
43.2% were destroyed for the same reason. Moreover, the Sudanese standard of importation of chicks had 
not been set according to risk estimations recommended by the OIE standards, and the sanitary measures 
in place were less stringent to achieve the appropriate level of protection. Therefore, a multidisciplinary 
scientific risk analysis following OIE standards are recommended for the importation procedures and setting 
the Sudanese standards.

Poster topic 07 Poster 16

Poster topic 07 Poster 15



342 ISVEE – Book of Abstracts 2012

Framework to evaluate the cost-effectiveness of rabies control on Flores Island, Indonesia
Wera, E.1,2, Velthuis, A.G.J.1 and Hogeveen, H.1,3, 1Wageningen University, Business Economics, 
Netherlands, 2 Kupang State Agriculture Polytechnic, Animal Health Study Program, Indonesia, 3 Faculty 
of Veterinary Medicine, Utrecht University, Department of Farm Animal Health, Netherlands; 
ewaldus.wera@wur.nl

Rabies is a zoonotic disease caused by the rabies virus. Because of the human losses on the island of Flores 
(Indonesia) and the associated economic consequences because of expensive post exposure treatment, since 
2001 different control programs have been applied to control this virus. The programs included different 
measures: (1) applying mass vaccination in the dog population, (2) culling stray dogs, (3) sterilizing dogs, 
(4) putting imported dogs in quarantine, and (5) applying post exposure treatment in human. Unfortunately, 
the cost-effectiveness of these programs is yet unknown. Therefore, the objective of this paper is to present 
a framework to evaluate the cost-effectiveness of various rabies control programs on Flores Island. The 
framework consist of 5 parts: (1) effectiveness; and (2) costs of programs in dogs; (3) effectiveness; and (4) 
costs of programs in humans; and (5) cost-effectiveness of programs in dogs and humans. Effectiveness of 
programs in dogs is defined as how effective the programs in reducing of number of rabies infected dogs. 
Effectiveness for the human population is defined as the number of (disability adjusted life years) DALYs 
prevented. This effectiveness depends strongly on the rabies control in dogs and on the right application post 
exposure treatment (PET) in humans. The costs of the programs both in dogs and humans will be calculated 
using a cost-benefit approach. The most preferable programs are those that show the lowest net cost for 
one DALY saved. Although we apply this framework on control of rabies on Flores island, it provides an 
approach that can be used for a wide range of zoonotic infectious diseases.

The efficacy and effectiveness of Q fever vaccines in high-risk groups: a systematic review and meta-
analysis
Oneill, T.J., Sargeant, J.M. and Poljak, Z., University of Guelph, Centre for Public Health & Zoonoses, and 
Population Medicine, Canada; toneill@uoguelph.ca

Q fever causes significant morbidity in high-risk, occupationally exposed groups including veterinarians. 
Vaccination is recommended as effective means of preventing clinical disease. To assess the available 
evidence and derive a pooled estimate of vaccine efficacy (VE), a research synthesis approach, including 
comprehensive and replicable scoping study, systematic review and meta-analysis was undertaken. Primary 
research of VE of whole-cell and acellular vaccines to prevent clinical Q fever in exposed high-risk 
individuals was identified, appraised, summarized or synthesized when appropriate. Sixteen electronic 
databases and grey literature were searched for potentially relevant publications. Abstract-level initial 
classification relevance screening, full-paper primary and secondary review, data extraction and assessment 
of study risk of bias (RoB), were performed by two independent reviewers on included control trials (CT) 
and cohort studies (CS). From twenty-four potentially relevant publications, eighteen were excluded because 
non-relevant vaccine strains (n=2), lack of comparison groups (n=15) or non-relevant outcomes (n=2) 
were reported. As our aim was to assess the public health and clinical vaccine effect, studies only reporting 
antibody or T-cell assays were excluded. Clinical cases in abattoir employees, shearers, and farmers were 
extracted from CT (n=1) and CS (n=5). Risk ratios were calculated from published raw data and varied 
according to study design, case definition, and length of follow-up. A fixed-effect meta-analysis of pooled 
RR resulted in an overall whole-cell Henzerling phase I VE of 90% (95%CI:82-94%). Assessment of 
heterogeneity will be conducted. RoB revealed unclear to high risk of bias across most design categories. 
Available evidence of Q fever VE in high-risk groups needs to be interpreted with caution due to the low 
number of studies and observations, and limited methodological reporting that could potentially bias the 
outcome.
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Dispersal of animal products and waste from traditional abattoirs in the Far North region of Cameroon
Afnabi, A.B.1, Garabed, R.2, Moritz, M.3, Agnem, E.C.1, Essia Ngang, J.J.4 and Alambedji, R.B.5, 
1University of Ngaoundere, School of Veterinary Medicine and Sciences, Cameroon, 2Ohio State University, 
Veterinary Preventive Medicine, USA, 3Ohio State University, Anthropology, USA, 4University of Yaounde 
I, Biochemistry, Cameroon, 5Cheikh Anta Diop University, Inter-States School of Sciences and Veterinary 
Medicine, Senegal; bakariafnabi@yahoo.fr

A study was undertaken in the Far North region of Cameroon to describe the factors which could contribute 
to dispersal of pathogens for both animals and people through traditional abattoirs. Eight traditional abattoirs 
(Maroua municipal, Kongola Djidéo, Kongola Djolao, Makabai, Mbalmaré, Kousséri and Yagoua) located 
in three area cities were selected to lead the first, descriptive, phase. In this phase the possible exits of 
contaminated agents were identified. The categories of agents were men who attended the abattoir, animal 
products (meat, skins, meat offal, etc), waste water and animals in lairage prior to slaughtering. Maroua 
municipal and Yagoua were selected for the second, analytical, phase of this study. To this end a questionnaire 
was administered to those present at the slaughterhouses. In addition, GPS was used to follow circulation 
of products, waste water and animals in lairage (which includes grazing) prior to slaughtering. On average 
28.5%, 14.5% and 18.0% respectively of butchers, workmen and others at Maroua abattoir kept ruminants, 
while in Yagoua the results were respectively 75.0%, 46.5% and 67.4%.The meats coming from Maroua’s 
abattoir were followed on twelve routes. Times between leaving the abattoir and sale points varied from 4 to 
15 min with more half of the ways including contact with at least 5 ruminants, which is a potential route for 
transmission of diseases like foot-and-mouth disease. In Maroua in the rainy season the waste water spread 
into the pastures, while in Yagoua they were poured in the Danay River, site of watering for many animals.

Prevalence of Salmonella on commercial layer farms in Barbados, 2009-2010
Aimey, V.P.1, Hernandez, J.A.2, Hunte, K.D.1, Whitehall, P.J.1, Sanford, B.L.1, St. John, V.S.1, Delgado, 
A.3, Shaw, J.4, Lefrancois, T.5 and Trotman, M.1, 1Ministry of Agriculture, Veterinary Services, Barbados, 
2University of Florida, Department of Large Animal Clinical Sciences, College of Veterinary Medicine, 
USA, 3Inter-American Institute for Cooperation on Agriculture, Costa Rica, 4USDA-APHIS-IS, Dominican 
Republic, 5CIRAD, Guadeloupe; vaimey26@hotmail.com

During January-March 2009, an outbreak of Salmonella was detected in four commercial layer farms in 
Barbados. During the outbreak, a total of 511 layers died, and 3,257 layers were voluntarily culled from 
one affected farm. Salmonella Enteritidis was identified in avian tissues (ovaries, liver, uterus), and egg 
samples submitted to the Ministry of Agriculture, Food, Fisheries, Industry and Small Business Development 
(MAFFI) Veterinary Services (VS) Laboratory by managers of the affected farms. As a result of this 
outbreak, MAFFI VS conducted a survey to investigate the prevalence of Salmonella on commercial layer 
farms in Barbados. In addition, the relationships between farm-level exposure factors and diagnosis of 
Salmonella were examined. This paper describes the results of this survey.
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Adding Bayesian disease mapping and co-factor analysis to the PAZ project in the Lake Victoria 
Crest, Kenya
Dopfer, D.1, Amene, E.1, Doble, L.2, De Glanville, W.2 and Fevre, E.M.2, 1UW-Madison, Food Animal 
Production Medicine, USA, 2University of Edingbourgh, Centre for Immunity, Infection and Evolution, 
United Kingdom; dopferd@vetmed.wisc.edu

The PAZ Project (People, Animals and their Zoonosis lead by E. Fevre, http://www.zoonotic-diseases.org/
home/Research/paz, funded by the Wellcome Trust) and its consecutive projects utilize innovative cross-
disciplinary data analysis derived from Numerical Ecology to map, prioritize and deliver interventions 
against infectious zoonotic diseases in people and their domestic animals. The interventions will be tailored 
to the risk-driven needs of spatio-temporal clusters. The PAZ Project is undertaking a community based 
cross sectional survey of humans and their livestock in a mixed crop-livestock farming system in the 
Lake Victoria Crescent in East Africa. Comprehensive economic, social and disease – including HIV, 
Malaria, Bovine Tuberculosis, blood and GI parasites – data are collected at the household and individual 
animal and human level together with prevalence data of six neglected zoonoses. Diseases do not exist in 
isolation. Ignoring interactions between multiple diseases, co-factors and reservoir species, results in the 
misinterpretation of infection pressures and miscalculation of effects of interventions. Therefore, designing 
intervention packages that are specifically targeted to clusters of disease and their co-factors, ensures that 
the interventions are relevant, targeted and cost-effective. The data from the PAZ Project will be analyzed 
using (1) Principal Component Analysis (PCA); (2) Cluster Analysis (CA); and finally (3) Bayesian Disease 
Mapping (BDM) methods. The proposed oral presentation will describe the project and strategic plans for 
and the preliminary outcomes of the data analysis.

Small landholders: risks to national biosecurity?
Martin, P.A.J.1, Hernández-Jover, M.2, Pitt, D.3, Kung, N.3 and Mackenzie, S.3, 1Department of Agriculture 
and Food WA, Australia, 2University of Sydney, Australia, 3Biosecurity Queensland, Australia; 
tony.paj.martin@gmail.com

It is generally thought that small landholders pose risks to Australian animal biosecurity, through ignorance 
and poor biosecurity practices. The nature and magnitude of such risks have not previously been defined 
or evaluated, however. We set out to identify and assess some of these risks, and in so doing to provide 
information which might inform decisions concerning deployment of biosecurity effort within Australia, in 
particular in the prevention and management of exotic animal disease incursions. It is evident that owners 
of small numbers of livestock do indeed pose risks, but are they significant relative to the overall levels of 
risk? In this project we compared risks to Australian livestock biosecurity associated with small landholders 
with those associated with commercial livestock producers. We conducted 7 separate risk assessments, 
covering different livestock species (cattle, pigs, poultry, bees, meat-producing species), geographic regions, 
and hazards (exotic diseases: screw worm fly, foot and mouth disease, virulent Newcastle disease, avian 
influenza, Varroa destructor; also chemical residues). Methods were quantitative or semi-quantitative, using 
stochastic models of relevant pathways, and covered the exposure and consequence likelihood assessments 
of the OIE’s Import Risk Analysis framework. Step probabilities in exposure and spread pathways were 
estimated using surveys of producers, or in one case, a formal expert opinion elicitation process. Criteria 
for categorising producers as ‘small’ or ‘large’ varied among assessments, as did the specific findings. 
Overall we concluded that the practices and locations of small landholders render them more likely than 
commercial producers to expose their animals to hazards. However, the trading practices of commercial 
producers, together with their much greater stock numbers, mean that most of the risk for establishment 
and spread of hazards is associated with commercial producers.
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Risk assessment scenarios to understand the persistence of Rift Valley fever in Comoros (Indian 
Ocean)
Etter, E.M.C.1, Olive, M.M.2,3, Roger, M.2,3, Faharoudine, A.4, Halifa, M.5 and Cardinale, E.2,3, 1CIRAD, UR 
AGIRs, Zimbabwe, 2CRVOI La Réunion, France, 3CIRAD, UMR CMAEE, France, 4Ministry of Agriculture, 
Comoros, 5INRAPE, Comoros; eric.etter@cirad.fr

Rift Valley Fever (RVF) is an arbozoonosis identified for the first time in Kenya in the 1930s. In 2000, the 
first apparition of the virus out of Africa was described in the Arabian Peninsula with both animal and human 
cases. Indian Ocean showed animal and human cases in 2008 in Madagascar where the disease was absent 
during 17 years while the same year the same year the first human case was diagnosed in Mayotte from a 
young Comorian. Lots of models described climate drivers of RVF outbreaks. These models failed to predict 
malagasy outbreaks. These recent spreads of the disease are likely to be also linked with animal movements. 
Forecasting outbreaks and managing rapid control of the disease request adapted and more flexible models. 
This study assessed two scenarios of risk in the Comoros Islands and compared the results with some 
surveillance data in order to determine the potential role of the introduction of an exogenous hazard. The 
first scenario explored the endemicity of the disease through insect-borne transmission and developed the 
probability for the disease to be spread throughout the island because of infectious mosquito bites. The 
second scenario developed a model with new legal introduction of cattle from Tanzania and subsequent 
contact and infection of bovines in Comoros (Grande Comores). A quantitative stochastic approach permitted 
to include variability as well as uncertainty in this quantitative risk assessment. Advanced analysis of the 
sensitivity of the models allowed to explore the most probable pathways of transmission and therefore to 
define thresholds to set priorities in the RVF surveillance and the control measures.

Illegal import of meat including bushmeat into Switzerland by private air travel
Falk, H.1, Dürr, S.1, Hauser, R.2, Lörtscher, M.2, Wood, K.3, Tenger, B.3 and Schüpbach-Regula, G.1, 
1Veterinary Public Health Institute, University of Bern, Switzerland, 2Swiss Federal Veterinary Office, 
Switzerland, 3Tengwood Organization, www.tengwood.org, Switzerland; harriet.falk@vetsuisse.unibe.ch

Illegal imports of meat can present substantial risks for public health and for the introduction of exotic 
animal diseases. Studies conducted in different European countries have estimated the volume of meat 
imports including bushmeat from non-EU countries into Europe by private air travel at a few tonnes weekly. 
The objective of this study was to estimate the amount of meat illegally imported into Switzerland by 
private air travel. Because meat from wild animals (bushmeat) has a great potential for the introduction of 
exotic diseases, the amount of illegally imported bushmeat was estimated separately. Data were obtained 
by participating in several intervention exercises at the two international airports of Switzerland where 
meat imports are regularly seized, and by analyzing data on seizures from the last four years. A stochastic 
model with the software @Risk was then applied to estimate the total amount of illegally imported meat. 
A wide array of animal species including domesticated and wild species were imported into Switzerland. 
The total weight of annual meat seizures was estimated at 5,500 kg from which 1.3% was bushmeat. The 
main contributors to illegal meat imports from domestic species were Eastern European countries and for 
bushmeat Western African countries and particularly Cameroon. The total annual inflow of illegal imports 
was estimated by the model to be 1,013 tonnes (95% CI 166-5,494) for meat and 8.6 tonnes (95% CI 0.5-
88.5) for bushmeat, respectively. This study only addressed the entry for illegal meat import via private 
air-travel and did not look into the other channels like air or sea freight or road. To get a broader picture 
of the magnitude of illegal meat imports into Switzerland and to obtain an accurate risk estimate of these 
products for public health, a larger study is recommended which would cover all possible modes of entry.
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Risk assessment for animal by-products associated with slaughter of pigs
Alban, L., Olsen, A.-M. and Jensen, M.K., Danish Agriculture & Food Council, Food Safety & Vet. Issues, 
Denmark; lia@lf.dk

In Denmark, products originating from slaughter of pigs that have passed ante mortem inspection, and 
where carcasses or parts of carcasses are rejected at post mortem are currently categorized as 2 materials 
and hence subjected to pressure sterilisation – a costly procedure. In 2011, new EU regulations came into 
force supporting a risk-based approach to allocation of animal by-products (ABP) into the various categories 
depending on their risk A risk assessment was conducted to assess the risk associated with ABP not intended 
for human consumption. Information was found in Danish slaughterhouse statistics, literature, and from 
contact to experts within pathology and rendering processes. A list of possible hazards was identified. It 
was evaluated whether potential hazards were pig-specific or could cause disease in other animal species 
or humans. It was identified which lesions were found – and how often – in finisher pigs. Next, hazards 
related to lesions found were identified, and difference in risk between carcasses with and without observable 
lesions was assessed. Finally, effect of the present heat treatment was evaluated. Denmark has a unique zoo-
sanitary status and surveillance programmes in place enabling early detection of notifiable diseases. Other 
hazards might be present in live pigs and, hence, on and in carcasses that are accepted for consumption. 
Most of such hazards are swine-specific, but some might result in disease in other animal species or humans. 
Among the latter, most are not food/feed-borne but occupational. The exposure risk associated with parts and 
carcasses that are rejected at post mortem – originating from pigs accepted at ante mortem – seems not to be 
substantially higher than the exposure risk related to products from pigs accepted for human consumption. 
Therefore, such ABP can be allocated to Category 3. At current, main part of ABP of pig origin in Denmark 
is heat-treated. This process was also assessed and showed elimination of any hazards possibly present.

Potential for improvement of biosecurity among cattle and pig farmers
Sahlström, L., Kyyrö, J., Virtanen, T. and Lyytikäinen, T., Finnish Food Safety Authority Evira, Risk 
Assessment Research Unit, Finland; leena.sahlstrom@evira.fi

Biosecurity can prevent disease transmission between farms. With increasing farm size, proper biosecurity 
on farms is even more important. The aim of this survey was to study the level of biosecurity and the potential 
to improve it on Finnish farms. This study was based on a questionnaire regarding the use of biosecurity 
measures and the farmers’ thoughts about improvement of the on-farm-biosecurity. The questionnaire was 
sent to 3,000 cattle and 1000 pig farmers and the response rate was 44%. The questionnaire included several 
different on-farm-biosecurity measures. Some were considered to have higher improvement potential than 
others. Naturally, the majority of improvement potential was recognized on those farms that did not already 
have these measures in use. In general, biosecurity was better implemented on pig farms. The measures 
which were reported to have highest improvement potential were already in use by 33-62% of the pig 
farmers and 12-66% of the cattle farmers. The farmers reported the following biosecurity measures as the 
ones that could be improved on their farm (% of respondents that did not already have the measure in use): 
Pig farmers: (1) control of rodents and birds (45%); (2) a barrier that separates the clean and dirty areas 
(43%); (3) a separate loading area (43%); (4) a carcass collection container outside the stables (41%); (5) 
keeping doors locked (40%). Cattle farmers: (1) use of protective clothing and boots by visitors to the farm 
(46%); (2) control of rodents and birds (44%); (3) keeping doors locked (29%); (4) a barrier that separates 
the clean and dirty areas (28%) The cattle and pig farmers favored partly different biosecurity measures 
based on their improvement potential. Encouraging farmers to improve the biosecurity measures which 
according to the farmers themselves have the highest improvement potential is a reasonable step towards 
an overall increase in biosecurity on the farm level.
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Exposure assessment to cephalosporin resistant E. coli through consumption of broiler meat in 
Belgium
Depoorter, P.1, Persoons, D.2, Uyttendaele, M.2,3, Butaye, P.4, De Zutter, L.2,3, Dierick, K.3,5, Herman, 
L.3,6, Imberechts, H.3,4, Van Huffel, X.1 and Dewulf, J.2,3, 1Federal Agency for the Safety of the Food Chain 
(FASFC), Staff direction for risk assessment, Belgium, 2Ghent University, Belgium, 3Scientific Committee of 
the FASFC, Belgium, 4Veterinary and Agrochemical Research Centre (CODA-CERVA), Belgium, 5Scientific 
Institute of Public Health (IPH), Belgium, 6Institute of Agricultural and Fisheries Research (ILVO), Belgium; 
pieter.depoorter@favv.be

Acquired resistance of Escherichia coli to cephalosporin antimicrobials is a major issue in intensive 
broiler farming. In Belgium, about 36% of the E. coli strains isolated from live broilers are resistant to 
cephalosporins while over 60% of the broilers are carrier of these cephalosporin resistant E. coli (CREC). 
A model aimed at estimating the exposure of the consumer to CREC by consumption of broiler meat was 
developed. This model consists of different modules that simulate the farm to fork chain starting from 
primary production, over slaughter, processing and distribution to storage, preparation and consumption of 
broiler meat. Input data were obtained from the Belgian Food Safety agencies’ annual monitoring plan and 
results from dedicated research programs or surveys. The model estimates that the probability of exposure 
to 1000 cfu of CREC or more upon consumption of a meal containing broiler meat is ca. 1,5%, the majority 
of exposure being caused by cross contamination in the kitchen. The prevalence of CREC (within the total 
number of E. coli) at primary production and the overall contamination of broiler carcasses or broiler 
parts with E. coli are dominant factors in the consumer’s exposure to CREC. The risk of this exposure for 
human health could not be estimated given a lack of understanding of the factors influencing the transfer 
of cephalosporin antimicrobial resistance genes from these E. coli to the human intestinal bacteria and data 
on the further consequences of the presence of CREC on human health.

Sheep production as a link between production sectors in Finland
Virtanen, T., Sahlström, L. and Lyytikäinen, T., Finnish Food Safety Authority Evira, Risk Assessment 
Research Unit, Finland; terhi.virtanen@evira.fi

Sheep production has marginal economic importance in Finland. There were approx. 2,700 sheep flocks in 
2009, but the mean flock size was only 24 ewes. Professional sheep farms (≥100 ewes, n=177), constituted 
49.8% of the total ewe population. Sheep farming may play a role in disease outbreaks if it is frequently 
connected with other production sectors. Joint production of sheep with cattle and pigs was studied through 
the official Finnish animal registry. Altogether about a quarter of the sheep farms also had other animals: 
cattle (21.3%), pigs (1.5%) or cattle and pigs (0.9%). Mixing with other production types was less common 
among professional sheep farms (16%) than on semi-professional (28%) or hobby farms (22%) (Pearson 
χ2=17.019, df=2, P<0.001). Presence of other animals on the farm did not affect sheep flock size. There 
were less cattle and pigs on joint production sheep farms than on pure cattle or pig farms (Mann-Whitney 
U-test, P<0.001 and P<0.001, respectively). Mixing with sheep production seemed to be more common in 
the beef sector (6.4% of beef farms), than in the dairy sector (2.5% of dairy farms) (Pearson χ2=147.564, 
df=1, P<0.001). Beef sector farms which also had sheep production were significantly smaller than pure 
beef sector farms (Mann-Whitney U-test, P<0.001). Joint production farms may act as nodes in several 
production networks. This may increase the threat of spreading diseases, such as bluetongue or foot-and-
mouth disease, between animal production sectors. Finnish sheep production is mixed especially with 
the beef sector. However, a comforting fact is that the beef sector seems to have lower potential to spread 
diseases than the dairy sector and that professional sheep farmers were less frequently connected with cattle 
and pig than other sheep farmers.
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Analysis of african trading partners’ food safety measures effect on beef export outputs
Sansi, J.A.A.1 and Sansi, O.O.2, 1University of ibadan, Veterinary Public Health and Preventive Medicine, 
Nigeria, 2University of ibadan, Agricultural Economics, Nigeria; jesswol2001@yahoo.co.uk

In the past decade the average annual value of African beef export was approximately sixteen million 
dollars. The annual value of the beef export outputs increased hapharzardly leading to an average annual 
downward trend and declined by three percent. A major contributor to this is market access restrictions 
due to strict food safety measures imposed by the European Union and other African trading partners on 
beef exports. A trend analysis was done from time series data of notifications by hazard categories of beef 
export consignments from annual reports of the European Union rapid alert system for food and feed. The 
result shows an average market access restriction imposed on onehundred and fifty four consignments. The 
following hazards contributed about seventy percent to the market access restrictions: potential pathogenic 
microorganisms, bad controls, organoleptic changes, veterinary residues and food additives. In order to 
create sustainable growth of African beef exports, competitive value added beef products should be exported.

Diseases of honey bees: a new challenge for veterinary epidemiology and risk assessment for 
international trade
Pharo, H., Ministry of Agriculture & Forestry, New Zealand; pharoh@maf.govt.nz

The WTO Sanitary and Phytosanitary (SPS) Agreement, which came into force in 1995, represented a 
significant change in philosophy in that trade can now not be prohibited without good reason, such as 
protecting human, animal and plant life or health. Prior to this, countries could – and did – impose barriers to 
imports on sometimes dubious health grounds with the burden being on potential exporters to prove that such 
barriers were not justified. The SPS Agreement now requires that any import restrictions that are imposed 
must be supported by scientific evidence, and be based on a risk assessment or international standard. It is 
impossible for any country, even remote island nations, to isolate itself from all risks of imported pests or 
diseases. Zero risk is unattainable, and a key concept under the SPS Agreement is the acceptable level of 
risk, which member countries must apply consistently in different situations. The World Organisation for 
Animal Health (OIE) is mandated under the SPS Agreement as the international organisation responsible 
for the development of risk-based international standards for safe trade in animals and animal products. The 
OIE has developed a number of standards covering diseases of honey bees. Where international standards do 
not exist, or when a country requires a level of protection that is higher than an existing standard, the import 
conditions chosen must be based on scientific evidence and this entails carrying out a risk assessment. When 
risk assessments are carried out, they must be done properly, following accepted international guidelines to 
ensure transparency. The OIE has developed a standard for carrying out animal disease risk assessments for 
trade of animals and their products, and some OIE member countries have applied this to honey bees. Most 
risk assessments are qualitative. For the majority of honey bee diseases the level of information available 
means that fully quantitative assessments are not possible. The risk assessment process will be outlined, 
using example diseases of honey bees.
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Survey of liver flukes in slaughtered animals in 21 Tehran abattoir of Iran during 2008-2011
Mohammadkhan, F., Akhondzadeh Basti, A., Bokaie, S., Khanjari, A., Mirzapoor, A., Hasanvand, H. and 
Kheyri, R., University of Tehran, Food Hygeine, Iran; mohammadkhanf@ut.ac.ir

Fasciolosis and dicroceliosis are parasitic zoonosis caused by the liver fluke and results in liver disease and 
limits the milk and meat production of infected cattle and sheep worldwide. we survey the annual prevalence 
of dicroceliosis and fasciliosis in slaughtered animal as well as their trends for 2 years. This survey covering 
a period of 2-year from 21 march 2009 to 21 March 2011. Condemnation records for cattle and sheep 
slaughtered in 21 industrial abattoirs in the Tehran province, capital of Iran, were used as the source data 
to determine the prevalence rate of liver condemnations due to liver flukes. A total of 526,034 cattle and 
2,833,142 sheep were slaughtered in this period 79,916 (15.19%) cattle livers and 273,138 (9.64%) of sheep 
livers were condemned. Fasciliosis was responsible for 19.42% and 15.66% of total liver condemnation in 
cattle and sheep, respectively, whereas dicroceliosis was responsible for 32.31% and 41.65%of total liver 
condemnation in cattle and sheep, respectively. The prevalence of liver condemnations due to fasciolosis 
was increased from 2.58% to 3.37% for cattle and increased from 1.33%to 1.75% for sheep. The prevalence 
of liver condemnations due to dicroceliosis was increased from 4.32% and 3.30% in 2008-2009 to 5.59% 
and 5.02% in 2009-2010 for cattle and sheep respectivrly. Dicroceliosis was more prevalent than fasciolosis 
in cattle and sheep.

Toxoplasma gondii infection in Swedish wild boars
Gustafsson, C., Lundén, A., Uggla, A. and Vågsholm, I., Swedish University of Agricultural Sciences, 
Biomedicine and Veterinary Public Health, Sweden; camilla.gustafsson@slu.se

Toxoplasma gondii is a common intracellular protozoan parasite of both animals and humans in Sweden. 
In Europe, approximately half of the infections in humans are estimated being attributed to consumption 
of undercooked meat from infected animals. Moreover, in both 2007 and 2011 T. gondii was ranked by the 
European Food Safety Authority (EFSA) as a significant disease causing agent in Europe, which should be 
monitored in domestic food producing animals as well as in game such as wild boars. The Swedish wild 
boar population has increased dramatically in recent years, with a corresponding increase in consumption 
of wild boar meat. The present study investigates the prevalence of antibodies to T. gondii in Swedish 
wild boars, with a perspective of improving the risk management of T. gondii as a food-borne infection 
from wild boar meat. During 2001-2011, serum samples from hunted wild boars were collected as part 
of a surveillance program for infectious diseases organized by the National Veterinary Institute, Uppsala, 
Sweden. The animals originate from most parts of the country but the majority are from the southern parts 
corresponding to the distribution of wild boars in Sweden. A total of 1209 serum samples will be analysed 
for antibodies to T. gondii by an in-house ELISA. The current prevalence will be calculated and a trend 
analysis will be performed to evaluate changes in prevalence over time. The serum samples are currently 
being analysed, and for that reason no results are presented in this abstract. The results will be presented 
and discussed at the conference.
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Decay of Mycobacterium bovis during cheese ripening
Starikoff, K.R.1, Agunso, C.N.1, Souza, G.O.1, Raimundo, D.C.1, Ferreira Neto, J.S.1, Ferreira, F.1, Amaku, 
M.1, Dias, R.A.1, Gonçalves, V.S.P.2 and Telles, E.O.1, 1Faculdade de Medicina Veterinária e Zootecnia da 
Universidade de São Paulo, VPS, Brazil, 2Faculdade de Agronomia e Medicina Veterinária da Universidade 
de Brasília, Medicina Veterinária, Brazil; evelise@vps.fmvz.usp.br

Brazilian legislation allows the use of raw milk to produce ripened cheeses, when the ripening period is 
over 60 days (at 5 °C or above). However, there is not solid scientific evidence that the ripening process 
inactivates enough amount of Mycobacterium bovis, from the food safety perspective. In addition, there 
is no official methodology for micobacteria counting in food matrix. So, this paper proposes a protocol to 
study the decay curve of M. bovis during cheese ripening. Two batches of parmesan cheese were made with 
pasteurized milk artificially contaminated with a strain of M. bovis isolated from slaughtered cattle in the 
state of São Paulo. The cheese was ripened at 18 °C and analyzed weekly until the 63th day. The samples 
were submitted to quantitative culture for micobacteria. The average of Decimal Reduction Time (D18 °C), 
weighted by uncertainties, was 37.5±5.3 days. This is a preliminar result and we need to run more samples 
to generate more accurated data about this parameter. The Decimal Reduction Time associated with ripening 
step is an important data to input risk assessment models of cheese-born tuberculosis.

Ranking potential disease control measures using MCDA: an example from Salmonella control in 
Canadian pork production
Parker, S.1, Fazil, A.2, Rajic, A.1 and Mcewen, S.1, 1University of Guelph, Population Medicine, Canada, 
2Public Health Agency of Canada, Laboratory for Foodborne Zoonoses, Canada; sarah.parker@usask.ca

Formal decision analysis tools can help support stakeholdersin making decisions in complex problems. 
They increase transparency, identify clearly the information supporting decisions and provide a framework 
for exploring key components driving a decision. Multi Criteria Decision Analysis (MCDA) is one such 
tool. The objective of our study was to develop data sources and explore the use of MCDA in ranking 
interventions for Salmonella control on-farm. Key interventions were identified through expert consultation 
and preliminary literature review. A non-exhaustive list of interventions with potential efficacy was 
selected. Important criteria were identified through expert consultation. Data sources for each criterion 
were identified. Data for input to the MCDA was collected through the following activities: a systematic 
review, a cost modeling exercise, a producer survey and an expert consultation. An exercise to determine 
relative importance of different criteria to one group of stakeholders was conducted using a standardized 
approach. The systematic review identified published clinical trials for each intervention, though not all 
with the same outcome measure. Meal had the highest evidence of effect from the conducted meta-analysis. 
Addition of organic acids had the best modeled cost. Meal feed had the best practicality score. Little 
difference between interventions was identified relating to consumer perception. Stakeholders were divided 
on weighting consumer perception or evidence of effect as the most important criterion. A key element of 
decision making processes is the adequate engagement of stakeholders. In each of two formal engagement 
activities, stakeholder interest in the decision making framework increased. This highlights the importance 
of early and regular communication with stakeholders. The availability of adequate data is an important 
factor for supporting decision making.
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Development of a risk assessment methodological framework for potentially pandemic influenza 
strains (FLURISK): a project description
De Nardi, M., Istituto Zooprofilattico Sperimentale delle Venezie (IZSVe), Italy; mdenardi@izsvenezie.it

The emergence and worldwide spread of the swine-origin pandemic A(H1N1)pdm09 virus was unexpected 
by the scientific community and highlighted gaps in our pandemic preparedness. To address some of those 
gaps, the European Food Safety Authority (EFSA) awarded a grant in December 2011 for the implementation 
of the project described herein. The objective of the FLURISK project is the development and validation 
of an influenza risk assessment framework (IRAF) capable of assessing the risk that influenza viruses 
emerging from animal reservoirs may cross the species barrier and become potentially involved in a new 
pandemic. The project consortium which is led by IZSVe (IT) consists of European veterinary and human 
health institutions, namely: Animal Health and Veterinary Laboratories Agency (UK), Royal Veterinary 
College (UK), National Institute of Public Health and the Environment (NE), Institut Pasteur (FR) and 
the University of Ghent (BE). FAO and the Center of Disease Control (CDC) complete the consortium as 
external consulting partners. The Influenza division of the CDC, which is in the process of developing its 
own tool to evaluate influenza A viruses with pandemic potential, will collaborate in the IRAF development. 
The CDC tool will be used as a model for building the IRAF. Systematic reviews on the etiology and 
epidemiology of influenza viruses along with the assessment of current surveillance strategies in animals 
and humans will contribute to the identification of risk factors for the emergence of pandemic strains and the 
identification of drivers of geographical virus spread. Risk pathways integrated with risk models will enable 
the system to weigh the pandemic risks associated with selected viruses. A gap analysis will contribute to 
the identification of gaps in our knowledge on influenza viruses etiology and epidemiology and will produce 
recommendations for improving data sharing and promote future research priorities.

The effect of thermal stress on Salmonella shedding in dairy cattle
Funk, J.A., Pires, A. and Likavec, T., Michigan State University, Large Animal Clinical Sciences, USA; 
piresald@cvm.msu.edu

Salmonella is a major food borne pathogen that can cause disease in both animals and humans. Fecal 
contamination of meat during harvest is one of the main sources of human salmonellosis and in a recent 
survey, 14.9% of culled dairy cows at U.S. markets were Salmonella positive. In order to identify methods 
to decrease the risk of food borne illness the objective of this project was to investigate the association of 
thermal stress and Salmonella shedding in dairy cattle. In this project, one commercial freestall dairy herd 
was selected. Pooled fecal samples were taken from 8 lactation groups (1) close-up adult cows; (2) heifers 
prior to calving; (3) fresh cows, fresh heifers/ hospital area; (4) adult cows within 1 month post-calving; 
(5) heifers within 1 month post-calving; (6) cows in early-middle lactation; (7) heifers in early-middle 
lactation; (8) cows and heifers in late lactation). Pooled samples were collected once monthly for nine 
months. Temperature and relative humidity of the barns were monitored using commercial data loggers. A 
total of 360 pools were collected. The overall proportion of positive pools was 10.8%. The two lactation 
groups with the highest proportion of positive pools overall were the heifers prior to calving and the fresh 
cows, heifers/ hospital pen groups (22% for each). No positive pools were detected from middle to late 
lactation cows group. The proportion of Salmonella positive pools was greatest during the months of 
August, September and October (47.5%, 12.5% and 15% respectively). At the time of submission, analysis 
of thermal environment data is pending.
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Spatial distribution of Q fever infected dairy cattle herds in western France
Beaudeau, F., Nusinovici, S., Joly, A. and Guatteo, R., Joint Research Group Oniris-INRA BioEpAR, Nantes, 
France; francois.beaudeau@oniris-nantes.fr

Coxiella burnetii is the infectious agent responsible for Q fever, a world wide spread zoonosis. Q fever 
infection occurs mainly after inhalation of infectious aerosols generated from excreta of domestic ruminants, 
which are considered as the main source for infection. Therefore, any measure which aims to control C. 
burnetii spread among ruminants will result in reducing the zoonotic risk and the within/between herd 
transmission. The propagation of C. burnetii between ruminant herds may result from its passive transport 
through wind and/or the introduction of infected animals in free herds. However, the relative impact 
on C. burnetii spread between farms of the air-borne dispersion, compared to movements of possibly 
infected domestic has not been quantified yet, whereas this knowledge could enlighten the type of control 
measures to be implemented in herds at the regional level and their effectiveness. The present study aimed 
at investigating the spatial distribution of infected herds in a limited area, to further infer about the relative 
roles of transmission routes in the C. burnetii dispersion. Our hypothesis is that transmission by contiguity 
(e.g. wind) does not lead to distributions resembling those correlated with the animal movement network. 
Especially, if some clusters of infected herds are observed after adjustment for animal movements, the role 
of wind could be indirectly confirmed. To do so, Bulk Tank Milk was systematically collected in more than 
2,600 (geolocalized) dairy cattle herds located in a department of Western France and tested using an ELISA 
based on a ruminant antigen (LSI, Lissieu, France) for detection of antibodies against C. burnetii. Spatial 
statistics (using SaTScan) was used to highlight putative clusters. The prevalence of infected herds in the 
area was large (around 60%) and highly varied between cantons. Clusters of infected herds were identified, 
suggesting the main role of wind in the C. burnetii dispersion. Characteristics of clusters (meteorological 
conditions, topography, herd density) were studied.

Evaluation of real-time PCR without enrichment for quantification of Salmonella in swine feces
Pires, A.1, Funk, J.1, Manuzon, R.2, Zhao, L.2 and Bolin, S.1, 1College of Veterinary Medicine, Michigan 
State University, Large Animal Clinical Sciences, USA, 2The Ohio State University, Department of Food, 
Agricultural and Biological Engineering, USA; piresald@cvm.msu.edu

Quantification of Salmonella in asymptomatic carrier pigs can be used to assess the contamination pressure 
and to implement effective control measures to reduce contamination in swine herds and introduction of 
Salmonella in the food chain. The objective of this study was to quantify the fecal Salmonella load in 
naturally infected pigs by means of quantitative real-time PCR (q-PCR) without enrichment and compare 
to the ‘gold standard’ (fecal culture). Individual pig fecal samples detected positive (n=443) and negative 
(n=1,225) by standard culture methods were submitted for q-PCR targeting the invA gene. The diagnostic 
sensitivity and specificity of q-PCR was compared with the ‘gold standard’ by means of receiver-operating 
characteristic curve (ROC). The threshold cycle (Ct) cut-offs were compared based on sensitivity (Se), 
specificity (Sp) and likelihood ratios. The area under the curve was 0.94 (95% C.I. 0.871-0.978). Based 
on a Ct cut-off of 36.8, which optimizes the sensitivity (0.942) and specificity (0.92) a total of 99.84% 
(1,223/1,225) of the Salmonella culture negative were q-PCR negative. Of the culture positive samples, 
14.67% (65/443) were detected by q-PCR, but only 3.38% (15/44) of the samples were detected in triplicate 
and within the quantifiable range (≥103 copies of the invA gene). Of those samples within the quantifiable 
range, the bacterial concentration ranged from 1.06×103 to 1.73×106 invA gene copies/g feces. The majority 
of pigs in this study shed Salmonella at low concentrations below the detection limit of q-PCR. Real-time 
quantitative PCR without enrichment could be a good alternative to the traditional quantitative culture-
dependent methods for detection of high fecal concentrations, but is not applicable for quantification of 
pigs shedding low concentrations (<103 copies of invA gene/g of feces).
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Rabies vaccination coverage, Echinococcus and Leishmania prevalences in the dog population of 
Bamako, Mali
Mauti, S.1,2, Schelling, E.1,2, Hattendorf, J.1,2, Grimm, F.3, Tembeley, S.4, Traoré, A.4, Cliquet, F.5 and 
Zinsstag, J.1,2, 1University of Basel, Switzerland, 2Swiss Tropical and Public Health Institute, Switzerland, 
3Institute of Parasitology, University of Zurich, Switzerland, 4Laboratoire Central Vétérinaire, Mali, 
5ANSES Nancy, WHO/OIE rabies reference laboratory and EU-RL for rabies, France; 
stephanie.mauti@unibas.ch

Within the research program Integrated Control of Neglected Zoonoses (ICONZ), we investigated 
prevalences and risk factors of canine echinococcosis and leishmaniasis as well as dog rabies vaccination 
coverage in urban Mali. The results will assist in developing a targeted elimination program. Through two 
surveys of 2,940 households in Bamako, 372 owned dogs were identified. Blood, fur and faecal samples were 
collected for analysis including microscopic, immunodiagnostic and molecular methods. To obtain basic dog 
demography data, 277 dog keeping households are followed if possible through telephone interview every 
4 months for two years. Out of 101 collected samples analysed to date, one intestinal E. granulosus and 28 
Taenia infections have been identified, but specific anti-Leishmania antibodies have not been detected. A 
total of 28 dogs (17%) have been vaccinated against rabies. Out of 18 sera tested, 11 demonstrated sufficient 
antibody titres. The 22 reported human rabies cases in Bamako from 2004 through 2009 indicate that rabies 
is likely the most important zoonosis of urban dogs. The observed vaccination coverage of about 17% is 
insufficient to interrupt transmission. A concerted mass vaccination program complementing the efforts of 
private dog owners would be needed to eliminate dog rabies in Bamako.

Learning stakeholder attitudes through an interactive workshop: a case study on Salmonella control 
in GB pigs
Cook, A.1, Marier, E.1, Clifton-Hadley, F.1, Sheehan, R.1, Hill, A.1, Davies, R.1, Armstrong, D.2, Turvey, 
K.2, Rushton, J.3, Crayford, G.2 and Brunton, L.1, 1Animal Health and Veterinary Laboratories Agency, 
United Kingdom, 2British Pig Executive, United Kingdom, 3Royal Veterinary College, United Kingdom; 
alasdair.cook@ahvla.gsi.gov.uk

Approximately one quarter of pigs in GB carried Salmonella at slaughter and some human cases of 
salmonellosis may be attributed to this source. A national control programme to meet EU requirements 
is anticipated and research has been commissioned to provide a scientific evidence base for developing 
interventions. Adoption of an intervention at any level in the pork food chain requires behaviour change by 
operators. Success can be defined as a reduction in the number of human cases of salmonellosis attributed 
to GB pig products, which demands a consensus amongst stakeholders for co-ordinated action throughout 
the pork food chain. Therefore, scientific advances and technical advice are necessary but not sufficient if 
the strategic aims of policy-makers are to be realised. In order to investigate the perceptions of stakeholders, 
we conducted a one day workshop in which research results were presented to an invited audience and their 
views were captured using interactive methods including delegate messaging tablets and individual voting 
devices. These enabled immediate feedback and stimulated further discussions. Over 70 delegates attended, 
representing farmers, processors, veterinarians, retailers, risk managers and researchers. A brainstorm 
session yielded 10 possible interventions, which delegates later ranked according to impact and difficulty 
in implementation. Interventions in the abattoir and processing were highly regarded as both effective and 
relatively straightforward to implement. However, delegates also believed that a combination of measures 
from ‘farm to fork’ were required as there was no ‘silver bullet’. The workshop was well received and 
proved a highly effective means of stakeholder engagement. Funded by DEFRA; thanks to LiveGroup 
Technology for facilitation.
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A Norwegian risk assessment of diseases in production animals
Osteras, O.1, Hanche-Olsen, S.2, Hoel, K.1, Holstad, G.2, Kapperud, G.3 and Rimstad, E.1, 1Norwegian 
Scientific Committee for Food Safety, Norway, 2Norwegian School of Vet Science, Norway, 3Norwegian 
Inst. Public Health, Norway; olav.osteras@tine.no

The purpose of this risk assessment is to assist the risk managers by evaluating which diseases should be 
the responsibility of the national food authorities and/or the responsibility of industry. It thus includes the 
following main elements: (1) hazard identification; (2) hazard characterization; (3) exposure assessment; 
(4) impact assessment; and (5) risk characterization. The estimated risk is expressed as exposure multiplied 
by impact. A total of 71 different disease conditions have been considered. The disease or relevant agent 
where assisted at 7 different points. The risk assessment was conducted such that every individual expert 
appointed to the group gave a score, based on a carefully defined scale from 1 to 10, for every point for 
each disease, with a score of 1 representing the lowest risk and a score of 10 the highest risk, according to 
the opinion of that individual member. Each individual provided their score for each point independently 
of the other members of the panel. When the scoring had been completed, the scores were entered into a 
spread-sheet and processed using the @RISK computer programme to create a graphical distribution, and to 
calculate the mean and distribution of the scores for each point. The results of this process will be illustrated 
graphically. The results of the current risk assessment will be demonstrated for three points of exposure and 
4 points for the impact assessment. Lastly, the risk was assessed as a product of both exposure and impact. 
In this assessment the following conditions were ranked as highest: (1) salmonellosis; (2) swine influenza; 
(3) canine distemper; (4) paratuberculosis; (5) BVD; (6) glanders; (7) Mycoplasma bovis infection; (8) 
methicillin-resistant Staphylococcus aureus (MRSA) infections; (9) Q fever; (10) American foulbrood. 
This assessment has been conducted by Panel 8 (Animal Health and Animal Welfare) of the Norwegian 
Scientific Committee for Food Safety.

Assessment of exposure to Vibrio in shellfish consumed in Abidjan, Côte d’Ivoire
Traoré, S.1,2, Costard, S.3, Krabi, R.2, Odermatt, P.4,5, Utzinger, J.4,5, Makita, K.6, Grace, D.6, Koussémon, 
M.2 and Bonfoh, B.1, 1Centre Suisse de Recherches Scientifiques, Cote d Ivoire, 2Université d’Abobo-
Adjamé, Cote d Ivoire, 3Royal Veterinary College, United Kingdom, 4University of Basel, Switzerland, 
5Swiss Tropical and Public Health Institute, Switzerland, 6International Livestock Research Institute, 
Kenya; jeansylvain50@yahoo.fr

The consumption of shellfish contaminated with Vibrio spp. is a cause of serious food borne diseases 
(FBD) and a concern in Abidjan where shellfish are mostly purchased on informal markets. This study 
assessed the risk of exposure to Vibrio spp. via the consumption of shellfish in Abidjan using stochastic 
modelling. Parameters were derived from 3 studies: Vibrio spp. prevalence in shellfish (n=322) at markets, 
household survey (n=120) and focus group discussions (n=8) on consumers’ practices. Both non-parametric 
bootstrapping and parametric distributions were used to represent uncertainty. The model was implemented 
in ModelRisk, using Monte Carlo simulation with 5,000 iterations. The incidence rate of consumption of 
shellfish contaminated by Vibrio spp. at the time of purchase was 5 per person year [90% CI=2.7; 7.3]. 
The prevalence of Vibrio spp. in shrimp and crab were 10.5% and 6.9%, respectively. The main parameter 
influencing the exposure was Vibrio spp. prevalence in crab, followed by the daily rate of consumption of 
shellfish. Shellfish consumption was daily for 11.7% of households, occasional for 45.8% and rare for 42.5%. 
Hazard and risk characterization are ongoing to estimate the risk of FBD associated with the consumption 
of contaminated shellfish. Results from the household survey showed that 7.5% of respondents reported 
symptoms of food poisoning. Shellfish are consumed boiled (96.7%) or fried (3.3%); reported cooking times 
varied from 5-15 min (6.8%) to more than an hour (64.2%). Although shellfish cooking practices seem to 
limit the risk of FBD, findings from focus group discussions suggest cross-contamination of vegetables and 
other food items consumed raw might happen.
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Caracterization and spatial distribution of scorpion sting accidents in Belo Horizonte, Minas Gerais, 
Brazil, 2005 to 2009
Barbosa, A.D.1, Magalhães, D.F.1, Silva, J.A.1, Silva, M.X.1, Cardoso, M.F.E.C.2, Meneses, J.N.C.1, Cunha, 
M.C.M.3, Haddad, J.P.A.1 and Nicolino, R.R.1, 1Veterinary School, Federal University of Minas Gerais, 
Brazil, 2JXXIII Hospital – FHEMIG, Toxicology, Brazil, 3Municipal Health Department of Belo Horizonte, 
Brazil; rafa_uenf@hotmail.com

A retrospective epidemiological study was done to characterize scorpion sting accidents occurred in Belo 
Horizonte, between 2005 and 2009. Notification data were used from the National System of Notifiable 
Diseases (SINAN), Epidemiological Surveillance System (SISVE) and also from the clinical records of 
Sector of Toxicology of João XXIII Hospital (HPSJ XXIII). For spatial analysis, the programs MapInfo 
10.0, Hotspot Detective and SatScan were used. Between 2005 and 2009 occurred in Belo Horizonte 2769 
cases of scorpionism, which represents an accumulated incidence of 114.7 cases per 100,000 inhabitants. 
There was a decreasing trend during the years and a higher rate of cases between August and January. The 
species Tityus serrulatus was responsible for most accidents. There was no statistical difference between 
men and women affected and people aged between 55 and 64 years had a higher risk to scorpionism. 
Most of the cases were attended within one hour after the sting. Local symptoms were more frequent than 
systemic manifestations. Ninety-six percent of the patients achieved cure and there were two deaths, both 
on children. Among 1924 georeferenced scorpionism cases, the highest incidence was observed in the 
Northwest Sanitary District (DS), followed by the Northeast DS. It was also observed large concentration of 
cases in the regions of the city cemeteries. Using the Technique of Kernel Density, there were concentrated 
points of scorpionism cases in three DS and it was also detected two clusters in the period, one in 2005 and 
another between 2006 and 2007. It is suggested to consider the determinants of scorpionism to the planning 
of control and focus on priority areas.

Impact and significance of the recent outbreak of Q fever in Western Europe: feasibility for future 
control programmes
Afonso, A.1, Georgiev, M.1 and More, S.2, 1EFSA, Italy, 2UCD, Ireland; ana.afonso@efsa.europa.eu

Following the 2009 outbreak of Q fever in the Netherlands, the European Food Safety Authority was 
requested to assess the significance of the occurrence of Q fever in the European Union (EU), to provide 
a better understanding of the scale and distribution of both the disease and Coxiella burnetii infection (the 
causal agent of Q fever), with the focus on farm animals and humans. An assessment of the magnitude and 
distribution of infection and disease in domestic ruminants and in humans was conducted after considering 
diagnostic tests for C. burnetii infection and surveillance in different member states (MS). Impact and 
significance was assessed, based on expert opinion. Several methods were used to clarify risk factors for 
maintenance of infection in ruminants and spillover of infection from ruminants to humans, including the 
development of a simple conceptual model, a critical review of available literature, and several country case 
studies. Infection with C. burnetii is endemic in domestic ruminants in most, if not all, EU MS. Although 
infection is common, observed disease is rare. The overall impact of infection on the health of domestic 
ruminants in EU MS is limited. In humans, C. burnetii infection is present in most, if not all, EU MS. Q 
fever is a zoonotic disease with limited public health impact in the EU, however, in certain epidemiological 
circumstances and for particular risk groups the public health impact can be significant. Control options 
for infection in domestic ruminant populations were evaluated, following the development of a generic 
framework for the control of infectious diseases, and based on available data about individual control 
interventions. Criteria for evaluation were: efficacy to reduce animal infection and spill over to humans, 
feasibility and sustainability. A range of control options are possible and should be used in combination.
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Where to draw the line: challenges of undertaking one health sero-epidemiological studies in 
developing countries
Durr, P.1, Inthavong, P.2, Khamlom, B.3, Blaszak, K.1, Vilasak, V.3, Allen, J.1 and Gilbert, J.4, 1Australian 
Animal Health Laboratory, Australia, 2Department of Agriculture, Lao Peoples Dem. Rep., 3Department 
of Health, Lao Peoples Dem. Rep., 4ILRI, Lao Peoples Dem. Rep.; peter.durr@csiro.au

A practical objective of the One Health approach to zoonotic disease is to objectively determine the 
burden of infection and disease in animal and human populations. For many zoonotic diseases, infection in 
domestic and wildlife results in no (or sub-clinical) disease, and therefore no diagnostic tests or protocols 
exist to measure exposure. This usually leads, in the first instance, to the use of tests developed for human 
populations, which are then subsequently assessed, and where necessary modified for the animal population. 
The challenge arises when the test validation has either not been done or else on very different animal 
populations. In 2011 we undertook an integrated public and animal health study in two provinces in Laos 
with the aim of determining, inter alia the burden of exposure to two pig related zoonotic viral diseases, 
Hepatitis E and Japanese Encephalitis. As the ELISA tests for JeV and HeV had not previously been used 
in pig samples in Laos, we needed to determine appropriate cut-off points. For both tests we used standard 
exploratory data analysis (EDA) methods – box-plots and histograms – to determine data outliers and the 
appropriateness of the recommended cut-off values. This EDA approach indicated that the threshold was 
set too low, i.e. that the test had a sub-optimal specificity. To determine the effect of this on our principal 
study objective – to determine risk factors and ‘hot spots’ – we systematically varied the cut-off values, 
reclassifying those samples being suspected of being false positives as ‘inconclusive’. Incorporating 
this data-mining approach into an algorithm has considerable potential as an interim and cost effective 
approach to overcome the problem of test validation in developing countries where complete ‘gold standard’ 
assessments are not feasible.

Leptospirosis infection in sheep and cattle in a New Zealand abattoir: sero-prevalence, shedding and 
diagnostic test comparison
Fang, F.1, Collins-Emerson, J.1, Wilson, P.1, Heuer, C.1, Tisdall, D.2 and Benschop, J.1, 1Massey University, 
New Zealand, 2Gribbles Veterinary Pathology, New Zealand; j.benschop@massey.ac.nz

In New Zealand, leptospirosis is the most common occupationally acquired zoonotic disease. We present 
cross-sectional data from animals slaughtered at a mixed-species abattoir that reported a leptospirosis 
incidence of 3 cases from 20 staff in 2009. We compare the results from real time PCRs (RT-PCR) and 
microscopic agglutination tests (MAT) between research and commercial laboratories. Serum, urine and 
kidney samples were collected from 399 sheep and 146 cattle during nine weeks in 2010. Sero-prevalence 
was 44% (175/396) for sheep and 62% (90/146) for cattle. Sero-prevalence from six suppliers ranged from 
20% to 83%. Twenty nine percent (115/399) of sheep and 21% (30/146) of cattle kidneys were RT-PCR 
positive, with a range of 4-68% for sheep suppliers and 14-22% for cattle suppliers. The shedding rate 
(based on urine RT-PCR results) was 31.4% for sheep and 21.2% for cattle. In total, 26.6% (73/274) of urine 
samples were tested positive by Massey RT-PCR, and 27.4% (75/274) by the commercial lab. The agreement 
between RT-PCRs from two labs was almost perfect (Kappa=0.93, 95% CI: 0.88, 0.98). At the MAT cut-off 
titre of 1:96 was chosen, the agreement was almost perfect for serovar Hardjobovis (Kappa=0.92, 95% CI: 
0.88, 0.95), and substantial for serovar Pomona (Kappa=0.70, 95% CI: 0.62, 0.78). Sero-prevalences and 
shedding rates detected in this study were higher than those previously reported. The risk of transmission 
to meat workers and animal handlers was therefore high. Feedback to the abattoir, stock suppliers and their 
veterinarians reinforced the need for control strategies such as livestock vaccination and the use of personal 
protective equipment. Despite that different sample handling, DNA extraction and RT-PCR protocols were 
applied by the laboratories, there was almost perfect RT-PCR and high level of MAT test agreement between 
the research and commercial labs.
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Specification of data collection on animal diseases to increase the preparedness of the Animal Health 
and Animal Welfare Panel (AHAW) of the European Food and Safety Agency (EFSA) to address 
questions from risk managers
Bellet, C.1, Humblet, M.-F.2, Swanenburg, M.3, Vandeputte, S.2, Dhe, J.1, Afonso, A.4, De Koeijer, A.3, 
Saegerman, C.2 and Sanaa, M.1, 1French Agency for Food, Environmental and Occupational Health and 
Safety, France, 2Unit of Research in Epidemiology and Risk Analysis, University of Liege, Belgium, 3CVI, 
Wageningen, Netherlands, 4EFSA, Italy; camille_bellet@hotmail.com

Risk assessment is a core part of EFSA AHAW panel tools used to address questions from risk managers. The 
lack of accurate quantitative data and a standardized methodology to collect data for risk assessment may 
delay the production of accurate scientific opinions and limit the use of formal and structured quantitative 
risk assessments. Therefore, the aim of this project was to develop a methodological framework stating 
how to specify the data needs in accordance with the type of risk questions and the relevant risk assessment 
methods. To do so, we started by reviewing AHAW opinions adopted between 2004 and 2010 (WP1). This 
review permitted identification and categorization of the most recurrent risk questions, the related list of data 
needs and the suitable risk assessment methods. Subsequently an inventory of the possible sources of needed 
data and assessment of their availability and accessibility and description of their format were performed 
(WP2). A metadata model for data collection and documentation was then proposed (WP3). The outcomes 
and conclusions from the three first work packages was used to propose a structured approach to data 
collection in regard to the expected future risk questions. Based on four case studies related to Echinococcus 
multilocularis, E. granulosus, Porcine Reproductive and Respiratory Syndrome and Venezuelan Equine 
Encephalitis, we conclude that this approach will lead to more efficient preparatory data-collection, and 
will therefore enable more rapid response to new risk managers questions.

Q fever in Switzerland: Seroprevalence in small ruminants and risk assessment for humans
Hunninghaus, J.1, Schüpbach-Regula, G.1, Wittenbrink, M.M.2, Hamburger, A.2, Scherrer, S.2, Stärk, K.3 
and Magkouras, I.1, 1Institute of Veterinary Public Health, Vetsuisse faculty, Bern, Switzerland, 2Institute 
of Veterinary Bacteriology, Vetsuisse Faculty, Zurich, Switzerland, 3Royal Veterinary College, United 
Kingdom; ioannis.magkouras@vetsuisse.unibe.ch

Q fever is a zoonotic disease caused by the intracellular bacterium Coxiella burnetii. Humans become 
infected mainly through inhalation of contaminated aerosols generated by birth products and various 
other excreta shed by infected cattle, sheep and goats. Starting in 2007, the Netherlands experienced the 
largest outbreak of Q fever ever reported in literature and was linked to episodes of abortion in large dairy 
goat farms. The dimensions of goat and sheep farms in Switzerland differ substantially from those in the 
Netherlands. However, the likelihood for a larger outbreak of Q fever in Switzerland is not known. The 
aim of this project was to study the seroprevalence of Q fever in sheep and goats and to assess the risk for a 
larger outbreak in humans. Prevalence was determined from a representative sample of 72 goat farms and 
100 sheep farms respectively. Samples collected for the 2011 nationwide cross-sectional survey to document 
freedom from Brucella melitensis were analyzed by ELISA. Herd level prevalence ranged from 5% in sheep 
to 11.1% in goat flocks. At animal level, prevalence was 1.8% in sheep and 3.4% in goats, respectively. In 
addition, we quantified the bacteria in aborted material using PCR, in order to obtain information on the 
extent of environmental contamination following abortions. Furthermore, these samples will be used to 
identify virulence factors, as well as the genotypes present in Switzerland. A literature search on Q fever 
epidemiology was used to identify risk pathways and to generate a qualitative risk assessment for human 
infection.A sensitivity analysis will reveal which factors have the greatest influence on the probability of 
larger outbreaks of Q fever in humans. These results form an important basis for future prevention and 
control strategies for Q fever.
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One Health Hubs in Asia: building a sustainable platform for conducting interdisciplinary regional 
epidemiology activities
Neumann, E.1, Jolly, P.1, Morris, R.2, Mckenzie, J.3 and Jackson, R.4, 1Massey University, EpiCentre, New 
Zealand, 2Morvet Ltd, New Zealand, 3EpiPLUS, New Zealand, 4Consulting epidemiologist, New Zealand; 
e.neumann@massey.ac.nz

The basis for ‘One Health’ activities is joint consideration of the human and animal health aspects of 
zoonoses, and implications for development of disease control programs. However, a challenge faced by 
national disease program managers who have embraced the One Health paradigm is maintaining their 
enthusiasm long enough to effectively institute change in their organisations. To meet this challenge, we 
have designed a two-phase One Health training program using a blended teaching model that incorporates 
web-based and face-to-face delivery modes. The program consists of two phases: phase one provides 
Masters level training in epidemiology, and phase two establishes interdisciplinary professional networks 
through an activity-based collaboration platform. Phase 1 has been completed in 7 South Asian countries 
with coordinated training of doctors and veterinarians that used shared learning resources. Approximately 65 
health professionals have completed the training in English, with a second cohort from Central Asia starting 
in 2012 in Russian. Phase two of the One Health training is designed to actively reinforce skills learned by 
the graduates of phase one. ‘Country groups’ identify an important zoonosis that can be investigated through 
application of their newly acquired epidemiological skills. Projects are implemented to achieve tangible 
benefits in management of a zoonotic disease. For many of the zoonotic diseases (HPAI, brucellosis, rabies) 
cross-border and cross-discipline cooperation is essential for effective control. National ‘One Health Hubs 
(OHHs)’ are virtual entities operated by the country groups and have the endorsement of relevant health 
ministries. Underpinning all OHH activities is ‘HubNet’ – a regional professional network that provides 
powerful web-based tools for communication, collaboration and resource sharing, within and between the 
OHHs.

Evaluating a group based intervention for improving meat safety in a Nigerian wet-market
Grace, D.1, Dipeolu, M.2 and Olowoye, J.3, 1International Livestock Research Institute, Kenya, 2University 
of Agriculture, Abeokuta, Nigeria, 3University of Ibadan, Nigeria; d.grace@cgiar.org

Developing countries have rules and regulations for assuring food safety; yet food-borne disease remains a 
major cause of sickness and death. Approaches based on collective action and capacity strengthening could 
complement traditional inspection and enforcement. We evaluated a participatory training intervention to 
improve food safety among meat processors and retailers (butchers) in Bodija Market, Ibadan, Nigeria. 
Butchers are traditionally self-organised into groups. An interactive training workshop was held for 
group representatives who were selected to pass on information and training to their group. Meat hygiene 
knowledge, attitude and practice was assessed before attending the workshop and afterwards (n=63). It was 
also assessed for those who did not attend the workshop (n=68) but were intended recipients of training 
through their group. Microbiological quality of meat was assessed before and after the workshop (n=400 
samples). After the workshop, participants significantly improved knowledge, attitude and practice in key 
food safety aspects; specifically, understanding sources of contamination and food-borne diseases, use 
of bleach and disinfectant and hand-washing. Participants also shared information with an average of 18 
other group members and improvements were seen in group members who did not attend the workshop 
but received training through their group. Microbiological quality of meat sold also significantly improved 
after the intervention. The intervention cost $8.82 per butcher reached and was estimated to reduce risk 
of diarrhoea (costing patients $4.46 on average) by at least 5%. In conclusion, participatory, group-based 
methods targeted at meat processors and retailers can improve meat hygiene knowledge, attitude and practice 
as well as the microbiological quality and hence safety of meat.
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Comsumer phase risk assessment of a ewe raw milk traditional cheese (Serra da Estrela)
Nunes, T.1, Vaz, Y.1, Guilherme, V.1, Sol, M.2, Silva, H.2 and Pedro, S.2, 1CIISA, Faculdade de Medicina 
Veterinária, Universidade Técnica de Lisboa, Portugal, 2INRB, Portugal; tnunes@fmv.utl.pt

The goal of this work was the development of a Listeria monocytogenes (LM) risk assessment for a 
traditional ewe raw milk traditional cheese (Serra da Estrela cheese). The assessment focused on the phase 
from retail to consumption and it aimed to: estimate the consumer exposure to LMs; estimate the probability 
of infection resulting from that exposure; identify the impact on the risk of the different consumer behaviors 
in the conservation and consumption patterns and identify critical data gaps to characterize the risk of LMs 
infection in this product. To model the exposure the following parameters were included in the model: 
prevalence of contaminated cheeses, level of contamination, serving sizes and time-temperature of storage 
profiles before consumption.On a previous study at the retail level, Serra da Estrela had a prevalence of LM 
39.6% IC95% [30.1-49.8%] of the sampled cheeses positive and with a concentration that ranged from <10 
cfu/g to 4.9×103 log cfu/g. A sensitivity analysis was done with a variance based method and first and second 
order indices were estimated to evulate the inpact of the input variable uncertainty in the risk estimate. The 
estimated marginal risk per portion ranged from 2.1×10-9 to 2.1×10-6 depending on the optimum growth 
rate assumption and corresponding to an expected number of LM cases resulting from the consumption 
of this cheese from 0.002 to 1.7 per year. Only the initial concentration at retail had a small main order 
effect on the output with considerable total effects from aW, temperature, maximum storage time and pH 
and initial concentration. The results of this risk assessment, suggest that this product can be the source of 
a non-negligible risk to the consumer and that the storage behavior has a strong impact on the risk of L. 
monocytogenes infection. Nevertheless, there is a considerable uncertainty on the estimates, resulting from 
data gaps on the specific optimal growth rate in matured Serra da Estrela Cheese.

Mycobacterium avium subsp. paratuberculosis in pasteurised milk: a quantitative exposure assessment
Limon, G., Van Winden, S. and Guitian, J., Royal Veterinary College, United Kingdom; glimon@rvc.ac.uk

Mycobacterium avium subspecies paratuberculosis (MAP) causes paratuberculosis or Johne’s disease (JD); a 
chronic granulomatous enteritis which mainly affects ruminants. A potential role of MAP in the pathogenesis 
of Crohn’s disease and development of type I diabetes has been suggested. However evidence to support 
these links is inconclusive. The potential contribution of milk to human exposure is still a debatable topic. 
Using available published data and the results of expert elicitation, a stochastic exposure assessment was 
developed to estimate the likelihood of human exposure to MAP via pasteurised milk. The assessment 
consisted of two modules: the ‘farm module’, detailing the amount of MAP reaching bulk milk tanks and the 
‘pasteurisation plant module’, which estimated the level of exposure in pasteurised milk and the frequency 
with which positive samples would have been detected (using a detection limit of 0.023bacteria/ml). The 
potential impact on MAP concentration following different farm-level control measures and different log10 
reduction cycles due to pasteurisation were evaluated. Given our settings, we estimate that the maximum 
MAP concentration in pasteurised milk was 1.1×10-6 cells per ml (minimum 1.82×10-11; median 1.5×10-9). 
Our assessment suggests that, at the farm level, removing heavy shedders would be the most effective control 
measure to reduce human exposure to MAP via consumption of pasteurised milk. At processing plant level, 
log10 reduction due to pasteurisation would need to be 2 fold reductions to detect positive samples. We 
hypothesised that placing milk from positive farms into the skimmed milk process, using microfiltration, 
could be a feasible alternative to reduce human exposure via pasteurised milk.
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the veneto region information system: introduction to gesvet, the procedure used by the veterinary 
services
Manca, G., Patumi, I. and Marangon, S., Istituto Zooprofilattico Sperimentale delle Venezie, Italy; 
crev.gmanca@izsvenezie.it

Following the food crisis that hit Europe in the ‘90s, data collection and sharing along all the steps of 
the food production chain (‘from farm to fork’) have become fundamental to guarantee food safety and 
transparency for consumers. Since 1994 the Veneto Region has established the Regional Data Bank (RDB) 
of livestock holdings and related industries, which also constitutes an informative base to be used for survey 
purposes. In late 2000, in order to comply with the European legislation on food chain safety, several satellite 
procedures were joined to the RDB, thereby setting up the current Regional Information System (RIS). The 
aim of this paper is to highlight GESVET, a computerised program for the recording and management of 
activities performed by the Veterinary Services (VS) of Local Public Health Units. The system is based on 
internet technologies (HTTP, SOAP, XML, Web Services) with a strong logic of integration (common master 
data). Access is controlled by user authentication. The internet application is implemented in Delphi 2010 
(object-oriented language). The Web Server used is Apache 2.2 (Apache © Software Foundation). GESVET 
is organised in different modules: outbreaks of infectious diseases; slaughterhouse inspection; inspection 
& surveillance; registration of food industries according to Regulation EC 852/2004; animal transport. 
The system is designed to record and manage VS activities and it also allows the printing of each required 
document and the management of computerised registers (e.g. slaughter register). The current number of 
GESVET users amounts to 381; a specific call-centre has been activated also to check for data quality. The 
GESVET procedure constitutes a suitable operational tool for uniform recording and functional planning 
of Public Health activities. Data quality is the main crucial point in RIS effectiveness and every effort is 
made to avoid mistakes in the archives.

Increased biofilm formation of Campylobacter jejuni isolated from slaughterhouse
Kudirkienė, E.1, Šernienė, L.1, Brøndsted, L.2, Stabler, R.A.3 and Malakauskas, M.1, 1Lithuanian University 
of Health Sciences, Veterinary Academy, Food Safety and Quality, Lithuania, 2University of Copenhagen, 
Veterinary Disease Biology, Denmark, 3London School of Hygiene and Tropical Medicine, Infectious & 
Tropical Diseases, United Kingdom; amalakauskas@lva.lt

Despite numerous investigations and programs established to control Campylobacter during broiler 
processing, poultry meat remains the major source of human campylobacteriosis. Therefore the main 
routes of broiler carcass contamination during slaughtering are important to investigate. With this aim 
we have traced the changes of C. jejuni genotypes within one broiler flock from the beginning of rearing 
to the final product at the slaughterhouse. Genotyping of 345 collected isolates of C. jejuni revealed ten 
different flaA genotypes of C. jejuni along the broiler meat production chain. Broiler fillets were mainly 
contaminated with genotypes found on the surfaces of slaughterhouse equipment and in the scalding water 
after cleaning and disinfection. All twelve genotypes were further tested for biofilm formation and their 
phylogenetic relationship. Interestingly, the results showed a correlation of the origin and the phylogenetic 
relationship of the C. jejuni isolates and their ability to form biofilm. Only two strains were not able to 
develop biofilm, while most of the C. jejuni isolates originating from meat and surfaces of the slaughterhouse 
formed biofilm after both 24, 48 and 72 hours of incubation. Interestingly, these biofilm forming strains 
were phylogenetically related to each other. Furthermore, two strains that were isolated after disinfection 
developed significantly more biofilm after 24 hours of incubation than the remaining strains. A comparative 
genomic analysis using DNA microarrays showed genetic differences as the gene content of strains that 
efficiently formed biofilm were different from those that did not.
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Heavy metals epidemiology in livestock
Moretti, L.D.1, Feijó, L.D.2, Guilloux, A.G.A.3, Bonnet, M.4, Dias, R.A.3 and Telles, E.O.3, 1Ministry of 
Agriculture, Livestock and Food Supply, PNCRC São Paulo State Coordination, Brazil, 2Ministry of 
Agriculture, Livestock and Food Supply, PNCRC National Coordination, Brazil, 3University of São Paulo, 
VPS, Brazil, 4Ministry of Agriculture, Livestock and Food Supply, EMBRAPA Dairy Cattle, Brazil; 
dias@vps.fmvz.usp.br

The National Plan for the Control of Residues and Contaminants (PNCRC) is a Brazilian governmental 
program that oversees chemical hazards in several food production chains. Relying on certified laboratories, 
the Plan´s results are representative for all target species due to its systematic probabilistic sampling based 
on the binomial distribution, which enables detection of violations in arguably low-prevalence scenarios. 
As such, the PNCRC depicts the levels and the distribution of residues and contaminants in several foods 
on a nationwide basis. Between 2006-2010, the PNCRC database was divided according to three categories 
as applied to bovine tissue samples collected at abattoirs under Federal Inspection, with inferences being 
mainly related to the last rearing farm. Categ. 0: Results<quantitative limits (QL) Categ. 1: QL≤ results< 
maximum limit (ML) of Brazilian law Categ. 2: Results≥ML For the case of heavy metals (As, Cd, Pb, 
Hg), a national distribution given the three categories is displayed on a thematic map. In addition to the fact 
that map results suggest that non-compliant results are rare, the plan´s robust surveillance rationale ensures 
safe levels of consumer exposure to heavy metals associated with beef products. Specifically, a control 
optimization is proposed for the orange spotting to further reduce observed levels to ‘as low as reasonable 
achievable’ by using ever-stricter good agricultural practices (GAP). As contamination of food producing 
animals with heavy metals is mostly due to environmental rather than deliberate sources, conduction of 
descriptive epidemiological studies based on thematic maps is of key importance to initiate bona fide risk 
assessment and management protocols.

Using an interdisciplinary approach to investigate food-borne disease in Thailand
Meeyam, T.1, Unahalekhaka, A.1, Unger, F.2, Evrard, O.1, Robert, L.1, Robert, C.1, Pfeiffer, D.3, Wilcox, B.4, 
Potaphon, M.1 and Srikitjakarn, L.1, 1Chiang Mai University, Thailand, 2International Livestock Research 
Institute, Kenya, 3Royal Veterinary Collage, United Kingdom, 4Mahidol University, Thailand; 
F.Unger@cgiar.org

Thailand has undergone an enormous economic development over the last 20 years, and public awareness 
of food-borne disease (FBD) risk has increased with urbanisation and tourism. The true impact of FBD 
is unknown due to significant underreporting. The cultural diversity, economic variation and tropical 
environmental conditions result in a highly complex system where traditional western food safety approaches 
to risk management are not effective. Instead expertise from multiple disciplines is needed to understand 
the drivers of the system which influence the occurrence of FBD. Given the scarcity of data, extensive 
use is needed to be made of qualitative data. As a first step, scientists from the social, anthropological, 
medical, economic and veterinary sciences developed a conceptual diagram of the key factors involved 
in the underlying system. As a second step, the existing knowledge in relation to the relevant system 
components was summarised, and information gaps were identified. Then baseline data was collated on FBD 
occurrence based on official reports as well as available literature. Recognising the data limitations, focus 
group discussions were used to obtain further data on disease risk perception and relevant risk behaviours. 
Livestock population data was obtained to describe spatial and temporal trends in productivity. Demand and 
consumption of animal-derived foods was characterised using national data. Expert opinion was collated on 
the processes along the livestock value chain, including food processing and selling, such as through street 
food vendors. The outcome of the research was a synthesis of the knowledge from different disciplines 
generated as part of this work, and will be used to inform further research and risk management, specifically 
in relation to human behaviour change.
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Analysis of the baseline survey on the prevalence of Salmonella in holdings with breeding pigs, in the 
EU, 2008: factors associated with Salmonella pen positivity
Amore, G., Boelaert, F., Georgiadis, M. and Makela, P., European Food Safety Authority (EFSA), Unit on 
Biological Monitoring, Italy; marios.georgiadis@efsa.europa.eu

A European Union-wide Salmonella baseline survey was conducted in 2008 in holdings with breeding pigs. 
A total of 1,609 randomly selected holdings housing and selling mainly breeding pigs (breeding holdings) 
and 3,508 holdings housing commercial breeding pigs and mainly selling pigs for fattening or slaughter 
(production holdings) were sampled. In each selected holding, pooled fresh faecal samples were collected 
from 10 randomly chosen pens of breeding pigs over six months of age, representing the different stages 
of the breeding herd, and examined for the presence of Salmonella. Analyses at country-level demonstrated 
a strong positive association between the prevalence of Salmonella-positive breeding holdings and the 
prevalence of Salmonella-positive production holdings, suggesting a vertical dissemination of Salmonella 
between the holdings. Based on the combined results from breeding and production holdings, multivariable 
regression analysis showed that the odds of Salmonella-positive pens with pigs increased with the number 
of breeding pigs in the holding and with the following pen-level factors: flooring systems other than slatted 
floors or solid floors with straw, presence of maiden gilts, number of pigs per pen, feed of commercial 
compound origin or pelleted feed. Methodology, results and conclusions will be presented.

Epidemiology of bacterial infections in livestock and their human keepers in Western Kenya
Fevre, E.M.1,2, De Glanville, W.A.1,2, Doble, L.F.1,2, Cook, E.A.1,2, Bronsvoort, B.M.D.E.C.3, Kariuki, S.4 and 
Wamae, N.4, 1 International Livestock Research Institute, Nairobi, Kenya, 2Centre for Immunity, Infection 
and Evolution, School of Biological Sciences, University of Edinburgh, United Kingdom, 3Roslin Institute, 
University of Edinburgh, United Kingdom, 4Centre for Microbiology Research, Kenya Medical Research 
Institute, Nairobi, Kenya; eric.fevre@ed.ac.uk

We report on the results of work on three bacterial zoonoses arising as part of a large project dealing with 
zoonotic infections amongst livestock and the farmers who keep them. Domestic livestock are an important 
source of zoonotic infections to humans, particularly in rural parts of Africa. Understanding the interactions 
between people and their domestic animals, and the transmission of zoonoses between them, is of vital 
importance in creating the evidence-based disease control policies that are required to protect both human 
and animal health. The wider project addresses the impact of co-factors (a condition that influences the 
effects of another condition) on the epidemiology of, and burden imposed by, these diseases. We describe 
the results of an analysis of three bacterial infections of major public health significance (q-fever, brucellosis 
and tuberculosis), with a focus on infection in both domestic cattle and humans. In particular, we explore the 
spatial distribution of these infections in Western Kenya, and explore patterns of infection at the household 
level in both species (n=450 households). In addition, using multivariate methods, we examine non-zoonotic 
co-factors as explanatory variables for the individual pathogens, and quantify the risk of co-infections with 
multiple bacterial zoonoses. We use our wealth of ancillary risk factor data to explain the patterns observed.
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Detection of dioxins in meat chickens in slaughterhouses submitted federal inspection service in Brazil
Diniz, S.A.1, Haddad, J.P.A.1, Mikami, F.2, Sá, C.V.G.C.2,3, Melo, C.B.3 and Nicolino, R.R.1, 1Escola 
de Veterinária – UFMG, Preventive Veterinary Medicine, Brazil, 2Ministério da Agricultura Pecuária 
e Abastecimento, DIPOA, Brazil, 3Universidade de Brasília, Preventive Veterinary Medicine, Brazil; 
rafa_uenf@hotmail.com

Dioxins are chemical compounds biphenyls, most resistant to chemical and biological degradation by most 
microorganisms, it is human carcinogen, can be found in various environments such as soil, vegetation, air, 
water and marine sediments. It is estimated that 90% of human exposure is by ingestion of contaminated 
food, having a cumulative effect especially in high-fat foods such as beef, dairy, milk, chicken, pork, fish 
and eggs. A tolerable daily intake for dioxin is 1-4 pg/kg body weight /day by World Health Organization. 
Brazil is the leading exporter of chicken meat and the national legislation complies with the parameters 
set by the European community. This study aimed to detect dioxin in chicken meat derived from regulated 
abattoirs for export. Was collected from 500 g of fat cavitation lots coming from slaughterhouses 41 
randomly selected, totaling 253 samples in the period between 2009 and 2010, whereas incidence of 1% 
and confidence interval of 90%. The detection of dioxins was performed by gas chromatography and mass 
spectrometry, high-resolution limit of quantitation of 1 pg/g of the main dioxin congeners found in foods. 
All samples were negative for dioxins. The spatial distribution of the slaughterhouses was plotted on maps 
by MAPINFO program and geographical coordinates were obtained by the finder global positioning Google 
Earth, to the address provided by the Brazilian Ministry of Agriculture. It is concluded that the chicken 
slaughterhouse submitted to the Brazilian Federal Inspection Service meets international demands for 
export. Funding: INCT-Pecuária

Practicality of on-farm interventions for Salmonella: a survey of pork producers’ perceptions
Parker, S.1, Wilhelm, B.1, Rajic, A.1, Angus, N.2, Fazil, A.3 and Mcewen, S.1, 1University of Guelph, 
Population Medicine, Canada, 2University of Saskatchewan, Large Animal Clinical Sciences, Canada, 
3Public Health Agency of Canada, Laboratory for Foodborne Zoonoses, Canada; sarah.parker@usask.ca

Control of foodborne disease is of importance to all in the food production chain; multiple points exist 
along the chain where interventions can be considered. How practical an intervention is to implement 
effectively on the farm should be considered. As part of a larger project on ranking different interventions for 
Salmonella control, a survey of pork producers was developed. The objective was to develop a ‘practicality’ 
score for six interventions with potential effectiveness for controlling Salmonella on-farm. In 4 provinces 
in Canada, a questionnaire was delivered to 100 randomly selected producers. Questions asked related 
to demographics, issues in using interventions and ranking the interventions in terms of practicality. The 
interventions asked about were the use of antibiotics, acid in feed or water, disinfection, meal instead 
of pellets, wet feed and vaccination. 220 surveys were returned. Respondents capacity for finisher pigs 
ranged from 120 to 290,000. The use of different interventions varied with disinfection being used most 
commonly (201/220) and vaccination being used least commonly (25/220). Producers were asked about 
the labour, equipment, paperwork and ‘problems’ associated with each intervention. They were also asked 
to rank the interventions with respect to their practicality. The summary practicality score was a reasonable 
predictor of producers ranking. Users of specific interventions gave lower practicality scores (P<0.01). For 
those who used interventions: ‘Meal’ had the best (lowest) practicality score (P=0.003). The most realistic 
assessment of the practicality of an intervention is likely from those who implement the intervention. This 
survey allowed us to get input from a wide variety of pork producers and will provide a numerical estimate 
for practicality for use in a larger decision analysis project.

Poster topic 07 Poster 60

Poster topic 07 Poster 59



364 ISVEE – Book of Abstracts 2012

Prevalence of hepatitis E virus antibodies in serum samples of Austrian domestic pigs
Reisp, K., Revilla-Fernández, S., Wodak, E. and Schmoll, F., AGES Mödling, Institute for Veterinary Disease 
Control, Austria; katharina.reisp@ages.at

The ubiquitous nature of the Hepatitis E virus (HEV) in domestic pigs and the genetic similarity between 
porcine and human isolates of the genotype 3 supports the potential to be a zoonotic disease (1) The high 
seroprevalence of HEV antibodies in domestic swine from many Asian, North-American (2) and some 
European countries (3) has already been reported, indicating a worldwide distribution in swine herds. In 
Europe, the seroprevalence of anti-HEV antibodies (HEV-Abs) in domestic pigs ranges from 30% to more 
than 90% (4). For our study, serum samples from a total of 1,367 pigs out of 154 different farms were 
collected from different slaughter houses in Austria. The sample range varied between 1 to 34 animals per 
farm, giving an average of 8.9 tested pigs per herd. The samples were tested by PrioCHECK® HEV Ab 
porcine Kit (Prionics) to detect HEV-Abs, following the instructions recommended by the manufacturer. 
From 1,367 tested pigs, 630 (46%) were HEV-Ab positive. Concerning the 154 tested farms, in 118 (77%) 
of these farms a minimum of one animal was positive for HEV-Ab. On the other hand, in 36 (23%) of all 
tested farms no HEV-Abs were detected. In 16 of the 36 negative farms a minimum of 16 animals was 
tested, indicating a relative high percentage of Austrian farms beeing HEV-Ab negative. HEV-3 has been 
recently described in Austrian domestic pigs (3). The results obtained in this preliminary study lead to the 
assumption that the prevalence in Austria may be lower than reported in other countries like Spain (98%) 
or the USA (100%) (4).

Consumer conservation practices and consumption habits: the case of Serra da Estrela Cheese in 
Portugal
Guilherme, V., Vaz, Y. and Nunes, T., CIISA, Faculdade de Medicina Veterinária, Universidade Técnica de 
Lisboa, Portugal; yvaz@fmv.utl.pt

Despite their increasing concerns on food safety, consumers fail often to apply good practices in food 
handling, storage and preparation which may increase the risk of food borne outbreaks. This work aims at 
characterizing consumer practices related to conservation and consumption of Serra da Estrela cheese (a 
traditional matured soft sheep cheese). Consumers were approached in shopping areas of Oporto (north), 
Lisbon (center) and Algarve (south), during the period May to July 2011, when buying Serra da Estrela 
cheese or similar and provided with explanation of the study objectives. A kit was prepared including 
a temperature recorder (Thermochron ® 1921G) in a cardboard support covered with vegetal paper, a 
questionnaire, a pre-stamped envelope and a promotional pen. Enrolled consumers were asked to conserve 
the cheese on the support, in contact with the thermometer, and record the rate of consumption, aspects of 
family composition, people consuming the cheese and place of storage. After a week spent at consumer’s 
home, both questionnaire and thermometer were to be returned to researchers in postage-paid envelope. The 
number of consumers willing to participate were 51 and 39 returned the information (related to 107 persons), 
resulting on a response rate of 76%. Results indicated that only 2% belong to the pregnant/immunodepressed 
group, 13% were children, 21% over 60 years old and the majority, 64%, had between 15 and 59 years old. 
Average portions had 40.2 g (SD 57.1) and daily consumption per person was 106.5 g (SD 148.7). The 
refrigerator is the preferred storage in the warmer months (60%) and cheese is left at room temperature 
in the winter months. Data obtained from temperature data loggers varied between -0.5 °C and 34.5 °C 
(average of 17.0 °C). This study allowed the collection of quantitative data at consumer level, important 
for microbial risk assessment and for the understanding of possibilities of risk management at this level.
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Impact of intervention failures and vaccination on beef carcass E. coli O157contamination
Sanderson, M.W.1, Jacob, M.E.2, Dodd, C.C.3 and Renter, D.G.1, 1Kansas State University, Dept of 
Diagnostic Medicine/Pathobiology, USA, 2North Carolina State University, Dept of Population Health 
and Pathobiology, USA, 3U.S. Army, Public Health Command, USA; sandersn@ksu.edu

Substantial progress has been made in decreasing the contamination of beef with Escherichia coli O157. 
Previous efforts have focused primarily on slaughter interventions to decrease contamination. Still, 
occasional contaminated lots of meat are detected and outbreaks continue to occur. These contaminated 
lots are hypothesized to occur during ‘event’ days when several control failures converge to produce the 
contaminated lot of meat. This may be due to a combination of increasing quantity of O157 entering the 
slaughter facility on cattle, increased transfer from hides to carcasses, or the failure of control methods within 
the slaughter facility. Recently, vaccines have emerged as a tool in pre-harvest O157 control. Data indicate 
vaccines decrease prevalence and shedding concentration however they may also impact hide prevalence and 
concentration. Utilizing @Risk in Microsoft Excel we incorporated data from published scientific literature 
into a Monte-Carlo framework to estimate the prevalence and concentration of carcass contamination with 
E. coli O157 with and without vaccination and following a series of slaughter control failures. Vaccine 
efficacy was modeled based on published scientific literature. Additionally, the model examined the impact 
of a possible vaccine effect on hide prevalence and concentration of O157 on arrival at the slaughter facility. 
High hide to carcass transmission of O157 and low efficacy of carcass intervention in the slaughter process 
were modeled as control failures. Slaughter control failures markedly increased and vaccination decreased 
carcass O157 prevalence and concentration however the majority of the decrease was related to the potential 
impact on hide prevalence and concentration. These results indicate the need for research to evaluate the 
full range of vaccine effects in the value of vaccination to pre-harvest beef production.

Building a foundation for ‘One Health’: an education strategy for capacity development in 
epidemiology and biosecurity
Vink, W.D.1, Cogger, N.1 and Borman, B.2, 1EpiCentre, Massey University, New Zealand, 2School of Public 
Health, Massey University, New Zealand; W.D.Vink@massey.ac.nz

The emergence of diseases such as SARS, H5N1 and H1N1 influenza from animal source populations has 
exposed a global shortage of capacity in dealing effectively with such threats, and has been a driving force 
behind the ‘One Health’ movement. The likelihood of emergence of novel infections is the highest in the 
developing world, which is paradoxically where this capacity shortage is most acute. Capacity development 
is urgently required, and education is a key element of this. In 2010, Massey University established a 
predominantly distance-taught degree programme for public health doctors and veterinarians, with a focus 
on epidemiology and disease control. Two degrees were established: a Master of Public Health (Biosecurity), 
and a Master of Veterinary Medicine (Biosecurity). The programme was first offered to 70 participants 
from Afghanistan, Bangladesh, India, Nepal, Pakistan and Sri Lanka. The teaching model was determined 
by two fundamental considerations. Firstly, the courses were designed specifically for online delivery, 
so that the candidates could remain in their functions. The courses adopted ‘best practice’ in e-learning 
techniques; they emphasized effective collaboration, problem-based learning, small-group activities and 
facilitated discussion. Secondly, the courses were designed to contain relevant subject matter. The curriculum 
consisted of one block of basic epidemiology courses, which was taken by all candidates, followed by a 
block of veterinary and public health specialty courses. The attrition rate over the 15-month duration was 
low, and the courses were positively evaluated by the participants. A positive outcome was the forging 
of linkages between veterinarians and public health professionals, as well as between professionals from 
different countries. To strengthen such collaborations, further activities, which aim to develop a regional 
‘One Health’ professional network, are currently underway.
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A relational study between ante-mortem findings and post-mortem condemnations in three beef 
abattoirs
Carroll, D.1, Kennedy, T.2 and Mckevitt, A.1,3, 1Univeristy of Ulster, United Kingdom, 2Department of 
Agriculture, Ireland, 3University College Dublin, Ireland; tomvet@eircom.net

All cattle presented for slaughter undergo ante mortem (AM) examination and are categorised into 3 groups: 
(1) casualty animals accompanied to the slaughterhouse with a veterinary certificate; (2) remarkable animals 
that present without certification but have defects identified at AME; and (3) apparently healthy animals 
(AHA). post mortem (PM) condemnation of meat is regarded as the ultimate definition that an animal 
or part of is unfit for human consumption,This study examines certification, AM and PM data in 3 beef 
abattoirs over a 3 year period. 216 certificates were examined. 763 animals had all or part of their carcasses 
condemned at PM. Casualty animals accounted for 14.5% of all condemnations and 11.3% of full carcass 
condemnations. AHAs accounted for 69% of full carcass condemnations. Emaciation, oedema and toxic 
conditions accounted for 80% of full carcass condemnation from AHAs and therefore went undetected at 
AM resulting in high risk animals being slaughtered amongst truly healthy animals and are a potential source 
of cross-contamination. Such findings highlight the need for enhanced AM detection of these conditions in 
the development of a more risk based meat inspection system. The present study prompts research into the 
practical application of body condition scoring and the development of rapid detection methods for acute 
phase proteins and serum albumen levels to aid enhanced AM.

Risk factors and control of Salmonella enterica in Danish broiler flocks 2001-2011
Agger, J.F., Hasan, M.T. and Kyvsgaard, N.C., Dept. Large Animal Sciences, Faculty of Health and Medical 
Sciences, University of Copenhagen, Denmark; jfa@life.ku.dk

The objective was to identify risk factors and to evaluate the effect of legal orders during the study period. 
The study was based on data from the Danish Salmonella database. Sock samples from the litter of 37428 
broiler flocks were collected 3 weeks before slaughter and tested for the presence of Salmonella enterica. The 
exposure variables comprised hatchery, number of flocks and houses per farm, season, year, geographical 
region and number of flocks per house per year per farm. The data were analysed in multivariable logistic 
regression with random effect of farm and with the broiler flock as the response unit. All cases were 
considered incidents as parent stock tested negative for many years. The overall incidence risk was 1.36% 
with 509 test positive flocks during the period. The annual incidence risk varied from 1% in 2001 to 2.1% 
in 2005 followed by a general decrease from 2005 to 2011 with only 0.6% flocks infected. The final model 
included all exposure variables except hatchery. The odds ratio (OR) increased with decreasing number 
of flocks and increasing number of houses per farm, and when number of flocks per house per farm year 
was ≥3.5. The OR was higher during summer and autumn compared to winter and spring. The OR varied 
significantly among regions and among years. Danish poultry producers initiated a voluntary control 
program by 1992 and since 1994 nine legal orders have been issued; 5 of these were enforced during the 
study period in 2003, 2005, 2008, 2009 and 2010. Major intervention points have been implementation of 
sock sampling 3 weeks before slaughter; request of farm eradication plans; longer empty periods between 
flocks and public supervision in positive farms. Concurrently there has been a declining trend in the incidence 
risk since 2005. The results indicate there is an effect of legal orders, and that infections of broiler flocks 
take place in the rearing units, most likely due to insufficient biosecurity procedures.
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Active surveillance for MRSA in the environment and canine patients of a small animal teaching 
hospital
Hoet, A.E., Van Balen, J., Kelly, C., Nava-Hoet, R., Bateman, S., Hillier, A., Dyce, J. and Wittum, T., The 
Ohio State University, College of Veterinary Medicine, USA; hoet.1@osu.edu

Infectious disease prevention and control programs are critical for managing pathogens such as Methicillin 
Resistant Staphylococcus aureus (MRSA) in veterinary hospitals. To understand the molecular epidemiology 
and ecology of this bacterium in the hospital environment, an active MRSA surveillance program was 
established at the OSU Veterinary Medical Center. Molecular epidemiological analysis was performed on 
environmental and canine-origin MRSA isolates. Antimicrobial susceptibility testing, SCCmec typing, 
PFGE typing, and dendrographic analysis were used to characterize and analyze these isolates. Overall, 
13.7% of the surfaces sampled were contaminated with MRSA through the year. During this time, 91.4% 
of the environmental isolates collected were SCCmec type II and 88.9% USA100, which is consistent with 
HA-MRSA. This reflects a low diversity of MRSA strains circulating in the hospital. One unique PFGE 
pulsotype was the most prevalent for 5 consecutive months, circulating among different surfaces and hospital 
locations. It was later replaced by a combination of several different strains, some of which were only 
detected once on one surface, and others that were found up to 4 consecutive months in different locations 
and surfaces. The molecular analysis of isolates also suggested that incoming MRSA positive dogs were 
capable of introducing a new strain not previously seen in the hospital environment. Based on these results, 
it is evident that once a MRSA strain is introduced into the hospital, it can be easily spread and maintained 
in the environment over time. This information has been used to develop biosecurity and biocontainment 
protocols with the goal of decreasing student and personnel occupational exposure to MRSA, in addition to 
protecting our patients and their owners from potential nosocomial or zoonotic transmission of this pathogen.

What the eye doesn’t see: ‘visual’ versus traditional inspection of ‘free-range’ fattening pigs
Tongue, S.1, Oliva-Abascal, R.1, Evans, J.1, Mccrone, I.2, Webster, C.1, Humphry, R.1, Armstrong, D.3, Tucker, 
A.2, Gunn, G.1 and Sanchez-Vazquez, M.1, 1SAC, ERU, United Kingdom, 2University of Cambridge, Dept 
of Vet Med, United Kingdom, 3BPEX, United Kingdom; sue.tongue@sac.ac.uk

Modernisation of post-mortem inspection regulations in the EU means that, if certain requirements are met, 
fattening pigs reared under controlled housing conditions in integrated production systems since weaning 
need only undergo visual inspection. This does not involve palpation and incisions and may reduce the 
risk of cross carcass contamination. Uptake by the UK pig industry has been low because slaughterhouses 
accept a mixture of indoor and outdoor reared pigs throughout the day; the latter still have to be inspected 
by traditional means. A qualitative risk assessment of the comparative risks to public and animal health from 
visual inspection of indoor and outdoor pigs concluded that the risk was negligible for all pigs. However, 
there were insufficient data to assess if there would be a reduction in food-borne risk due to reduced 
microbiological carcass contamination. Our study is a field trial of visual versus traditional meat inspection 
of fattening pigs from non-controlled housing conditions. Field work is on-going until April 2012. Batches 
of such pigs are inspected by both visual and traditional methods and carcass sponge samples are taken 
from a subset of pigs on the slaughter line after each of the inspection points. The microbiological work 
includes total aerobic plate counts; Enterobacteriaceae counts, and the isolation of Salmonella and Yersinia. 
Obstacles to the implementation of a risk-based visual-only inspection system are also being investigated. 
The data generated from these investigations will be used to inform a comparison between the two inspection 
methods, to re-assess the risks to animal and public health and to determine the impact of implementation 
of a risk-based visual-only inspection system for all UK pigs. We present the outcomes from this study.
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Meta-analysis to evaluate efficacy of a three-dose regimen of type III secreted protein vaccine at 
reducing the presence of STEC O157 in the feces of feedlot cattle
Vogstad, A.R.1, Moxley, R.A.1, Erickson, G.E.2, Klopfenstein, T.J.2 and Smith, D.R.1, 1University of Nebraska-
Lincoln, School of Veterinary Medicine and Biomedical Sciences, USA, 2University of Nebraska-Lincoln, 
Department of Animal Science, USA; dsmith8@unl.edu

Pre-harvest control of Escherichia coli O157:H7 (STEC O157) might prevent human illness by decreased 
carriage by live cattle and reduced transmission to carcasses or the environment. Immunization of cattle with 
a type III secreted protein (TTSP) vaccine inhibits colonization of cattle. Our objectives were to perform 
a meta-analysis to estimate efficacy of a three-dose regimen of TTSP vaccine at reducing the presence of 
STEC O157 in the feces of feedlot cattle, and to test for heterogeneity of vaccine effect. Pen-level data 
(n=182 pens, 1,462 cattle) from four natural exposure randomized controlled vaccine trials conducted from 
2002-2008 at the University of Nebraska-Lincoln were analyzed. Factors explaining the probability for a 
positive fecal sample were tested in a generalized estimating equations (GEE) logistic regression model 
adjusting for clustering of repeated test-periods within block. Clustering or potential confounding by study 
was accounted for by treating study as a fixed effect. Relative risk was estimated from a log-binomial GEE 
model. STEC O157 was detected from 661 of 5,451 post-vaccination samples. The probability to detect 
STEC O157 post-vaccination was 8.4% and 15.8% in vaccinated and unvaccinated cattle, respectively. 
Interactions between vaccination and (1) study; (2) prevalence of control pens within each time-place 
cluster; and (3) days from vaccination were not significant or had poor model fit. Adjusting for study, cattle 
in pens receiving three doses of vaccine were less likely to shed STEC O157 (OR=0.46 P<0.0001). Model 
adjusted vaccine efficacy was 48% (95% CI, 0.38-0.58). We concluded that a three-dose regimen TTSP 
vaccine reduced the probability to detect STEC O157 in the feces of cattle, and vaccine efficacy was not 
modified by factors we measured.

Leptospirosis Incidence and Risk Factors in Meat Workers in New Zealand
Dreyfus, A., Benschop, J., Wilson, P., Collins-Emerson, J. and Heuer, C., Institute of Veterinary, Animal and 
Biomedical Sciences, Massey University, New Zealand; a.dreyfus@massey.ac.nz

Leptospirosis is an endemic bacterial disease of sheep, beef cattle and deer in New Zealand and currently 
the most important occupational zoonotic disease in meat-workers and farmers. Apart from dairy cattle 
and pigs, livestock are rarely vaccinated. A study in meat workers revealed a sero-prevalence against L. 
interrogans sv Pomona (P) and/or L. borgpetersenii sv Hardjobovis (H) of 10-31% in 4 sheep, 19-17% in 
2 deer and 5% in 2 beef plants. The objectives of this study were to determine the incidence of leptospirosis 
infection in meat workers, to estimate the relative risk of putative causes of infection with Leptospira, and 
to evaluate the proportion of workers in the population with flu-like disease attributable to new infections. 
We conducted a cohort study in 8 abattoirs slaughtering sheep, cattle or deer. Sera were collected twice from 
592 participants in 2008-2009 or 2009-10 and tested by the Microscopic Agglutination Test for P and H. 
Information on risk factors including personal data, workplace, lifestyle and clinical history were recorded 
and analysed by multifactorial logistic regression. Forty-nine of 592 (8%) participants seroconverted to 
either P and/or H. Forty-seven of the newly infected persons worked in sheep plants. In sheep plants, 
the annual meat plant specific infection risk was 12%. In workers of plants processing other species, the 
incidence was 0% (deer) and 1.2% (mainly beef cattle). Risk factors for new infection in sheep plants were 
worker position and time worked in the meat industry. The average annual risk of experiencing flu-like 
symptoms due to infection with Leptospira was 2.7%. The seroconversion demonstrated significant exposure 
to the two tested Leptospira serovars in sheep meat workers. Estimates of the contribution of Leptospira to 
‘flu-like’ illness and days away from work are helpful for estimating the economic impact of leptospirosis. 
The identified risk factors and possible control measures will be discussed in detail.
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Use of simulation to calculate sampling unit probabilities to be in the sample
Piaggio, J.1, Gil, A.1 and Sanchez, J.2, 1UDELAR Facultad de Vetrinaria, Biostatistics, Uruguay, 2Atlantic 
Veterinary College, Prince Edward Island, Canada; jopia@adinet.com.uy

Data analysis from surveys should consider design features to make parameters population estimations, 
so it being necessary to know the probability of each sampling unit entering the sample. Many times these 
probabilities cannot be determined exactly and must be calculated approximately. Simulating, a large enough 
number of random samples, it is possible to calculate the relative frequencies of inclusion of each unit in the 
sample. The objective of this study is to show a simulation routine as an effective tool to determine these 
probabilities compared with the exact probability. As example was used a sampling design for the primary 
sampling units (PSU) proportional to population size (PPS): in 21 slaughter plants, taking samples of size 
5. The population size variable was the volume exported by the different plants. 10,000 replicates were used 
and the simulation results were compared to those obtained using the exact probabilities, generating the 
sample space and calculating the exact probability of each sample. All routines were done in Intercooled 
Stata v.12. The simulation results suggest that the inclusion probabilities of each unit may be determined by 
simulation of the sampling routine. The methodology proposed by simulation is simple and can be applied 
to any sample regardless of its complexity, to be precisely matched to the design used.

The parasitic phase of Ostertagia ostertagi and Cooperia oncophora: quantification of life history traits 
using systematic review and meta-analysis techniques
Verschave, S., Vercruysse, J., Claerebout, E., Geldhof, P. and Charlier, J., Ghent University, Department of 
Virology, Parasitology and Immunology, Belgium; sien.verschave@ugent.be

Ostertagia ostertagi and Cooperia oncophora are the two most common gastro-intestinal (GI) nematodes of 
cattle in temperate climate regions and pose important constraints on animal productivity. These nematodes 
have a direct life-cycle, consisting of a free-living and a parasitic phase. During the parasitic phase, three 
parameters that determine the parasite density within the host are the establishment rate, adult mortality rate 
and fecundity rate. Transmission models and nematode control will benefit from more accurate estimates of 
these life history traits and their variation. The aim of this study is therefore to quantify the three main life 
history traits of the parasitic phase of O. ostertagi and C. oncophora and to assess factors affecting these 
traits. A literature search was conducted using a systematic review protocol to find experimental trials in 
which cattle were infected with O. ostertagi or C. oncophora. Using general keywords a first search resulted 
in 5,266 potential publications. Next, a title-based selection generated 400 infection trials. An article-based 
selection resulted finally in only those trials which contained the needed data on infection mode and dose, 
number of animals used, host age, faecal egg counts and intestinal worm burden. Summary estimate data 
of the different trials were used to compute overall estimates of the life history traits by inverse variance 
weighting. Subsequently, these data were compared to data from 8 infection trials conducted in our own 
laboratory. Finally, probability density functions were fitted to the data and a set of regression models was 
used to evaluate the influence of host age, infection mode and dose, number of infections and duration of 
exposure.
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Modeling the observed population dynamics of Ixodes ricinus in Europe depending on weather 
variables
Chalvet-Monfray, K.1,2, Prangé, A.3 and Beugnet, F.4, 1INRA, UR 346 Epidémiologie Animale, France, 
2Université de Lyon – VetAgro Sup – Campus vétérinaire de Lyon, France, 3Service de santé des armées, 
France, 4Merial SAS, France; k.chalvet-monfray@vetagro-sup.fr

The hard tick Ixodes ricinus is a Europe-wide major vector of animal and human diseases. Like all arthropods, 
I. ricinus populations are subject to large fluctuations during the different seasons. These variations are 
due in part to the climate variability and the circadian rhythm. A better understanding of the relationship 
between abiotic variables and observed tick abundance allows a better prediction for the periods of high or 
low tick abundance, hence a possibility of a better risk assessment. The objective of this work was to obtain 
a statistical model describing the population dynamics of I. ricinus from astronomical and meteorological 
variables. A campaign of collect ticks in open environments (mainly forests) has been implemented in 
France, Belgium and the Netherlands, based on the principle of collecting ticks every two weeks for a full 
year. In different sites, the observed data have resulted in a population dynamics of I. ricinus . Furthermore, 
for different sites, it was possible to get rainfall, temperature, relative humidity and day length data. We 
then built a first generalized linear mixed model to estimate abundance of ticks I. ricinus where the site is 
taken as a random variable. The equation of the model is: -Natural logarithm (number of (I. ricinus 1)) = 
f(weekly maximum temperature, minimum relative humidity weekly, monthly precipitation, day length). 
With f() representing a function. A Spearman correlation coefficient of 0.517 significant (P<0.001) was 
obtained for the comparison between the simulated data obtained by the statistical model and the observed 
data collected on sites that did not serve to build the model.

The use of log-linear capture-recapture modelling to estimate turkey farm population in Canada
El Allaki, F., Vallières, A. and Christensen, J., Canadian Food Inspection Agency, Canada; 
Jette.Christensen@inspection.gc.ca

Countries with incomplete farm registries also conduct surveillance to confirm freedom from diseases 
therefore they need additional options to present the surveillance results.The log linear capture-recapture 
(CR) modelling approach was originally proposed by Feinberg in 1972 and has been used to estimate 
parameters of biological populations. The Log linear CR modeling approach has been used for multiple 
systems estimation, which involves more than two sampling lists of the members of a population. One of 
the major advantages of log-linear models is to adjust for sampling lists dependencies. The purpose of this 
paper was to estimate the turkey farm population size in Canada based on series of poultry farm population 
samples, collected by the Canadian Notifiable Avian Influenza Surveillance System (CanNAISS) pre-
slaughter component, from 2009 to 2011. From CanNAISS pre-slaughter component we have three farm 
sampling lists (k) 2009, 2010, and 2011 with 227, 256, and 330 turkey farms respectively. A list consisted 
of all turkey farms sampled during a given year. Log-linear CR modelling was applied on three turkey farm 
sampling lists. In this approach, data are on a form of 2k contingency table for which the cell corresponding 
to individuals uncaptured by any of the k sampling lists is missing. With three lists, there were eight different 
possible CR log-linear models, each associated with a distinct estimate. We used the Akaik Information 
Criterion to select the best model fitting the data. The 95% confidence interval of the estimated number 
of farms was calculated in SAS using the profile likelihood method. The use of log-linear CR modelling 
approach was appropriate for estimating the number of turkey farms in Canada.
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Documenting livestock movements in the Far North Region of Cameroon
Moritz, M., Garabed, R., Moreno-Torres, K., Chen, Y.-J., Xiao, N., Healy, J. and Pomeroy, L., The Ohio 
State University, Anthropology, USA; garabed.1@osu.edu

The goal of our project is to understand the epidemiology of infectious diseases in the ecological context 
of networks of host movements. Specifically, we want to know how livestock movements affect the 
epidemiology of Foot-and-Mouth Disease (FMD) in the Far North Region of Cameroon and how the 
FMD virus (FMDV) behaves in this endemic setting. The region is characterized by relatively high cattle 
densities ranging from 25 to over 100 animals per square kilometer and a total population of approximately 
650,000 animals managed by both mobile and sedentary pastoralists. Regional and international livestock 
trade routes intersect with the seasonal transhumance routes and pastures used by pastoralists in the region. 
Although the government collects data on the number of animals vaccinated and sold on the markets, there 
is no data on the seasonal movements of mobile pastoralists or the trade cattle moving through from Chad 
to Nigeria. In order to document these multiple and overlapping networks of livestock movements we use 
a combination of GPS technology and ethnographic methods, including surveys, observations, and semi-
structured interviews. In this poster we discuss our methods for data collection and analysis as well as the 
products and how these help us to understand the ecology of Foot-and-Mouth Disease.

Development of a critical appraisal tool for cross sectional studies
Downes, M.J., Stavisky, J., Grindlay, D., Dean, R. and Brennan, M., The University of Nottingham, School 
of Vet Med & Sci, United Kingdom; martin.downes@nottingham.ac.uk

Evidence based medicine is highly dependent on the ability to critically appraise available literature. There 
are currently numerous critical appraisal (CA) tools available for observational studies such as cohort and 
case control studies; however there seem to be limited tools for cross sectional studies. With this in mind 
we aimed to develop a CA tool specifically for cross sectional studies. Areas that needed to be included in 
the critical appraisal tool were identified by the authors. A first draft of the tool was created using previously 
published CA tools for other types of study as a template. STROBE, reporting standards for observational 
studies, was also used as a guideline as to what should be included in the CA tool. The CA tool was trialled 
with colleagues within the Centre for Evidence-based Veterinary Medicine, the Population Health and 
Welfare group within The University of Nottingham, and the Centre for Veterinary Epidemiology and Risk 
Analyses in University College Dublin. The trials were conducted using different research papers of varying 
quality that used cross sectional study design methodology. The CA tool was also distributed to an online 
forum of experts in evidence based veterinary medicine. The analysis identified 30 components that needed 
to be included in the critical appraisal of cross sectional studies. From each component, one question was 
created by the research group. The resulting instrument was judged to have good measure of inter-rater 
agreement, but this seemed to be dependent on the quality of the study. A CA tool for the ‘assessment of 
cross sectional study design’ (ACSSD) has been developed. Continued work is required to verify the tool 
with a focus on the reproducibility of ACSSD in a wider community of researchers.
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A community resource for spatial, temporal and food chain epidemiological modelling to assess risks 
in bio-terroristic or agro-terroristic crisis situations
Falenski, A.1, Thoens, C.1, Filter, M.1, Kaesbohrer, A.1, Appel, B.1, Kaufman, J.H.2, Edlund, S.2, Davis, 
M.2, Douglas, J.V.2 and Hu, K.2, 1Federal Institute for Risk Assessment, Department Biological Safety, Unit 
Epidemiology and Zoonoses, Germany, 2IBM Research Division, Almaden Research Center, San Jose, CA, 
USA; alexander.falenski@bfr.bund.de

The intentional contamination of food chains with bio-terroristic or agro-terroristic agents is a significant and 
non-negligible threat. In 2009, the European Commission implemented the CBRN action plan obligating all 
EU member states to improve preparedness and response capabilities with respect to such threats. As part 
of the EU-funded AniBioThreat research project, an epidemiological community resource for governmental 
and scientific bodies applicable in crisis situations (including natural disease outbreaks) is proposed. Freely 
available at http://www.eclipse.org, the Spatiotemporal Epidemiological Modeler (STEM) provides a fully 
developed open-source software infrastructure for model generation, parameter estimation, simulation and 
documentation. This framework is extended by a library of animal and human disease models from scientific 
literature. Maps of administrative boundaries, transportation networks and associated data (e.g. discrete 
transportation events) can be imported, enabling the integration of real-world commodity flow data into 
simulations. The generic structure for representation of epidemiological data, transport processes, disease 
models and contamination scenarios supports an efficient information exchange between stakeholders 
involved in crisis situations. The framework allows the execution / simulation of user-defined intervention 
scenarios which could support decision making by risk managers. As a proof-of-concept, the distribution of 
Salmonella from animals to humans via consumption of contaminated meat has been modelled. Simulation 
results are discussed in the context of available epidemiological data on Salmonella prevalence on farm 
level and human salmonellosis cases in Germany.

Characterization of cattle transit in the states of Paraná and Santa Catarina, Brazil, 2008
Felipe, P.L.S., Haddad, J.P.A., Nicolino, R.R. and Capanema, R.O., Universidade Federal de Minas Gerais, 
Department of Preventive Veterinary Medicine, Brazil; rafa_uenf@hotmail.com

The international trade rules and the requirements of commercial partners of Brazil in the beef market makes 
animal defense organisms provide greater accuracy in control of their health products. This work aims to 
inform research institutions and market chain meat through a methodology of an epidemiological study 
based on GIS, which aims to characterize the movement of cattle in the States of Parana and Santa Catarina 
in 2008. The need for the state of Parana become free without vaccination and the state of Santa Catarina 
maintain their free status without vaccination for FMD, and thereby both increase the area of performance 
in the export of meat products, demonstrates the importance of knowledge of these regions to encourage 
programs of prevention, control and eradication of disease in general. The characterization of the geographic 
areas was divided into three stages: descriptive analysis, spatial analysis and networking flow analysis. These 
studies were generated through a database provided by the Ministry of Agriculture, Livestock and Supply. 
The State of Paraná showed some regionalization of flow between the regions of bovine origin and the 
poles of slaughter, both focused on the north and northwest. The State of Santa Catarina has been focused 
its slaughter poles in east and southbound, but animals’ origin are from different regions of the State. The 
methodology of this study intends to contribute as an exploratory tool for implementation of strategic actions 
in systems of surveillance. Funding: CNPq, FAPEMIG and INCT-Pecuária.
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Modelling foot and mouth disease transmission in a wild-pig-domestic cattle ecosystem
Garner, M.G.1, Cowled, B.D.1,2 and Ward, M.P.2, 1Animal Health Policy Branch, Department of Agriculture, 
Fisheries and Forestry, Australia, 2University of Sydney, Faculty of Veterinary Science, Australia; 
graeme.garner@daff.gov.au

The role of wild animal species in outbreaks of important exotic diseases, such as foot-and-mouth disease 
(FMD), is a concern in many countries. Disease models have been used to understand disease transmission 
in wildlife, but to date much of the modelling has been limited by methodological issues and lack of 
quality data. In Australia, wild pigs are considered to be particularly important because of their widespread 
distribution and contact with domestic livestock. To assess the potential role of wild pigs in an FMD 
incursion a good understanding of many factors is required including: wild pig distribution and densities; 
social organisation and group structures, movement distances, distribution and densities of other susceptible 
species; and seasonal effects. In this presentation we will describe the development and application of 
a stochastic spatial simulation model for studying FMD in a wild pig-domestic cattle ecosystem in the 
Kimberley region of Western Australia. The study region covers a remote, sparsely populated pastoral area 
(15,000 km2) in northern Australia and contains approximately 80,000 cattle on 6 pastoral leases, and 3,500 
wild pigs. The model (coded in the MapInfo/MapBasic® geographical information system software) takes 
into account important ecological, behavioural and geospatial relationships, such as interaction between the 
different host species, and the distribution, density and connectivity of the wild pig and cattle populations. 
It has been has been underpinned by detailed surveys and data collection in the field.

Qualitative risk model to estimate bovine rabies occurrence in Brazil
Braga, G.B.1, Leite, B.M.2, Santos, E.F.S.2 and Dias, R.A.1, 1University of Sao Paulo, Department of 
Preventive Veterinary Medicine and Animal Health, Brazil, 2Brazilian Ministry of Agriculture, Livestock 
and Food Supply, Animal Health Department, Brazil; guibraga@vps.fmvz.usp.br

Bovine rabies is still considered endemic in Brazil and despite the control efforts, the disease still spreads in 
an insidious way and the main vector is the vampire bat, Desmodus rotundus. This project aimed to create 
a predictive model to estimate the probability of bovine rabies outbreaks in each municipality of 21 out of 
27 Brazilian States. The risk was estimated using concepts of receptivity and vulnerability. Questionnaires 
were sent to the Local Veterinary Units of each State and covered a number of questions related to the 
surveillance of possible risks, such as: bovine outbreaks, active roosts, bats positivity and spatial changes. 
The bovine density and geomorphologic features were obtained from national registries and geographic 
information systems. The risk results where compared with the 417 bovine outbreaks in 2010 distributed 
throughout the municipalities. Out of 5,016 municipalities accessed, 217 (4.3%) were rated as having a 
high risk for the virus spread, 1,277 (25.5%) as medium risk, 2,045 (40.8%) as low risk, and 544 (10.8%) as 
negligible risk. In 933 (18.6%) cases the risk was unable to be determined because the lack of information. 
From 417 municipalities presenting herbivores outbreaks in 2010, 183 (43.9%) were rated as high risk, 196 
(47.0%) as medium, 23 (5.5%) as low and in 15 (3.6%) the risk was not determined. The results showed 
that places with outbreaks were skewed towards areas with higher risk for the virus spread. In the future, 
these models could allow the targeting of efforts, adoption of control measures directed to certain locations, 
optimization of the control team’s transit and a better understanding of rabies spread. Additionally, efforts 
need to be made to stimulate the continuous surveillance of risk and reduce areas with lack of information.
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Simulation model for the spread of bovine tuberculosis within France cattle herds
Bekara, M.1, Bénet, J.2 and Durand, B.1, 1French Agency for food, Environmental and Occupational Health 
& Safety, France, 2National Veterinary School of Alfort, UMC, France; bekara1985@yahoo.fr

France obtained the bovine tuberculosis free status in 2001 by the European Union. However, the disease 
incidence recently increased in some departments like the Dordogne, since 2004, and the Côte d’Or, since 
2007. Several hypotheses were formulated about the factors supporting the persistence of the disease in 
this current form (characterized by a low number of animals infected by herd) like the herd type, beef 
herds being predominant in the Dordogne and Côte d’Or. We built in this work a model of the within 
herd transmission of bovine tuberculosis, with an aim of understanding the impact of herd management 
practices on the dynamics of the disease. The model is a discrete time deterministic model. Four health 
states are considered: susceptible (S), infected without visible lesion but positive with the tuberculin (PPD) 
intradermal test (I1), infected with partial seizure of the carcass (I2) and infected with offals or total carcass 
seizure (I3). Several parameterizations were elaborated and compared according to the Akaike’s information 
(AIC). The best parameterization used the frequency-dependent transmission function, and two estimated 
transmission parameters (β2 and β3, corresponding to the transmission from animals I2 and I3, transmission 
from I1 animals being considered null). A stochastic version of the model was exploited using the estimated 
parameter values. Two fictive herds dairy and beef were simulated (n=100 animals) to analyze the effect of 
the yearly culling rate, and of the maximal cows age. Results showed that both variables have a long-term 
effect on the dynamics of the tuberculosis in beef herds, whereas only the maximal cows age has an effect 
in dairy herds.

Assessing surveillance: impact of time to detection on size of foot and mouth disease outbreaks
Garner, M.G.1, Roche, S.E.1, Wicks, R.M.1, East, I.J.1 and Martin, P.A.J.2, 1Department of Agriculture, 
Fisheries and Forestry, Australia, 2Department of Agriculture and Food, Western Australia, Australia; 
graeme.garner@daff.gov.au

Australia is a significant exporter of livestock and livestock products. This trade is assisted by a favourable 
animal health status. However, increases in international travel and trade, and domestic factors such as land 
use changes, have resulted in greater risks of exotic and emerging diseases, while public sector resources 
available for managing risks are static or declining. The need to develop a more consistent national approach 
to surveillance that allocates resources, according to regional risk profiles has been identified. A study was 
done to identify and describe risk of occurrence of significant diseases, with Australia divided into 12 
livestock production regions on the basis of environment, geography, livestock production and marketing 
systems. The effects of time to detection on the size of an outbreak of foot and mouth disease (FMD) 
were assessed through disease modelling. For each of the regions, 1000 model iterations were run, over 
a period of five weeks without controls, with the index farm and time of year selected randomly to allow 
for variation depending on where and when FMD is introduced. Information was collected on whether the 
disease established, mechanisms of spread, number and type of infected farms and spread to other regions, 
enabling the relationship between outbreak size and time to be quantified. The study found considerable 
heterogeneity in size of potential outbreaks between regions. There was minimal spread in northern Australia 
(regions 1-4), but in the more intensive southern areas (regions 7-12) FMD spread rapidly, indicating 
that delays in detection would have serious ramifications. The work has highlighted the importance of 
taking regional and seasonal factors into account when assessing disease risks and has provided valuable 
information to assist preparedness planning in terms of resources required for managing FMD outbreaks 
in different parts of the country.
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Fractional polynomials for modelling continuous predictors
Dohoo, I.R.1, Vanderstichel, R.1, Nielsen, L.R.2 and Stryhn, H.1, 1University of PEI, Centre for Veterinary 
Epidemiological Research, Canada, 2University of Copenhagen, Large Animal Sciences, Denmark; 
dohoo@upei.ca

Good modelling practice in epidemiological studies involves evaluation of the linearity of the relationship 
between any continuous predictor and the outcome in any sort of regression model. If the assumption is 
evaluated and found to be violated, categorization of the predictor is frequently employed to rectify the 
situation. However, this involves assuming a stepwise relationship exists between the predictor and the 
outcome, and this is not usually biologically tenable. The use of a polynomial function of the predictor 
has the potential to avoid the loss of information associated with categorization. In particular, fractional 
polynomials may be used to model a wide range of shapes of relationships with only a few predictors, hence 
balancing the twin objectives of good fit and parsimony. Fractional polynomials are generally more flexible 
than conventional polynomial, but remain somewhat resistant to local-influences, making them suitable for 
predictions. The use of fractional polynomials involves identifying the best combination of power terms 
from a predefined set of power terms (usually: -2, -1, -0.5, 0, 0.5, 1, 2, 3 plus combinations with the log 
transformation). Models of different degree (number of power terms) can be compared using the Akaike 
Information Criterion. The use of fractional polynomials will be demonstrated using some synthetic data 
along with data from 2 recently completed studies. The first is an evaluation of the relationship between 
ELISA optical density ratios (ODRs) from an Ostertagia antibody ELISA (the continuous covariate) and 
milk production response to anthelmintic treatment in dairy cows. The second example is the use of fractional 
polynomials to model a number of important confounders in a survival analysis of the effects of Salmonella 
ELISA test status on time to culling in dairy cows.

Managing farms that develop welfare problems during an exotic disease response: a modelling and 
economic evaluation
Roche, S.E. and Garner, M.G., Department of Agriculture, Fisheries, and Forestry, Australia; 
sharon.roche@daff.gov.au

An outbreak of Foot and Mouth disease (FMD) in Australia would have devastating impacts on the Australian 
economy, including the immediate loss of international market access, disruptions to domestic markets, and 
the slaughter of thousands of animals. Consequently, Australia invests considerable resources in emergency 
disease response planning. One issue that has been identified as a concern is that movement restrictions 
implemented to control an outbreak may lead to serious animal welfare problems as animals are prohibited 
from moving off farm as part of normal management practices. Intensive pig farms are likely to be at 
high risk of developing welfare problems during an FMD outbreak given their limited capacity to house 
growing pigs. A modelling study was undertaken to assess welfare compensation issues and costs that may 
arise during an outbreak of FMD in Australia. FMD outbreaks were simulated in two intensive livestock 
production regions. For each region, moderate and severe outbreak scenarios, with four control strategies 
involving stamping out, pre-emptive slaughter or vaccination were assessed. Three welfare management 
strategies involving full or partial culling or controlled movement to slaughter were evaluated. An economic 
evaluation was performed to compare the impacts of the various strategies. Key findings from the study 
were that under moderate outbreak scenarios when resources are adequate there is minimal difference 
in outbreak size and duration between control strategies, and welfare issues can be managed effectively 
with minimal impact on the overall response. Under the severe scenarios, alternate control strategies (e.g 
vaccination) were more likely to be effective in controlling the outbreak and reducing welfare impacts. 
The majority of the costs incurred during an outbreak were due to export market closures. The results of 
the study will aid decision makers in disease preparedness planning by identifying effective management 
strategies that reduce welfare problems.
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Epidemic simulation of an FMD outbreak in Minnesota, USA
Gale, S.B.1, Eshelman, C.E.1, Miller, G.Y.1,2 and Wells, S.J.1, 1Center for Animal Health and Food Safety, 
University of Minnesota, St. Paul, MN 55108, USA, 2Department of Pathobiology, University of Illinois, 
Urbana, IL 61802, USA; galex066@umn.edu

Foot-and-mouth disease (FMD) is a trans-boundary disease occurring regularly around the world generating 
international concern. Currently endemic in many regions, outbreaks of FMD have occurred over the past 15 
years in several countries that have historically been FMD-free. The objective of this study was to simulate 
the spread and control of FMD in Minnesota (MN) using the North American Animal Disease Spread 
Model (NAADSM). FMD response plans of USDA and MN focus on disease eradication. These plans 
informed aspects of the model related to disease control including movement restrictions, depopulation, and 
surveillance. Also, direct and indirect contact rates (MN specific), and airborne spread are used in NAADSM. 
The simulated FMD outbreaks (1000 model iterations) begin in and are limited to MN. Livestock premises 
included in the study area were MN dairy, beef, swine, sheep and goat units. These industries accounted 
for 33% of total state farm receipts in 2010. Farm size and locations were supplied by the MN Board of 
Animal Health. The simulated outbreaks began in central MN in one of two major livestock sectors (dairy 
or swine). This study describes the range of epidemiological results associated with the spread of FMD in 
MN. Summary statistics include mean number of infected herds and animals, mean duration of outbreak, 
mean duration of active disease spread, and total herds and animals destroyed. The type of herd initially 
infected influenced the outcome. Preliminary results indicate that when infection starts in a dairy, the mean 
number of animals infected was about 62,000. The maximum infected over 8 million (85% of susceptible 
livestock in MN) which occurred in less than 1% of iterations when FMD became endemic.

An experimental and modelling study on the mechanisms of indirect transmission
Van Bunnik, B.A.D.1,2, Ssematimba, A.1,2, Hagenaars, T.J.1, Nodelijk, G.1 and De Jong, M.C.M.2, 1Central 
Veterinary Institute, Epidemiology, Crisis Organisation & Diagnostics, Netherlands, 2Wageningen 
University, Quantitative Veterinary Epidemiology, Netherlands; bram.vanbunnik@wur.nl

Untraced indirect transmission between farms is often witnessed during epidemics of livestock disease. 
Recent examples include epidemics of avian influenza virus, classical swine fever virus and foot and mouth 
disease virus. A better insight into the underlying mechanisms of this form of transmission is needed to 
be able to fight epidemics better. In this study we used a novel experimental setup in which the indirect 
transmission of two different pathogens between spatially separated broilers was studied. In the centre 
of an experimental room five broilers were placed together and each animal was inoculated with both 
Campylobacter jejuni and Escherichia coli. Surrounding this centre cage ten susceptible animals were placed 
individually at a distance of approximately 75 cm. The infection chain was thereafter monitored by taking 
daily cloaca swabs of the susceptible animals. The results of the experiment showed a clear difference in 
transmission pattern for the two pathogens, possibly caused by a difference in the ability to survive in the 
environment. We developed a new mathematical model describing indirect transmission by taking both 
transport and decay of the pathogens in the environment between the infectious and susceptible individuals 
into account. The model parameters were estimated using the data of the experiment. Our results show that 
this model proves successful in explaining several key features of the indirect transmission observed here. 
We believe it is a promising approach to describe indirect transmission in the field, with the possibility to 
analyse specific bio-security measures by considering their effects on the model parameters.
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Stochastic models to evaluate control strategies and freedom from infection for classical swine fever, 
foot and mouth disease and highly pathogenic avian influenza
Van Roermund, H.J.W., Hagenaars, T.J., Nodelijk, G. and Backer, J.A., Central Veterinary Institute of 
Wageningen UR, Epidemiology, Crisis organisation and Diagnostics, Netherlands; 
herman.vanroermund@wur.nl

To limit the impact of epidemics like CSF, FMD and HPAI on animal welfare and economics, control 
measures and final screening should be applied as effectively as possible. We studied this for the Netherlands 
using a stochastic individual-based modelling approach. The models describe the within-herd and between-
herd transmission dynamics. The within-herd transmission is formulated in terms of individual animals, and 
parameters are estimated from literature on transmission and vaccination experiments. The between-herd 
transmission is modelled by a transmission kernel, i.e. distant-dependent probabilities of infecting another 
farm, calibrated by observed outbreak data of the Netherlands. The model is applied to the current situation, 
using the location coordinates and farm sizes of all farms with susceptible animals in the country. The effect 
of vaccination is included at the individual level, making a comparison between control strategies possible 
at the livestock-area level. The results for individual animals indicate how many infected animals escape 
detection during the epidemic (i.e. in minor outbreaks), making a comparison between final screening 
scenarios possible. By combined modeling of the individual and livestock area levels, epidemic control and 
freedom from infection can be studied simultaneously. This approach can support decision makers in forming 
a deliberate opinion on the expected effectiveness and risks of vaccination strategies against contagious 
diseases. Results for CSF, FMD and HPAI will be shown. Ring vaccination around detected farms is a 
good alternative to ring culling for CSF and FMD, but not (yet) for HPAI, due to the fast transmission of 
the virus compared to the delay to reach full protection in the animal by vaccination. Several end screening 
scenarios will be shown.

Impact of emergency vaccination in a foot-and-mouth disease outbreak in Minnesota, USA
Miller, G.Y.1,2, Gale, S.B.2, Wells, S.J.2 and Eshelman, C.E.2, 1Department of Pathobiology, University of 
Illinois, Urbana, IL 61802, USA, 2Center for Animal Health and Food Safety, University of Minnesota, St. 
Paul, MN 55108, USA; GYMiller@illinois.edu

Foot and Mouth Disease (FMD) is a high consequence pathogen. This paper builds on our description of 
the simulation of FMD spread in Minnesota (MN)(see companion paper). The main goal of USDA and 
MN FMD response plans is disease eradication. These plans were used to formulate aspects of our MN 
FMD spread model. Important elements included movement restrictions, depopulation, surveillance, and 
numbers of MN livestock premises that could be vaccinated. Additionally, we model MN-specific direct and 
indirect contacts between herds, and airborne spread. Simulated FMD outbreaks (1000 model iterations) 
begin in and are limited to MN. Vaccine related variables explored included time to deliver vaccine (7, 14 
and 21 days), time to develop immunity from vaccine (4 and 7 days), and number of herds vaccinated per 
day (two levels: 50 (assumption with federal/state veterinarian applied vaccination) and 1,500 (assumption 
with industry vaccinators under the supervision of accredited veterinarians) herds per day). Our study 
describes the implications of emergency vaccination and compares the epidemiological results of FMD in 
MN with and without emergency vaccination. Preliminary results suggest that vaccination has important 
implications in a MN outbreak and is associated with large differences in disease and outbreak duration 
and number of animals/herds infected. These results are more striking for scenarios in which disease begins 
in a dairy. Assuming a dairy herd is initially infected, the mean number of animals infected ranged from 
30,000 to 88,000 with 50 herds per day vaccinated and varying delivery and immunity time. However, when 
vaccination capacity was increased to 1,500 herds per day and other conditions held constant, the mean 
number of animals infected was consistently below 20,000. Variability around means was also decreased 
with vaccination.
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Future zoonotic disease incidence informed by climate change scenarios
Brock, A.1, Benschop, J.2, Jones, G.2, Marshall, J.2 and French, N.P.2, 1University of South Australia, 
Australia, 2Massey University, New Zealand; j.benschop@massey.ac.nz

The role that climate variability and change play in altering infectious disease risk is a major issue calling 
for a multi-disciplinary approach. We demonstrate the integration of skills from human and veterinary 
epidemiology, statistical modelling and climate science in estimating the burden of infectious disease in 
New Zealand 2015, 2040 and 2090 under three future climate change scenarios. We used baseline weekly 
data from 1997 to 2007 to model the effect of past climate variation on notifications of campylobacteriosis 
and cryptosporidiosis. These models produced adjusted regression coefficients that were coupled with the 
National Institute of Water & Atmospheric Research’s climate projections to project the future burden 
of disease in 2015, 2040 and 2090. The weekly average absolute humidity, rainfall and temperature 
were positively associated with the probability of campylobacteriosis notification. Campylobacteriosis 
notifications were projected to increase especially during the summer in the top half and coastal areas of 
the north island. Cattle density and poor drinking water quality were risk factors for campylobacteriosis 
notification while Maori ethnicity was protective. Weekly average rainfall and temperature were positively 
associated with the probability of cryptosporidiosis notification. Cryptosporidiosis notifications were 
projected to both increase and decrease with season and location. Rural living and poor drinking water 
quality were risk factors while Maori ethnicity was protective. Disease projection estimates are currently 
being incorporated into a web-based tool to identify communities at risk and help aid the implementation 
of informed strategies for disease risk reduction. Our disease projections are our best estimates of the future 
burden of disease and must be seen in the light of multiple uncertainties including model estimates and 
future emissions, settlement, land use and policy changes.

The spatiotemporal epidemiological modeler: an open source framework for modeling food-borne 
disease
Kaufman, J.H.1, Davis, M.1, Douglas, J.V.1, Edlund, S.1, Hu, K.1, Filter, M.2, Wigger, J.-F.2, Thoens, C.2, 
Weiser, A.A.2, Kaesbohrer, A.2 and Appel, B.2, 1IBM Research Division, Almaden Research Center, USA, 
2Federal Institute for Risk Assessment, Dep. Biological Safety, Germany; kaufman@almaden.ibm.com

Globalization greatly increases the potential magnitude of pandemic disease. Global epidemics may result 
not only from human-human transmission, but also from food-borne pathogens, food-borne mycotoxin, 
vector-borne, and zoonotic diseases. What can be done to protect populations from emerging disease or to 
implement better response measures? While the speed of modern transportation and global trade amplifies 
the threat, the near real time capability of modern information technology provides opportunities for 
improved predictive capability and proactive containment. The SpatioTemporal Epidemiological Modeler 
(STEM) freely available through the Eclipse Foundation (http://www.eclipse.org) provides a modern 
‘plug and play’ software architecture with a plethora of functionalities facilitating such efforts. STEM 
represents epidemiological scenarios including all associated information as ‘a graph’ and additionally offers 
toolsets for developing sophisticated simulations of disease spread. STEM contains data sets describing the 
geography, transportation systems, and population for all countries worldwide together with disease models, 
population models, and tools for model comparison and cross validation. As an Eclipse application, STEM 
supports a collaborative community in creating a growing library of ‘pluggable’ data and algorithms to model 
existing and emerging disease threats, including zoonotic and food-borne diseases. For example, models for 
malaria and dengue fever are built on top of global mosquito vector capacity models using historic climate 
data from NOAA and the NASA Earth Observatory for the years 2001-2010 available as STEM ‘plugins’. 
This talk will describe work underway to use the STEM framework to model both food-borne diseases and 
the global supply chains through which they spread.
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Simulating spread and control of HPAI in Belgium
Van Steenwinkel, S.1, Ducheyne, E.2, Ribbens, S.1, Saatkamp, H.3 and Dewulf, J.1, 1Ghent University, 
Faculty of veterinary medicine, Belgium, 2Avia-Gis, Belgium, 3Wageningen University, Social sciences, 
Netherlands; jeroen.dewulf@ugent.be

The objective of this study was to evaluate the consequences of introducing HPAI into the Belgian poultry 
sector, using a spatially explicit and detailed stochastic simulation model (Interspread PLUS) and explore 
the epidemiological consequences of different control strategies. The parameter settings of the model are 
described in detail. To identify which parameters are the key drivers of the model output, a sensitivity 
analysis was performed. It showed that overall, the model is stable against perturbations of the model 
parameters. The greatest influence was caused by the local spread probability. Animal movement probability 
was also an important factor, but the impact was linear, indicating robust model behaviour. The model 
predictions for uncontrolled outbreaks were used to visualize five zones with different infectiousness levels. 
Three different index farms from three different zones (very low, medium and very high infectious zone) 
were then randomly selected for the simulations of controlled outbreaks. Three non-vaccination and 3 
vaccination strategies were evaluated. The results indicated that the type and the location of the index farm 
have a great influence on the outcome of an outbreak. However, our analysis also showed that currently 
planned interventions in Belgium, based on pre-emptive culling within 3 km of an infected farm, are likely 
to control the majority of outbreaks in an efficient way, from the very low to the very high infectious zones 
and that in the Belgian context, vaccination strategies might not be a feasible or cost-effective option.

Creating a biological context to analyze long term behavior of periodically driven biological systems
Boender, G.J., De Koeijer, A.A. and Fischer, E.A.J., Central Veterinary Institute, part of Wageningen UR, 
Netherlands; gertjan.boender@wur.nl

Many biological systems are influenced by a periodic environment, for instance the seasonal or circadian 
cycle. For an epidemic influenced by a periodic environment, the growth rate is a blend of periodic 
fluctuations and long term increase or decline. Therefore, it is often not straightforward to determine if 
an epidemic can expand and persist. To obtain more insight in this matter, the long term behavior should 
be disentangled from periodic fluctuations. The Floquet theory is a mathematical tool to deal with such 
problems. However, it is not often applied to biological systems, because a good connection between the 
mathematical formalism and the biological context is not available yet. We present a biological context, 
where the Earth’s rotation around the Sun or its own axis causes the periodicity of the biological system. 
Explicitly taking into account the effect of Earth’s rotation on the dynamics of the biological environment, 
paves the way to derive the Floquet theory within this biological context. Since the periodicity of the 
environment is caused by a known fixed rotation, the biological system can be mathematically transformed 
so that the long term growth rate can be determined separately from the short term cyclic behaviour. For 
practical applications, we offer a straightforward recipe for the determination of this growth rate. We will 
show the application of this recipe to a transmission model of a vector borne infection.
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Social network analysis of poultry movements in Argentina during 2009 and 2010
Linares, F.J., Martínez-López, B. and Sánchez-Vizcaíno, J.M., Universidad Complutense de Madrid, 
VISAVET Center, Animal Health Department, Spain; beatriz@sanidadanimal.info

The poultry production in Argentina is the second largest industry after the cattle, and for that reason, the 
potential introduction and spread of exotic diseases affecting poultry would have severe socio-economic 
consequences in the country. In order to allocate surveillance strategies to prevent and rapid control infectious 
diseases affecting poultry, the characterization of the structure and contact patters between poultry farms 
is crucial. However, there are very few studies describing in detail the animal movement contacts between 
poultry farms and none has been developed in Argentina. The study presented here is aimed to describe in 
detail the structure and the trade flows among the poultry farms in Argentina using graph theory and social 
network analysis. Particularly, data on poultry farms (i.e. census, location, etc.) and poultry movements 
from January 2009 to December 2010 were obtained from the National Service for Agrifood Health and 
Quality (SENASA). The poultry directed network was constructed using poultry farms as nodes and 
poultry movements between farms as links. Degree, closeness and betweeness centrality measures and 
other SNA metrics were computed to identify ‘important’ nodes that may be at particular high risk for 
disease introduction and spread. Analyses were performed using R Language v2.10.1 with igraph library 
and network was visualized using ArcGIS 9.3 (ESRI). The poultry contact network was compounded by 
6,330 nodes with 50,374 links for 2009 and, 6,458 nodes with 50,566 links for 2010. Nodes with the highest 
number of outgoing and ingoing links correspond to a hatched farm and meat production farm, respectively. 
This is one of the very first studies characterizing the poultry movements and identifying poultry farms, 
periods and regions at highest risk for potential disease introduction and/or spread, and will be useful for 
the design of risk-based surveillance strategies and contingency planning of diseases affecting poultry.

Influence of between-group transmission function on a simulated pathogen spread in a structured 
population
Hoch, T.1, Touzeau, S.2, Viet, A.-F.1 and Ezanno, P.1, 1INRA-ONIRIS, France, 2INRA, France; 
pauline.ezanno@oniris-nantes.fr

In a structured population, individuals can belong to different groups according for instance to their age or 
physiological status. In epidemiological models applied to structured populations, both within- (WG) and 
between-group (BG) transmission have to be represented. The former has been largely studied, whereas 
little attention has been paid to the latter, being however pivotal in populations such as herds. Our objective 
is to compare the pathogen spread in a structured population using different BG transmission functions 
in a theoretical model. This classical SIR model considers a two-group structure, no demography and a 
frequency-dependant WG transmission function. Five BG transmission functions, leading to five models, 
were identified in the literature: equivalent to density (D)- and frequency-dependant, with in the latter case 
different expressions of the denominator (current group size (FD), other group size (V) and sum (W) or 
product (G) of both sizes). The transmission rates for each BG function were estimated to give the same fixed 
R0 for all models, through the computation of a next-generation matrix. Results from the different models 
were compared for different values of R0, group sizes and respective influence of WG and BG transmission. 
Different transient behaviours and equilibriums are simulated for the prevalence in both groups, depending 
on the considered BG function. More particularly, functions FD and G can be distinguished from the 
three others. A sensitivity analysis with R0, population sizes, influence of both types of transmission and 
transmission function as factors and, prevalence and epidemic size as response variables, was carried out. 
Results show that, if R0 acts predominantly on model outputs, the choice of the BG function can not be 
neglected. The distinct biological meanings and the simulated differences for the considered BG functions 
give insight into the choice of the appropriate function in epidemiological modelling.
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A qualitative model to assess effectiveness of meat inspection
Dadios, N., Nigsch, A., Stärk, K.D.C., Gregory, N. and Alonso, S., Royal Veterinary College, Veterinary 
Clinical Sciences, United Kingdom; salonso@rvc.ac.uk

The meat inspection (MI) system in place in the EU Member States is currently at the centre of a debate: 
could this system be rendered more targeted and cost effective without compromising its original mandate 
of protecting public health (PH), animal health (AH) and animal welfare (AW)? We developed a model to 
qualitatively assess the capacity of each MI task to detect PH and AH and AW hazards (‘effectiveness’). 
The model parameters were set by a panel of experts, including epidemiologists and MI and public health 
professionals: the final qualitative estimate was the combination of Sensitivity (Se) and Positive Predicted 
Value (PPV). Se was calculated as the product of the proportion of infected animals showing lesions in a 
particular organ and the proportion of these animals that can be detected by the MI task. The PPV depended 
on the Se and Specificity of the MI task and the proportion of infected animals that show clinical signs. 
The model was validated for seven hazards. Expert elicitation was used to reduce uncertainty of specific 
estimates and to fill data gaps. The model showed good discriminatory capacity to compare ‘effectiveness’ 
between inspection tasks and across hazards. Data to feed the model was scarce in the literature. Model 
validation revealed that very few of the current MI tasks seemed to contribute to the identification of all 
hazards. By contrast, most tasks appeared to contribute to the identification of ≤2 of the studied hazards 
and some were essential for identification of certain hazards. Only very few tasks appeared to have no 
value. The model was simple and robust, representing an interesting tool for discerning between essential 
and redundant MI tasks. The model allows assessing the relative importance of MI tasks and provides a 
basis for investigating the impact that alternative inspection scenarios would have on the identification of 
hazards. The lack of reliable and harmonized data collection during MI is of concern, and may preclude 
any evidence-based attempt to revise the MI system.

FAO TADinfo: the use and constraints
Kamata, A.1, Hamilton-West, C.2, Kabore, Y.1, Wang, G.1 and Morteo, K.1, 1Food and Agriculture 
Organization of the United Nations, Italy, 2Department of Preventive Veterinary Medicine, University of 
Chile, Chile; akiko.kamata@fao.org

TADinfo is a unique veterinary data management system designed by FAO for national veterinary services 
to facilitate national level epidemiological analysis of disease situations and decision making. The FAO 
developed programme consists of a database (MySQL based) and a mapping component (KIDS). TADinfo 
has five data entry modules and four database management modules including a function to list diseases, 
clinical signs, localities, aiming at providing user countries more flexibility in adjusting the database to their 
own needs. The first software release was based on MS Access linked to ArcView (2002). This version was 
soon replaced by a Java written database. Today it uses Tomcat, MySQL. Since the last ISVEE in 2009, 
Durban, TADinfo has been deployed in 13 additional countries whilst 10 countries have received updates. 
The actual use varies according to the user country’s disease data collection system. The deployment is 
carried out as part of various FAO and other projects, and comprises also trouble shooting/ad-hoc support/
advice by FAO HQ once the system has turned operational. Through these projects, FAO has trained some 
100 national veterinary staff since 2004 as ‘training of trainers (ToT)’ on the use and management of 
TADinfo. The trainers then conduct in-country training involving their colleagues and provincial veterinary 
staff. Some countries have managed to connect their own computers to their TADinfo installed computer 
via LAN and use these for shared data entry; two countries are now using internet connection to enter data 
to secured national web servers. Recurrent computer virus infections and rapid turnover of trained staff 
are the known major obstacles to sustainability. To assess the actual situation upon deployment including 
additional practical needs and constraints, a questionnaire is send to the TADinfo deployed countries. The 
poster presents the outcome of the questionnaire, and seeks to analyse relevant trends in animal disease 
database systems.
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Modelling Salmonella transmission around a typical British pig finishing unit
Berriman, A.1, Clancy, D.2, Clough, H.1 and Christley, R.1, 1University of Liverpool, Epidemiology and 
Population Health, United Kingdom, 2University of Liverpool, Mathematical Sciences, United Kingdom; 
adcb@liverpool.ac.uk

Salmonella control on farm is extremely important as Salmonella species are an important cause of zoonotic 
disease. Pork, after eggs and poultry, is considered to be a principal source of human food-borne infections. 
As field studies are expensive, the development of methods to analyse on-farm control of Salmonella is 
warranted. A stochastic simulation model reflecting the structure of a pig unit was built. The model was 
developed using a continuous time Markov chain. Pigs were classed as susceptible, infectious, carrying 
or recovered with regard to Salmonella status. Infectious animals were associated with a population of 
free-living infectious stages. An important finding after simulation of the model was the affect of shedding 
on herd prevalence. It was found that a presence of ‘super-shedders’ on a unit resulted in high prevalence 
of Salmonella. Although ‘super-shedders’ are known to exist, the extent to which they are found on farm 
and their role in Salmonella epidemiology is unknown. The affect of ‘super-shedders’ was reflected in the 
estimated basic reproduction number, R0; approximately 7 when ‘super-shedders’ are present. A further 
finding of importance related to the impact of the probability of infection after exposure. A 10 times reduction 
in probability resulted in a decrease in prevalence of approximately 15%. The finding that high prevalence 
farms could have a number of ‘super-shedding’ pigs is important for the industry. Further research efforts 
should investigate the frequency and cause of super-shedding and impact of control targeted at these animals.

Analysis of cattle movements in Belgium
Aznar, M.N.1, Stevenson, M.A.2, Humblet, M.-F.3, Robjins, J.-M.4 and Saegerman, C.3, 1INTA, CICVyA – 
Grupo de Epidemiología, Argentina, 2Massey University, Epicentre – IVABS, New Zealand, 3University of 
Liège – Faculty of Veterinary Medicine, UREAR, Belgium, 4AFSCA, Belgium; maznar@cnia.inta.gov.ar

This study aimed at analyzing recorded movements of cattle that took place in Belgium in the year 2000. 
Raw data were extracted from the National Cattle Tracing System and the unit of analysis were pixels of 
5 km by 5 km in which the country was divided. Each movement was referenced with the pixel of origin 
and destination. Social network analysis was applied to these data. In 2000 Belgium had 33,843 farms 
containing 3 million cattle (the median of farms and cattle per pixel was 23 and 2,153, respectively). A total 
of 1.1 million cattle heads(39% of the national herd) were moved: 13% within the pixel of origin and 87% 
to another pixel. The distributions of distances were analyzed only when the pixels of origin and destination 
differed. These distributions were: 1-10 km 11%; 11-50 km 32%; 51-100 km 24%; 101-200 km 31% and 
>200 km 2%. The network was comprised of 1,290 nodes and 227,141 directed links. The median out-
degree (representing the number of destination pixels) was 162 (range 0 to 413). The median in-degree was 
60 (range 0 to 1,208). The highest values for out-degree were in northwestern and southern Belgium. The 
highest values for in-degree were in the north, in particular the province of Antwerp and also West and East 
Flanders. The clustering coefficient was 0.98, indicating that almost every node was directly connected to 
all the others. Assuming that data for year 2000 are representative, we conclude that the pixels in the north, 
which have high in degree, are susceptible to disease outbreaks, as they receive large numbers of cattle from 
various origins. In case of an outbreak in other part of the country, the disease would probably be spread 
to this fattening zone. This should be taken into account to improve surveillance and control strategies.
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Immunization strategies on the network of bovine movements of Mato Grosso, Brazil
Ossada, R.1, Grisi-Filho, J.H.H.1, Cipullo, R.I.1, Marques, F.S.1, Ferreira, F.1, Dias, R.A.1, Ferreira Neto, 
J.S.1, Telles, E.O.1, Negreiros, R.L.1,2 and Amaku, M.1, 1University of Sao Paulo, Preventive Veterinary 
Medicine and Animal Health, Brazil, 2Instituto de Defesa Agropecuária do Estado de Mato Grosso, Brazil; 
raul@vps.fmvz.usp.br

The heterogeneity of animals’ movements on a farms network can increase the probability of the spread of 
diseases, making them harder to eradicate. Due to this, it is extremely important to develop immunization 
strategies in order to minimize the risks of epidemic outbreaks. The aim of this study is to analyze the effects 
of different immunization strategies in controlling the spread of diseases on the farms network of bovine 
movements of the State of Mato Grosso (MT), Brazil. Using the Susceptible-Infected-Susceptible (SIS) 
model, we simulate an acute and a chronic theoretical disease using different immunization strategies, and 
analyze the equilibrium prevalence level after each strategy. The immunization strategies implemented are 
the Uniform Immunization, where we randomly choose the farms that will be immunized; the Most Time 
Infected Immunization, where we choose the farms that stayed infected the most time during the simulation 
without any control; the Kin Immunization, where we choose the farms with the highest in-degree (number 
of farms that sell to the studied farm); the Kout Immunization, where we choose the farms with the highest 
out-degree (number of farms that buy from the studied farm); and the Ktotal Immunization, where we 
choose the farms with the highest total degree (the sum of the in-degree and the out-degree). All the studied 
strategies decreases the prevalence of the diseases, however the Ktotal Immunization strategy presents the 
most effective reduction for the MT network. These results indicates that by surveying just a few farms of 
the MT network it is possible to reduce the prevalence level of some diseases optimizing their control, a 
result with both practical and economical impact. We hope that our study may assist in the development of 
programs to prevent and control diseases in animals.

Detecting communities of animal trade based on Google’s PageRank
Grisi-Filho, J.H.H.1, Amaku, M.1, Ferreira, F.1, Dias, R.A.1, Telles, E.O.1, Ferreira Neto, J.S.1 and Negreiros, 
R.L.1,2, 1University of São Paulo, Preventive Veterinary Medicine and Animal Health, Brazil, 2Instituto de 
Defesa Agropecuária do Estado do Mato Grosso, Brazil; grisi@vps.fmvz.usp.br

Network analysis has become a useful tool to study animal trade. Recent studies applied community detection 
analysis in animal movement networks, to improve predictive modelling and to help us understand the trade 
patterns of the animal production industry. We implemented and tested a community detection algorithm 
that reflects the definition of an animal production zone, providing useful information for researchers and 
decision-makers, specially to understand animal flow and identify trade regions within an area. We analyzed 
the State of Mato Grosso database of cattle movements for the year of 2007, provided by INDEA (Instituto 
de Defesa Agropecuária do Estado do Mato Grosso). This database helds information about 15,844,764 
animals moved. We implemented an algorithm that accounts for links direction and weight. It is based on 
the calculation of LinkRank, a modified concept of Google’s PageRank. In this sense, the community is 
defined as a group of nodes in which a random walker is more likely to stay. We think that this community 
definition is adequate to find regions of animal production, assuming that a community is a group of premises 
or counties that an animal is more likely to stay during its life. We found 14 cohesive communities, all of 
them containing counties that are geographically adjacent to each other. A small group of counties remained 
in the border of two or more communities, acting as trade borders. Community analysis is an useful tool to 
understand animal trade within a given area, and therefore to help predictive modelling or the planning of 
surveys and other veterinary preventive control measures. Also, network community analysis along with 
Geographic Information Systems can synthesize information in a very revealing way, avoiding one to be 
overwhelmed by the large amount of information maintained in livestock movement databases.
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The use of probability scoring rules to carry out comparison and validation of infectious disease 
models
Deardon, R. and Zhang, L., University of Guelph, Mathematics & Statistics, Canada; 
rdeardon@uoguelph.ca

Deardon et al. detail a class of ‘individual-level models’ (ILMs) for infectious disease spread. They have 
been fitted to data from the UK 2001 foot-and-mouth disease epidemic, and used to model the spread of 
porcine respiratory and reproductive syndrome and influenza. Fitted in a Bayesian statistical framework 
using Markov chain Monte Carlo methods, they are an intuitive and flexible class of models that can be 
used to take into account population heterogeneity via various individual-level covariates. Of course, for a 
model to be used to inform, for example, control policy for a disease outbreak, it is key to be able to show 
evidence that the model has a sufficient fit to observed data. Standard statistical methods for doing this (e.g. 
the chi-squared goodness-of-fit test) fail in systems such as those of infectious diseases, due to the complex 
dependencies that exist in the data. Here we examine the use of probability scoring rules to both compare, 
and ascertain the adequacy of fit for, individual-level infectious disease models.

A description of cattle movement from brucellosis positive and negative farm premises in Mato Grosso, 
Brazil and the use of PageRank as a parameter for the analysis of the network of animal movements
Cipullo, R.I.1, Ossada, R.1, Grisi-Filho, J.H.H.1, Marques, F.S.1, Dias, R.A.1, Ferreira, F.1, Ferreira Neto, 
J.S.1, Telles, E.O.1, Negreiros, R.L.1,2 and Amaku, M.1, 1University of São Paulo, School of Veterinary 
Medicine and Animal Science, Brazil, 2Instituto de Defesa Agropecuária do Estado de Mato Grosso, Brazil; 
rafael.cipullo@gmail.com

An important factor for the introduction and spread of infectious disease in cattle production is the animal 
movement between farm premises. In this way the network analysis leads to a better understanding of the 
potential risk for disease spread in a susceptible population and allows one to control and prevent infectious 
diseases such as bovine brucellosis. In the present study, cattle production premises are the nodes and the 
movements of animals are the links. We used the data of the survey for brucellosis obtained from 549 
farm premises and the data of cattle movement obtained from the records of animal transit in the State of 
Mato Grosso, Brazil. Descriptive statistics of overall network were calculated using R and a comparison 
of movements between positive and negative premises was calculated by Mann Whitney test. The analyses 
of animal movement network were done using 2 parameters: degree and PageRank. The premises´ degree 
was defined as the number of direct links between this premise and all other premises. The PageRank is a 
method for computing a rank for every web page used by Google that determines the web page´s relevance. 
For this study the PageRank was adapted to indicate an importance of a particular node (premise) based on 
the links connected to it and the weight of the link. The distribution of herd size in each premises showed a 
similar pattern between 2004 and 2007. There was no significant difference of degree between positive and 
negative premises (P>0.05) and the descriptive analyses indicate a large heterogeneity in the Mato Grosso 
network flow. The use of PageRank in an animal movement network could be an important tool in disease 
control. Acknowledgement: FAPESP, CNPQ
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Decisions on FMD emergency vaccination informed by outbreak data and model predictions
Willeberg, P.1,2, Halasa, T.1, Alkhamis, M.2, Boklund, A.1, Perez, A.2,3 and Enøe, C.1, 1Technical University 
of Denmark, National Veterinary Institute, Denmark, 2University of California, Davis, Center for Animal 
Disease Modeling and Surveillance, USA, 3UNR, CONICET-Facultad de Ciencias Veterinarias, Argentina; 
pwilleberg@ucdavis.edu

The choice of whether or not to apply emergency vaccination is one of the most difficult decisions facing 
the authorities when foot-and-mouth disease (FMD) breaks out in a free country. A simple quantitative tool 
was proposed in 2006 using the first 14-days incidence (FFI) of outbreaks by 12 regional foci in the 2001 
UK epidemic to predict the duration and the cumulative number of outbreaks at the end of the epidemic. We 
used a modified FFI procedure to analyze data from the FMD outbreaks in Argentina in 2001 with the 17 
affected provinces as the units of observation. Output was also analyzed from a series of FMD simulation 
models with current Danish population data at the national level using a modified DADS model (DTU-
DADS). The primary independent variable was the number of outbreaks detected during the first 14 days 
of the epidemic. Local herd density was also included the Argentinian analyses. The dependent variables 
were the number of outbreaks after day 14, and in the Danish analysis also the epidemic duration after day 
14 and the area affected at the end of the epidemic. Statistically significant positive correlations were found 
in all regression analyses of both data sets. The highest values were seen in the Argentinian outbreak data 
when herd density was also included in the model. The Danish simulation data showed a higher degree 
of variation. This difference is to be expected, since the Danish data simulated 1000 different epidemics, 
while the Argentinian data analysed regional variations within one and the same epidemic. Emergency 
vaccination should be considered if the predicted cumulative size of the epidemic appears alarming. The 
results indicate that predictions using the number of outbreaks by day 14 and modifications hereof might 
be useful in informing such decisions.

Comparison of different survival models as descriptors for culling distributions in dairy cows
Sharifi, H.1, Akbarein, H.2, Nekouie, O.A.2, Karamouzian, M.3 and Sharifi, A.4, 1Faculty of Veterinary 
Medicine, Shahid Bahonar University of Kerman, Food Hygiene and Public Health, Iran, 2Faculty of 
Veterinary Medicine, University of Tehran, Food Hygiene and Quality Control, Iran, 3Research Center for 
Modeling in Health, Kerman University of Medical Sciences, Iran, 4School of Medicine, Kerman University 
of Medical Sciences, Iran; omid_nekouie3@yahoo.com

This paper presents the results of a study to develop and evaluate survival analysis the effect of treated 
diseases on the culling rate (remove from herd) in dairy cows. Five different models, with and without 
time-dependent covariates, using Gompertz distribution were studied. Model 1 treated diseases as binary 
and time-independent covariates. Models 2 through 5 treated diseases as time-dependent covariates. For 
each observation, we split follow-up time in intervals each corresponding to a different lactation month. In 
other words, each observation from study entry until culling or censoring was split into several one-month 
observations by Lexis expansion of the original dataset. Model 2 assumed an animal experience a certain 
disease from the beginning of the occurrence of that disease by the end of follow-up period. Model 3 assumed 
cows are at risk from the begging of the study until the disease occurred (inverse of model 2). In model 4 
and 5 an animal was assumed to experience a certain disease for one month if the disease occurred during 
this period by this difference in model 4 assumed diseases occurred only one time and in model 5 multiple 
disease occurrences at different months were considered as different episodes. According to Akaike’s 
Information Criterion (AIC) value and Cox-Snell residuals model 5 was the best model. A comparison of 
culling models with and without time-dependent covariates found that models without time dependency 
tended to seriously underestimate the risk of a disease on culling.
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Implications of commuting assumption in multi-scale model
Marques, F.S., Cipullo, R.I., Ossada, R., Grisi-Filho, J.H.H., Ferreira Neto, J.S., Ferreira, F., Dias, R.A., 
Telles, E.O. and Amaku, M., University of São Paulo, School of Veterinary Medicine and Animal Science, 
Brazil; fernando_six@yahoo.com.br

Compartmental models (CM) were among the first theoretical approaches in epidemiology, proved to be 
predictive, but the assumption of homogeneous mixing does not meet real contact structure. According to 
livestock movement databases, the contact structure often follows scale-free distribution, that led to models 
with contact structure other than homogeneous, i.e. complex network models (CNM). We define a CNM 
as set of nodes, links and disease transmission dynamics between nodes. In many studies, nodes represent 
sites that trade animals and links the livestock movement between nodes. Since a node can retain many 
animals, hybrid models were developed to consider the two scale disease spread. A CM to describe the 
spread within a node and the CNM deals with the spread through the network. In veterinary epidemiology 
one common assumption of CMs is that the livestock trade behave as if animals were commuting, which 
means that animals entering in a node do not change the total number of animals, but influence the spread 
of a infectious disease and then return to their home node. We build a SI model in which animals do not 
commute and our objective was to compare it to the SI commuting model to evaluate how this commuting 
assumption affects the disease spread. We created a structure of three nodes and external compartments 
to make the two models work in similar fashion and capture the nuances of outcomes. Our results show 
that the number of susceptible animals are more sensitive to livestock movements in our model than in the 
commuting model. Moreover, the speed of disease spread within a node is different for the two models. 
These results are important considering that theoretical models are tools helping identify strategies for 
prevention, risk evaluation and disease control. We are now further investigating these CMs in theoretical 
and real complex networks. Acknowledgment: CAPES, FAPESP, CNPq

An integrated web system to support veterinary activities related to the management of information 
in epidemic emergencies
Iannetti, S.1, Savini, L.1, Palma, D.1, Calistri, P.1, Natale, F.2 and Giovannini, A.1, 1Istituto G. Caporale 
Teramo, Epidemiology – COVEPI, Italy, 2JRC, Ispra (VA), Italy; s.iannetti@izs.it

The efficiency of management of public health emergencies is improved by quick, exaustive and standardized 
information flow of data on disease outbreaks. The efficiency of surveillance systems and disease control 
or eradication programmes is increased by using specific software for data analysis and collection. In this 
context, the National Information System for the Notification of Outbreaks of Animal Diseases (SIMAN) 
was designed and developed to collect and share outbreaks notifications data in real time by using the 
World Wide Web. The system is part of the e-Government process that involves all public administrations 
of the European Union (EU) and refers to the use of information and communication technologies for the 
digital processing of documents in order to obtain simplification and interoperability of administrative 
procedures through the Internet. Epitrace is a useful web application based on the Social Network Analysis 
(SNA) and on network epidemiological models. This software has been integrated in the BDN and gives 
the possibility of assessing the risk associated to holdings on the basis of their trade patterns and to target 
better risk management measures in case of an outbreak.
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Estimation of back yard pig (BYP) density in the EU: first step to evaluate the role of BYP in disease 
transmission
Martínez-López, B., Mur, L., Rodríguez-Prieto, V., Sánchez-Vizcaíno, F. and Sánchez-Vizcaíno, J.M., 
Universidad Complutense de Madrid, VISAVET Center, Animal Health Department, Spain; 
beatriz@sanidadanimal.info

The presence of backyard pigs (BYP), which are usually managed with low biosecurity measures, is a 
reality in many EU countries; however there are no official counts or knowledge about their distribution. 
Although suggested, the contribution of BYP in the persistence of diseases such as classical swine fever 
(CSF) or African swine fever (ASF) has not been fully investigated. The current situation of CSF in some 
EU countries, with outbreaks in BYP and wild boars, and the continuing spread of ASF in the Russian 
Federation, with outbreaks occurring close to the EU borders, has increased the concerns on the potential 
role that BYP may have in the persistence of such diseases. The study presented here was aimed to estimate 
the BYP density in the EU as a first step to evaluate its potential role on the persistence of CSF or ASF. 
Specifically, we estimate the relation between 117 socio-economic and cultural factors and the density of 
BYP in Romania, Bulgaria and Sardinia, for which BYP counts were available, using a generalized linear 
model. The model with the lowest AIC and the highest adjusted R-squared was considered the one that 
best fitted the data and was used to estimate the abundance of BYP in the rest of EU countries. Model 
revealed that BYP is particularly concentrated in areas where agricultural holdings have mixed livestock 
and low standard gross margin, farm owners are old (i.e. age 55-66) and labour force is familiar. A BYP 
density map at NUT3 level for the whole EU has been produced and will be validated using expert opinion. 
Interestingly, areas with the largest number of BYP have the highest number of CSF outbreaks in the last 
10 years. Methods and results of this study would be useful to further evaluate the epidemiological role or 
BYP and, ultimately, to allocate efforts to prevent CSF or ASF disease spread and/or persistence into the EU.

Antiviral agents to control classical swine fever epidemics
Backer, J.A.1, Vrancken, R.2, Neyts, J.2,3 and Goris, N.2, 1Central Veterinary Institute of Wageningen UR, 
Netherlands, 2Okapi Sciences NV, Belgium, 3Rega Institute for Medical Research, Belgium; 
jantien.backer@wur.nl

Classical Swine Fever (CSF) represents a continuous threat to pig populations that are free of disease and 
vaccination. When CSF virus is introduced, the minimal control strategy imposed by the EU is often not 
sufficient to mitigate the epidemic. As additional measure, preemptive culling encounters ethical objections, 
while emergency vaccination leads to prolonged export restrictions. Antiviral agents, however, provide 
instantaneous protection without inducing an antibody response. The use of antiviral agents to contain CSF 
epidemics is studied with a model that describes virus transmission within and between herds. Epidemics 
are simulated in a densely populated livestock area in The Netherlands, with farms of varying sizes and 
pig types (finishers, piglets and sows). Our results show that vaccination and/or antiviral treatment in 2 km 
is more effective than preemptive culling in 1 km. However, the instantaneous but temporary protection 
offered by antiviral treatment is slightly less effective than the delayed but permanent protection offered 
by vaccination. For this reason, the most effective control strategy is to vaccinate animals when allowed 
(finishers and piglets) and to treat animals with antiviral agents when vaccination is not allowed (sows). As 
independent control measure, antiviral treatment in 1 km presents an elevated risk of epidemics running 
out of control. A 2 km control radius largely eliminates this risk, at the expense of higher control costs. 
An economic analysis can point out whether the benefit of earlier regaining the freedom of disease status 
outweighs the costs of treating more animals with antiviral agents.
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Comparison of different strategies for the control of two highly infectious animal diseases
Duerr, S.1, Zu Dohna, H.2, Hadorn, D.C.3, Carpenter, T.E.2,4 and Doherr, M.G.1, 1Veterinary Public Health 
Institute, Vetsuisse Faculty, University of Bern, Switzerland, 2Center for Animal Disease Modeling and 
Surveillance (CADMS), University of California Davis, USA, 3Swiss Federal Veterinary Office, Switzerland, 
4EpiCentre, Massey University, New Zealand; marcus.doherr@vetsuisse.unibe.ch

Up-to-date knowledge on epidemiologic aspects of infectious diseases is needed to make scientifically-
based policy decisions about control strategies. The benefit of emergency vaccination or pre-emptive culling 
during an outbreak of classical swine fever (CSF) or foot-and-mouth disease (FMD) is widely discussed 
in non-endemic countries. Simulation models can be used to compare such control strategies, especially 
when the disease is absent in a country and recent disease transmission experience is lacking. We used 
a spatially-explicit, stochastic simulation model based on farm contacts to estimate the effect of several 
control parameters on simulated outbreaks of CSF and FMD in Switzerland. Various vaccination and – 
only for CSF – pre-emptive culling strategies with different radii around an infected herd and different 
implementation times, in addition to the basic control strategies (culling of infected herds, tracing and 
establishing movement restriction zones), were compared. The simulated size and duration of an outbreak 
depended mainly on detection and control implementation delay of the basic control strategies and less on 
vaccination or pre-emptive culling. However, if vaccination were conducted on a larger scale (20 km radius) 
and in an already advanced stage of the epidemic (approximately 50 infected premises), the probability of 
an epidemic being large (>25% among all epidemics) was significantly reduced. The knowledge gained 
in this project provides a basis for the evaluation and discussion of control strategies for highly infectious 
diseases in Switzerland and in countries with similar settings.

Pig farm-to-pork: risk factors of Salmonella enteritica subsp. enteritica contamination in freshly cut 
pork in northern of Thailand
Sanguankiat, A.1,2,3, Dorn-In, S.2, Chantong, W.2, Pintong, R.2, Padungtod, P.4, Srikitjakarn, L.2, Baumann, 
M.1, Zessin, K.H.1 and Fries, R.1, 1Freie Universität Berlin, Germany, 2Chiang Mai University, Thailand, 
3Kasetsart Univerity, Thailand, 4FAO Regional Office for Asia and the Pacific, Thailand; fvetass@ku.ac.th

The aims of this study were to determine the prevalence and associate risk factors in freshly cut pork in a 
pig producing compartment of northern Thailand. Samples were collected from fattening pigs at the farm. 
Samples were also collected from the same individual pigs through the processing line until they were 
cut in cutting room of a slaughterhouse. A total of 1,982 samples were collected from 194 pigs including 
193 feces, 181 Mesenteric lymph nodes, 181 caecal-content, 181 swabs from carcass after splitting, 180 
swabs from carcass after washing, 173 fleshly cut pork and 173 pork to be delivered to the market. An 
additional 521 samples were collected from the farm and slaughterhouse environments. A total of 971 
(48.9%) samples from the processing line were positive for Salmonella enterica using standard method 
(ISO6579). The lowest prevalence was observed in carcasses after washing (12.9%; 95% CI: 7.0-18.8), 
the highest prevalence in cecal content (83.1%; 95% CI: 74.5-91.6) indicated that a large proportion of 
pigs might be infected at the farm. The final logistic regression model with Salmonella contamination in 
fleshly cut pork as an outcome variable showed that Salmonella contamination on carcass after washing 
(OR=5.2; P=0.006, RR=1.7; P=0.000), mesenteric lymph node (OR=2.3; P=0.016, RR=1.4; P=0.009), 
cutting board during cutting process (OR=2.2; P=0.022, RR=1.4; P=0.009) and environmental samples of 
feacal material (overshoes swab) at farm (OR=2.4; P=0.019, RR=1.5, P=0.008) were significantly associated 
with Salmonella contamination in freshly cut pork samples.
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Risk of recurrent cases of bacteria specific clinical mastitis in dairy cows
Cha, E.1, Hertl, J.A.1, Schukken, Y.H.2, Bennett, G.2, González, R.N.2, Welcome, F.L.2 and Gröhn, Y.T.1, 
1Section of Epidemiology, Population Medicine and Diagnostic Sciences, USA, 2Quality Milk Production 
Services, Population Medicine and Diagnostic Sciences, USA; elvacha@gmail.com

The objective of this study was to estimate the risk of a first case and subsequent cases of bacteria specific 
clinical mastitis (CM) in Holstein dairy cows. The pathogens we studied were Streptococcus spp., 
Staphylococcus aureus, Staphylococcus spp., Escherichia coli, Klebsiella spp., and Arcanobacterium 
pyogenes. We analyzed 40,864 lactations (9,873 cows) of which 17,265 were primiparous and 23,599 
were multiparous lactations, in 5 large, high milk producing dairy herds in New York State. There were 
12,725 first cases, 4,535 second cases and 1,798 third cases of CM. Generalized linear mixed models with 
a Poisson error distribution were used to study the effects of parity, calving diseases, previous milk yield, 
season, number of cases of CM in the previous lactation and previous cases of bacteria specific CM within 
the lactation on the risk of a first case and the conditional risks for second and third cases of bacteria specific 
CM. The first 2 weeks in milk (wim) and wim ≥3 were analyzed separately as the former analysis focused 
on calving diseases as a risk factor and previous milk yield was not included. For first case analyses, among 
primipara, wim ≥3, cows with metritis and or displaced abomasum in their current wim were at higher risk 
of Streptococcus spp. There was higher risk of Staphylococcus spp. and Klebsiella spp. during the summer 
months. Among multipara, wim ≥3, as parity increased from 2 to ≥4, risk of bacteria specific CM increased. 
Cows that had 3 cases, compared to a single case of CM in their previous lactation had a greater risk of 
a first case of bacteria specific CM in their subsequent lactation. Cows with a higher previous milk yield 
were generally at greater risk of bacteria specific CM. The risks of second and third bacteria specific CM 
cases will we reported, as well.

Antiviral supplementation to pig feed can contain outbreaks of classical swine fever
Goris, N.1, Ribbens, S.2, Neyts, J.3 and Dewulf, J.2, 1Okapi Sciences, Belgium, 2UGent, Unit for Veterinary 
Epidemiology, Belgium, 3KU Leuven, Rega Institute for Medical Research, Belgium; 
nesya.goris@okapi-sciences.com

Classical swine fever (CSF) outbreaks results in huge economic losses to countries with densely populated 
pig areas (DPLAs). The EU minimum control measures require depopulation of infected farms, movement 
restrictions, zoning and surveillance. Emergency vaccination is authorised for DPLAs although the EU 
Minimum strategy plus culling in a 1-km ring around infected premises is preferred. Nonetheless, vaccination 
in a 2 km ring has been found equally effective as 1 km ring culling using stochastic modelling. Alternatives 
control measures (e.g. antiviral agents, in particular small molecule inhibitors of the CSFV replication) are 
being explored. Hence, the present study was set up to simulate inter-herd CSFV spread when antiviral 
molecules are supplemented to pig feed in a 1 km ring around infected farms. The effectiveness of the 
antiviral strategy for containing CSF outbreaks was compared to six other control scenarios including the EU 
Minimum strategy, the EU preferred policy for DPLAs and the use of 2 km ring vaccination. The InterSpread 
Plus model was adapted to the 2006 Belgian pig population and outbreak simulations were performed with 
a fast spreading CSFV strain entering a DPLA in Belgium. Four out of the seven control strategies resulted 
in outbreaks that were controlled by the end of the simulation period (i.e. 365 days). Although there were 
point-estimate differences for the four strategies in terms of the number of infected herds and the duration 
of the outbreak, the distributions of the outcomes were not different. Nevertheless, the results indicate that 
CSF outbreaks can be controlled by means other than pre-emptive culling such as antiviral supplementation. 
Although further studies are needed, antiviral supplementation might be an interesting additional tool to 
control CSF outbreaks and is a potential alternative to ‘conventional’ containment measures such as pre-
emptive culling and emergency vaccination.
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Analysis and characterization of swine movement in four Canadian provinces
Thakur, K.K., Hurnik, D., Revie, C.W. and Sanchez, J., University of Prince Edward Island (UPEI), Center 
for Veterinary Epidemiological Research, Department of Health Management, Charlottetown, Canada; 
kthakur@upei.ca

Network analysis has increasingly been used in veterinary epidemiology to understand contact patterns 
among animal herds and to investigate the impact of animal movement on the spread of infectious agents. No 
model is currently available to represent contact between swine herds in Canada. The objective of this study 
was to investigate pig movement patterns between farms in four Canadian provinces using social network 
analysis (SNA) tools and to estimate parameters to be used for modelling the spread of porcine reproductive 
and respiratory syndrome (PRRS) virus. Swine movement data from a four month pilot pig traceability 
program were used to construct a directed contact network of the swine industry in these provinces. In 
the network, each pig farm was represented as a node, while the movement of animals between farms 
was represented as directed links. Monthly and overall movements were analyzed and patterns of contact 
between farms were described through the estimation of key network analysis measures. A total of 2043 
shipments were recorded in the data set. The resulting network had 158 nodes and 330 links. The medians 
and (ranges), for in-degree and out-degree of the overall network were 1(0-59) and 1(0-12) respectively. The 
overall clustering coefficient was 0.122. The network can be characterised as ‘small-world’. The distribution 
of in-degree and out-degree was right skewed; many farms had no or few connections, while a few farms 
were highly connected. Similar network characteristics have been reported from animal movement studies 
in other countries. Parameter estimates and characteristics of this network will be used to represent the 
heterogeneity in contact between swine herds while building a network based PRRS virus spread model.

Assessing control measures against MRSA ST398 in a farrow-to-finish pig farm: a modelling approach?
Porphyre, T.1,2, Giotis, E.S.2,3, Lloyd, D.H.2 and Stärk, K.D.C.2, 1University of Edinburgh, Edinburgh, 
United Kingdom, 2Royal Veterinary College, London, United Kingdom, 3Imperial College, London, United 
Kingdom; t.porphyre@ed.ac.uk

Since its first detection in 2003 in pigs and pig farmers, the livestock-associated methicillin resistant 
Staphylococcus aureus (MRSA) strain ST398 has become a worldwide threat to humans. Despite the 
implementation of stringent measures to identify and de-colonise people carrying the bacteria, MRSA 
ST398 is still spreading in the community. Removing MRSA ST398 from farms is therefore considered as 
one option to prevent its spread from farms to humans. However, the lack of licensed disinfection products 
renders difficult the control of MRSA ST398 in farm. In the attempt to provide guidance for the development 
of new cost-efficient disinfectant product, we developed a stochastic epidemic model coupled with both a 
model of herd demography and bacterial growth. Using this model, we compared the effectiveness of three 
different control strategies targeting bacteria on pigs and/or in the environment in a commercial farrow-
to-finish pig farm. These strategies were tested in scenarios where preventive or reactive action was taken. 
When no control activities were implemented, the predicted endemic prevalence was consistent with what 
has been previously recorded in the field. Removing bacteria from the environment showed little benefit 
with either preventive or reactive strategies. In contrast, the endemic prevalence was significantly reduced 
when control activities focused on removing bacteria from pigs. Although applying controls on production 
stock alone was inadequate to prevent a farm from becoming contaminated or to stabilise prevalence at a 
low level, elimination may be reached if control activities were consistently applied throughout the breeding 
and production chains. These findings highlight the difficulties to achieve effective and economical control 
of livestock-associated MRSA in animal husbandry environments.
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Evaluating the benefits of vaccination for foot-and-mouth disease as an adjunct to a standard stamping 
out policy
Sanson, R.L.1, Rawdon, T.2, Owen, K.2 and Stevenson, M.A.3, 1AsureQuality Limited, Farm & Livestock, 
New Zealand, 2Ministry of Agriculture & Forestry, New Zealand, 3Massey University, EpiCentre, New 
Zealand; M.Stevenson@massey.ac.nz

Foot-and-mouth disease (FMD) is one of the most feared diseases to countries that rely on the export of 
live animals and / or animal products, due to the trade restrictions that are applied during and following 
an outbreak, until proof of freedom can be re-established. Many countries are reluctant to use vaccination 
during an outbreak due to the challenges associated with proving disease freedom following the outbreak, 
and the delays involved, despite the fact that vaccination can assist the control and eradication process. This 
study describes the use of a modelling approach using the InterSpread Plus simulation system to evaluate 
the benefits of using vaccination as an adjunct to a traditional stamping-out eradication programme. The 
study population comprised all livestock farms in New Zealand. Three hypothetical introduction scenarios 
were created, involving single or multiple seed infected farms in different parts of the country. The primary 
transmission mechanisms included direct and indirect contacts and a local spread kernel. Transmission rates 
were varied by turning on or off an airborne spread mechanism. Vaccination programmes were varied in 
terms of timing of deployment relative to the first diagnosis, and size of ring vaccination buffer. Altogether, 
65 models were defined, with100 iterations conducted for each model. Mean and median time to eradication, 
number of farms depopulated, number of animals destroyed and number of vaccine doses used for the 
different vaccination programmes were compared to the standard stamping-out approach. Non-parametric 
regression and classification and regression trees were used to evaluate which variables had the biggest effect 
on the outcome measures. Findings will be used to review contingency plans for FMD in New Zealand.

Comparison of methods to elicit stakeholder preferences for multi-criteria decision analysis in the 
context of disease prioritisation
Brookes, V.J.1, Hernandez-Jover, M.2, Cowled, B.D.1, Holyoake, P.K.3 and Ward, M.P.1, 1University of 
Sydney, Faculty of Veterinary Science, Australia, 2Charles Sturt University, Australia, 3Dept. of Primary 
Industries, Victoria, Australia; viki.brookes@bigpond.com

Disease prioritisation is a decision analysis problem; somehow, the differing opinions of stakeholders need 
to be balanced to reach a decision acceptable to the group. Multi-criteria decision analysis methods offer 
quantitative, repeatable decision making solutions. By dividing the problem into measurable criteria on 
which stakeholders base their decision, subjective stakeholder preferences can be modelled as weights of 
importance for the criteria. Aggregation of weights with objective disease measurements for the criteria 
provides an overall disease score, weighted to reflect stakeholder preferences. Methods for modeling 
stakeholder preferences were trialled in a survey to prioritise exotic diseases for the Australian pig industry. 
The aim of the survey was to define weights of importance for 9 criteria which were measurable disease 
attributes that affect impact. The survey was presented to stakeholders as an online questionnaire. To increase 
participation, different approaches to estimate criteria weights were used. The criteria were first presented 
as a list for ranking and direct elicitation of weights. Four groups of test scenarios were then presented for 
ranking and indirect elicitation of weights using probabilistic inversion, and also for scoring and indirect 
elicitation of weights using a logisitic regression technique. Finally, participants were asked to rank and 
score a set of real, but unlabelled diseases, to validate the weights elicited by each technique. Overall, 80 
responses were collected for direct weighting, and over 50 for the indirect weighting methods, allowing all 
three methods to be evaluated. The results of the stakeholder preferences for each method are presented. 
The advantages and disadvantages of each method are also discussed, particularly with regard to potential 
improvements for future disease prioritisation.
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Simulation based models may assist the identification of potentially large outbreaks
Lyytikäinen, T.1, Sahlström, L.1, Virtanen, T.1, Niemi, J.2 and Lehtonen, H.2, 1Finnish Food Safety Authority, 
Risk Assessment Research unit, Finland, 2MTT Agrifood Research Finland, Finland; 
tapani.lyytikainen@evira.fi

During an outbreak of a highly contagious animal disease, the ability to pin down potential large outbreaks 
would be valuable for proactive risk management. A simulation model was applied to produce 100,000 
different outbreak scenarios for Foot and Mouth disease (FMD). Scenarios were started from every Finnish 
pig and cattle farm. If the simulated outbreak included more than 17 farms, it was considered a large 
outbreak. A predictive model for large outbreaks was then developed (GLM, binomial-family, logit-link). 
The probability of the large outbreaks was predicted in the model by the location, number of contacts 
within 30 days, production type and size of the primary infected farm (PIF). The most valuable information 
for the prediction was the number of contacts of the PIF (Wald χ2=3,000.6; P<0.001). Production type 
of PIF had the second largest effect on prediction (Wald χ2=1,073.1; P<0.001). Size of the PIF did not 
have a significant effect on the probability (Wald χ2=0.9; P<0.357). Large outbreaks were most probable 
if the outbreak started from a dairy or sow farm. Location of the PIF in high risk regions increased the 
probability of a large outbreak (Wald χ2=787.7; P<0.001). Some additional predictive value was achieved 
also by knowing whether the PIF was located in either of two CVO-districts having the highest farm 
density (Wald χ2=40.2; P<0.001). By applying a cut-off point of 0.08, the model sensitivity was 55.8% and 
specificity 15.6%. Properties of the PIF could be applied as one indicator of a large outbreak, although this 
may have a quite limited value. However, by applying the function we were able to pin down over 55% 
of large outbreaks, which was ten times more than the expected value for large outbreaks in the country 
(5.4%). Predictive modeling would be most beneficial when applied in contingency planning before any 
real outbreaks are on hand.

Controlling disease outbreaks in wildlife using limited culling: modelling classical swine fever 
incursions
Cowled, B.D.1, Garner, M.G.2, Negus, K.1 and Ward, M.P.1, 1University of Sydney, Australia, 2Australian 
Government Department of Agriculture, Fisheries and Forestry, Australia; brendan.cowled@sydney.edu.au

Disease modelling is one approach for providing new insights into wildlife disease epidemiology. This 
paper describes a spatio-temporal, stochastic, susceptible-exposed-infected-recovered process model that 
simulates the potential spread of classical swine fever through a documented, large and free living wild pig 
population following a simulated incursion. The study area was in northern Australia. Published data on wild 
pig ecology from Australia, and international Classical Swine Fever data was used to parameterise the model. 
Sensitivity analyses revealed that herd density, daily herd movement distances, probability of infection 
transmission between herds and disease related herd mortality were highly influential on epidemic size but 
that extraordinary movements of pigs and the yearly home range size of a pig herd were not. CSF generally 
established (98% of simulations) following a single point introduction. CSF spread at approximately 9 
km2 per day with low incidence rates (<2 herds per day) in an epidemic wave along contiguous habitat 
for several years, before dying out (when the epidemic arrived at the end of a contiguous sub-population 
or at a low density wild pig area). The low incidence rate indicates that surveillance for wildlife disease 
epidemics caused by short lived infections will be most efficient when surveillance is based on detection and 
investigation of clinical events, although this may not always be practical. Epidemics could be contained 
and eradicated with culling (aerial shooting) or vaccination when these were adequately implemented. It 
was apparent that the spatial structure, ecology and behaviour of wild populations must be accounted for 
during disease management in wildlife. An important finding was that it may only be necessary to cull or 
vaccinate relatively small proportions of a population to successfully contain and eradicate some wildlife 
disease epidemics.
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Estimation of the variation that can be attributed to different levels in a clinical trial of a vaccine 
against Campylobacter in broilers
Garcia, A.B.1, Bahrndorff, S.2, Hald, B.2, Madsen, M.3 and Vigre, H.1, 1National Food Institute, Technical 
University of Denmark, Division of Microbiology and Risk Assessment, Denmark, 2National Veterinary 
Institute, Technical University of Denmark, Division of Poultry, Fish and Fur animals, Denmark, 3Dianova 
A/S, Denmark; agar@food.dtu.dk

This presentation is focusing on the interaction between the experimental design of a vaccination trial 
and appropriate data analysis using a trial of a vaccine against Campylobacter in broilers as an example. 
This study was designed using four rotations with eight isolators per rotation (10 chickens per isolator). 
Treatment was administered at isolator level on day 14 (vaccine or placebo). The broilers were inoculated 
with Campylobacter jejuni at day 31 and slaughtered at day 42. The numbers of Campylobacter (cfu/g) 
were obtained in the laboratory using selective cultivation methods and log transformed to obtain a Gaussian 
distribution. Initially, the effect of the vaccine was analyzed using all data in a t-test. Subsequently, the 
t-test was stratified by rotation. Finally, mixed linear models were used, taking into account the physical 
hierarchical setup of the trial. Results from the t-test indicate an effect of the vaccine, whereas the result 
obtained from the complex model indicated high variability between birds and isolators but not significant 
vaccine effect. The apparent observed differences between vaccinated and placebo groups in the t-tests could 
be attributed to the variation between incubators. Broilers in the same isolator had more equal numbers of 
C. jejuni compared to chickens in other incubators. It is possible that chickens in the same isolator re-infect 
each other with Campylobacter. In this study, the design effect was considerable, reducing the effective 
sample size (67 animals instead of the 290 animals included). The clustered design used in this trial was 
trying to emulate the clustering effect found in broiler flocks and farms.

Modelling the risk for avian influenza viruses in wild birds in the Ebre Delta according to their 
distribution and behaviour patterns
Alba, A.1, Bicout, D.J.2, Vidal, F.3, Curcó, A.3, Allepuz, A.1,4, Napp, S.1, García-Bocanegra, I.1,5 and Casal, 
J.1,4, 1Centre de Recerca en Sanitat Animal (CReSA), UAB-IRTA, Campus de la UAB, 08193 Bellaterra, 
Spain, 2CNRS. VetAgro Sup, Campus Vétérinaire de Lyon, 69280 Marcy l’Etoile, Unité BioMathématiques et 
Epidémiologie – EPSP TIMC, UMR 5525, France, 3Parc Natural del Delta de l’Ebre, DAAM, Av. Catalunya 
46, 43580, Deltebre, Spain, 4Departament de Sanitat i Anatomia Animals, UAB. 08193 Bellaterra, Spain, 
5Facultad de Veterinaria, UCO, Campus Universitarios de Rabanales, 14071 Córdoba, Departamento de 
Sanidad Animal, Spain; ana.alba@cresa.uab.es

The surveillance systems for avian influenza viruses (AIV) in wild birds should be adapted according to 
predominant species, populations’ sizes, migration patterns, and interaction between species.This work 
presents an individual-based stochastic model for the Ebre Delta based on the Monte-Carlo method. The 
aim was to build a flexible system to estimate the avian subpopulations that could be at highest risk of AIV 
spread for different periods in this area. Data recorded between 2007 and 2008 on the wild avian populations, 
apparent AIV prevalence, behavior, affinity and patterns of movements were incorporated as inputs. The 
model estimated that, in the breeding season AIV would affect mainly Mallards and Common Terns. And, 
in the event of having Mallards as primary cases, the main species affected would be Mallards, Coots and 
Black-headed Gulls, mostly in some specific lagoons. If the introducers were Common Terns, the species 
at highest risk would be Common Terns and Sandwich Terns in sandy beaches and bays. In the wintering 
season, AIV would be mainly introduced by Mallards, Shovelers and Common Teals, in areas of sandy 
beaches, salt marshes, rice fields and bays. And the species most likely affected as secondary cases would be 
Mallards, Coots, Herring Gulls, Shovelers, Common Teals and Pintails. This approach can serve to optimize 
the surveillance for AIV in wild birds in specific wetlands and build hypothesis about their plausible spread.
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Evaluation of control strategies for bovine viral diarrhea in Hokkaido, Japan using stochastic 
modelling
Sekiguchi, S.1,2, Presi, P.2, Schuppers, M.3, Schüpbach-Regula, G.2, Isoda, N.2,3,4, Hagiya, K.5, Takabatake, 
N.5, Umemura, T.4, Nakayama, H.1, Yoshikawa, Y.6 and Sakoda, Y.4, 1The University of Tokyo, Graduate 
School of Agricultural and Life Sciences, Japan, 2University of Bern, Veterinary Public Health Institute, 
Switzerland, 3SAFOSO AG, Switzerland, 4Hokkaido University, Graduate School of Veterinary Medicine, 
Japan, 5Hokkaido Government, Japan, 6Kitasato University, School of Veterinary Medicine, Japan; 
sekisato76@yahoo.co.jp

Infection with bovine viral diarrhea (BVD) virus in cattle can result in decreased body weight and milk 
production, reproductive disorders and death. Primary source of infection are persistently infected (PI) 
animals. In Hokkaido, Japan, all cattle entering common pasture in summer are vaccinated before movement 
to control the disease. Additionally, these cattle may be tested for BVD antigen and culled if positive. The 
efficacy of this control strategy remains nevertheless controversial. The aim of this study was to evaluate 
the efficacy of a test-and-cull and/or vaccination strategy for BVD control in dairy farms in two districts, 
Nemuro and Hiyama in Hokkaido. The herd size in Nemuro is 126 heads per farm, and in Hiyama 56 heads 
per farm. A stochastic model was developed in order to compare the different control strategies over a 10 
year period. The model is individual-based and follows the dynamic of the disease both within and between 
herds. Parameters integrated into the model were obtained from literature as well as from the Hokkaido 
government. Nine different scenarios were looked at in the model: no control, test-and-cull strategy based 
on an antigen testing either for calves or only for cattle entering common pastures, vaccination strategy 
either for all adult cattle or only for cattle entering common pastures, and combinations of these strategies. 
Results comparing the different control measures will be presented. The findings obtained from this model 
will be the first of their kind in Japan and provide important information for the implementation of BVD 
control measures in Japan.

Quantitative microbiological data analysis of a Campylobacter vaccination trial
Garcia, A.B.1, Bahrndorff, S.2, Hald, B.2, Madsen, M.2 and Vigre, H.1, 1National Food Institute, DTU, 
Division of Microbiology and Risk Assessment, Denmark, 2National Veterinary Institute, DTU, Division of 
Poultry, Fish and Fur animals, Denmark; agar@food.dtu.dk

Campylobacter jejuni is considered the main pathogen causing human campylobacteriosis and poultry has 
been identified as one of the main risk factors. Strategies that aim to control Campylobacter in poultry such 
as vaccination strategies could reduce the incidence of human campylobacteriosis. The objective of the 
present trial was to assess whether or not a vaccine candidate could give a 2 logs reduction of the numbers 
of Campylobacter in broilers. Sample size calculations indicated the use of 400 animals (200 vaccinated 
and 200 controls). The experiment was conducted in four different rotations using 8 incubators per rotation 
with 10 chickens in each incubator. The vaccination treatment was randomly assigned at incubator level. 
Broilers were challenged with C. jejuni at day 31 and faecal/caecum samples were collected at slaughter at 
day 42 and processed in the laboratory. To illustrate the importance of analysing the data in accordance with 
the setup of the study, the data was analysed both without and with taking the nested design into account. 
Initially, the effect of the vaccine was analyzed using all data in a t-test. Subsequently, the t-test was stratified 
by rotation. Finally, mixed linear models were used, taking into account the physical hierarchical setup of 
the trial. Results from the t-test indicate an effect of the vaccine, whereas the result obtained from mixed 
linear models indicated high variability between birds and isolators but not significant vaccine effect. The 
apparent observed differences between vaccinated and placebo groups in the t-tests could be attributed 
to the variation between incubators. Broilers in the same isolator had more equal numbers of C. jejuni 
compared to chickens in other incubators. It is possible that chickens in the same isolator re-infect each 
other with Campylobacter.
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What, where and weather? Integrating open-source taxonomic, spatial and climatologic information 
into a comprehensive database of livestock infections
Mcintyre, K.M.1, Setzkorn, C.1, Radford, A.D.2 and Baylis, M.1, 1Institute of Infection & Global Health 
(IGH), University of Liverpool (UoL), Department of Epidemiology & Population Health, United Kingdom, 
2IGH, UoL, Department of Infection Biology, United Kingdom; k.m.mcintyre@liv.ac.uk

What are all the species of pathogen that affect our livestock? As 7 out of every 10 human pathogens came 
from animals, with a good number from livestock and pets, it is important that we answer this question. 
Only 10 years ago, the first comparative list was compiled for humans; we still have no equivalent for 
animals. Using a new research tool, the open access ENHanCED Infectious Diseases (EID2) database, 
within this project we aim to further develop the information held within EID2, to build a comprehensive 
list of livestock and other pathogens. Previously, EID2 has been created largely from DNA and RNA 
sequences that have been uploaded onto public databases; where such sequences are from a pathogen, they 
are frequently uploaded with further information on the host, where and when it was obtained, and who by. 
EID2 takes this information, and draws conclusions; for example, that a certain type of pathogen infects a 
certain host species, and is/was present in a certain country at a certain time. Similar conclusions have also 
been drawn and added to EID2 from publications held in other public databases. EID2 also maps pathogens 
and using incorporated climate data, it can model the climate conditions that determine their distribution. 
Specifically, the improvements which will be made to EID2 will include: more spatially detailed information 
for pathogens; improvements to the database’s ability to handle records with badly defined host species; 
the addition of further environmental data to produce better models to explain pathogen distributions and 
predict them in the future, given climate change; and information to allow users to work at the level of 
diseases, rather than individual pathogens or groups of pathogens. Finally, we will give users the ability to 
add certain information of their own.

Simulated effects of introducing emergency vaccination or depopulation during FMD outbreaks in 
Denmark
Halasa, T.1, Boklund, A.1, Christiansen, L.E.2, Willeberg, P.1,3 and Enøe, C.1, 1Technical University of 
Denmark, National Veterinary Institute, Denmark, 2Technical University of Denmark, Department of 
Informatics and Mathematical Modelling, Denmark, 3University of California, Davis, Center for Animal 
Disease Modeling and Surveillance, USA; anebo@vet.dtu.dk

The purpose of this study was to explore the effects of modifying the control strategy 14 days after the first 
detection of a simulated FMD epidemic in Denmark. The spread of FMD was simulated using an adapted 
version of the stochastic and spatial disease-spread model DADS, called DTU-DADS, using Danish data on 
herd locations and movements. The epidemics were initiated in 1000 randomly chosen cattle herds located in 
cattle-dense areas. The basic scenario consisted of: the minimum EU control measures, culling of forward-
traced herds and a 3-day national stand-still on animal movements. Alternative scenarios included culling, 
suppressive or preventive vaccination of herds within 1 km. The results show that there may be positive 
effects of applying additional control measures on the size, duration and costs of a FMD epidemic. The 
median duration decreased from 56 days in the basic scenario to 46 days in both vaccination scenarios and 
40 days in depopulation scenarios. Furthermore, the median number of infected herds decreased similarly, 
but with fewer infected herds in the protective vaccination scenario. However, the total costs and losses 
of an epidemic, including export losses, changed from 562 million € in the basic scenario to 515, 539 and 
616 million in the depopulation, suppressive and protective vaccination scenarios, respectively. These 
results suggest that vaccination will often be a more expensive strategy in a country with a large export, 
like Denmark. Furthermore, the simulated results show that from the economic point of view depopulation 
in zones is often preferable.
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A metapopulation model framework to explore the value of compartmentalisation for the British 
poultry industry with respect to avian influenza
Nickbakhsh, S., Matthews, L. and Kao, R.R., University of Glasgow, Institute of Biodiversity, Animal Health 
and Comparative Medicine, United Kingdom; s.nickbakhsh@vet.gla.ac.uk

Compartmentalisation is a concept with substantial economic implications for poultry industries worldwide. 
However, the requirements for achieving compartment status, as stipulated by the World Organisation 
for Animal Health (OIE), are not specific to an individual country’s poultry industry structure, or to the 
likely inter-farm epidemiological links. For Great Britain (GB), the absence of a large outbreak of highly 
pathogenic avian influenza (HPAI) to date makes it difficult to achieve evidence-based recommendations 
for effective separation between subpopulations. We undertook an exploratory analysis of a subset of the 
British poultry industry using a metapopulation modelling framework. Subpopulations represented multi-
site companies, as informed by a network database representing industry-relevant links between poultry 
farms. By assuming compartmentalisation and zoning control would predominantly inhibit network and 
spatially-mediated epidemiological links respectively, the relative risk of infection ‘leakage’’ through 
compartmentalisation was quantified by comparing parameter thresholds corresponding to R0>1. Overall, R0 
was more sensitive to changes in network-related parameters than to spatial proximity. However, outbreak 
conditions were identified where spatial transmission under compartmentalisation was relatively more 
``risky’’ than zoning control, even at short inter-farm distances of 1 km. This infection ``leakage’’ might 
have greater consequences for farms external to the compartment, as multi-site farms were more likely to 
be within close proximity to farms of other companies. With further knowledge regarding the likely mode 
of spatial spread, such analyses could help inform an appropriate minimum inter-farm distance, for the 
definition of compartmentalisation in the event of a HPAI outbreak in Britain.

The implications for population-level spread of within-farm avian influenza transmission dynamics
Nickbakhsh, S.1, Matthews, L.1, Dent, J.E.2, Innocent, G.T.3, Arnold, M.4, Reid, S.W.J.5 and Kao, R.R.1, 
1University of Glasgow, Institute of Biodiversity, Animal Health and Comparative Medicine, United Kingdom, 
2University of Strathclyde, Department of Mathematics and Statistics, United Kingdom, 3Bioinformatics & 
Statistics Scotland (BioSS), United Kingdom, 4Veterinary Laboratories Agency, Centre for Epidemiology and 
Risk Analysis, United Kingdom, 5Royal Veterinary College, United Kingdom; s.nickbakhsh@vet.gla.ac.uk

Using the example of highly pathogenic avian influenza (HPAI) in Great Britain, we demonstrate how 
variability in farm-level transmission dynamics has implications for pathogen spread at the population-level. 
A deterministic S-E-I-R model was used to simulate the within-flock transmission of HPAI, enabling the 
build-up of infectious faeces within the poultry house to be tracked over time. A measure of the relative 
transmission potential (TP) was computed for each farm by linking the amount of infectious faeces present 
each day of an outbreak with temporally explicit catching-team movement data. Larger flocks tended to 
have greater on-to-farm movement activity. However, where density-dependent contact was assumed, 
faster detection led to a decreased opportunity for catching-team visits to coincide with an outbreak, and 
thus maximum TP-levels were found for mid-range flock sizes (~25,000-35,000 birds). When assessing 
all factors simultaneously using multivariable linear regression, those related to the pattern of on-to-farm 
movements had the largest effect on TP. However, the most important movement-related factor depended 
on the mode of transmission. These results highlight the importance of considering cross-scale dynamics 
at the farm-level, as the joint effect of interacting factors, such as flock size and the bird-to-bird mode of 
transmission, could not be predicted from the farm-level movement patterns alone.
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The efficacy of test-based culling for bovine tuberculosis control in US cattle herds: a modeling 
approach
Smith, R.L.1, Schukken, Y.H.2, Lu, Z.1 and Grohn, Y.T.1, 1Cornell University College of Veterinary Medicine, 
Population Medicine and Diagnostic Sciences, USA, 2Cornell University College of Veterinary Medicine, 
Quality Milk Production Service, USA; rebecca.lee.smith@gmail.com

In 2009, the United States Department of Agriculture proposed a new policy for elimination of bovine 
tuberculosis (bTB) from cattle herds. This included whole-herd test-based culling, using the 2-stage series 
testing protocol (caudal fold test followed by comparative cervical test), with confirmatory culture and PCR 
at slaughter. We built a stochastic model of bTB spread within US cattle herds to determine the efficacy of 
this protocol. An SERI model (susceptible-latent-reactor-infectious) was implemented with slaughterhouse 
surveillance and pulsed whole-herd testing of herds detected in the slaughterhouse surveillance. The model 
was validated by comparison of simulated data to 10 real observed outbreaks on US dairy farms in which 
test-based culling was successful. The number of positive animals observed fell within the 95% prediction 
interval for all 10 herds. In a second validation simulation study, introduction of 1 latently infected animal 
to a herd of 276 adult animals showed that 27% of all simulated herds eliminated the infection without 
detection. For detected herds, median time to detection was 27 months, and test-based culling was sufficient 
to eliminate the infection within 3 whole-herd tests. Global sensitivity analysis indicated that the model 
outcome was most sensitive to the herd’s culling rate, which is inversely related to the number of animals 
infected and which is higher in dairy herds than in beef herds. Scenario analysis showed that the number 
of animals culled was most sensitive to the number of negative whole-herd tests required to declare the 
herd bTB-free, while the length of quarantine was most sensitive to the interval between whole-herd tests. 
Overall, the model shows that the recommended test-based culling protocol should be efficacious for 
eliminating infection from herds.

One-health simulation modeling of pandemic influenza H1N1 2009 spread between humans and 
animals
Dorjee, S.1, Sanchez, J.1, Revie, C.1, Poljak, Z.2, Harvey, N.2, Mcnab, B.3 and Ledger, E.4, 1AVC, UPEI, 
Centre for Veterinary Epidemiological Research (CVER), Canada, 2University of Guelph, Population 
Medicines, Canada, 3OMAFRA, Animal Health, Canada, 4Canadian Food Inspection Agency, Atlantic 
Region, Canada; sdorjee@upei.ca

Circulation of pandemic influenza A/H1N1 2009 virus (pH1N1) in human and swine populations along 
with H5N1 virus presents the potential of another pandemic. This study investigated influential parameters 
for pH1N1 spread at the human-swine interface, and impacts of targeted vaccination and other control 
measures. It also assessed the suitability of NAADSM (North American Animal Disease Spread Model) for 
modeling directly spread zoonotic diseases. Data from swine farms (488) and human-households (29,707) 
categorized as swine workers, rural or urban in a county of Ontario were used for the study. Impacts of 6 
different combinations of transmissibility of virus at the swine-worker-swine interface, and vaccination of 
swine-workers before the outbreak at 4 coverage levels (0-60%) were assessed for human or swine origin 
of the virus. Furthermore, efficacies of control strategies (speed of detection, zoning, movement control, 
and ring vaccination) were assessed using 108 scenarios. Results were assessed using epidemic peak day, 
size and duration. No significant differences in the outcomes were evident between outbreaks of human or 
swine origin. Lower transmissibility and vaccination significantly delayed epidemic peak by 12-40 days, 
reduced total units infected by 0.6-60%, and prolonged durations of the outbreaks by 3-41 days. However, 
vaccination of swine-workers had no effect on epidemic size of urban people. For control strategies, fast and 
moderate speed of detection with movement controls of infected units alone had significant impact (outbreak 
ended with 1-8 units infected in 31-42 days) compared with slow detection (16-857 units infected over 60-
263 days). NAADSM could model directly spread zoonotic diseases under certain simplifying assumptions.
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Spatial analysis of Newcastle disease spread in Spain
Iglesias, I., Muñoz, M.J., Martínez, M. and De La Torre, A., CISA-INIA, Epidemiology & Environmental 
Health, Spain; irene_iglesias@yahoo.es

Newcastle disease (ND) is one of the most significant viral avian disease, which causes devastating losses 
to the poultry industry. In the last 10 years more than 60 countries have been affected. Understanding how 
a disease spreads as a function of its risk factors, is useful to determine appropriate surveillance plans to 
specific areas. The aim of this study was to develop a spatial model to zone the risk of spread of ND in 
industrial chickens based on risk factors. Four risk factors have been studied on each farm: biosecurity 
(biosecurity surveys), trade movements between farms (network analysis made using free Pajek software), 
farm census, and farm density (analyzed by Kernel density method). Risk factors were standardized, 
transformed into four raster layers, and compiled using Multicriteria Spatial Decision. Results were shown 
in a risk map and were classified in 4 risk levels (very high, high, medium, and low) for spread of ND. The 
spatial clustering of high-risk areas of spread of ND was evaluated using Getis-Ord test A sensitivity analysis 
was performed by Monte Carlo simulation. Results showed that broiler farms in the province of Segovia have 
a significantly higher risk of spread. We identified 20 high-risk clusters (SD>5.5.). Trade movements of live 
birds was identified as the most influential risk factor (regression coefficient =0.4). This work contributes 
to the identification of high risk areas of spread of ND which enabled applied focus surveillance efforts in 
these areas. In this way the efficiency of prevention and control systems could improve in terms of cost / 
benefit.This work was financially supported by FAU2008-0O1-CO2-01.

Combination and comparison of two spread models of highly pathogenic avian influenza (HPAI) in 
a region of Spain
Iglesias, I.1, De La Torre, A.1, Muñoz, M.J.1, Martínez, M.1,2 and Sánchez-Vizcaíno, J.M.2, 1CISA-INIA, 
Epidemiology & Environmental Health, Spain, 2Veterinary Faculty. University Complutense of Madrid, 
Animal Health, Spain; irene_iglesias@yahoo.es

Since 2003 HPAI has had devastating consequences for poultry affecting ~400 million domestic birds 
and causing ~$20 billion economic losses. Early detection of HPAI cases helps the application of control 
measures mitigating the impact of the disease. Models are an efficient way to obtain early detection enabling 
the simulation of epidemics. Until 2006 Spain was free of HPAI, however in the last 5 years 2 cases of HPAI 
were notified. Because Spanish industrial poultry sector ranked 3erd in Europe, the spread of HPAI would 
have devastating consequences on the country. Consequently a better knowledge of the dynamic of the 
spread of HPAI in Spain is needed. A comparison of two spatial spread models is the solution proposed to 
investigate the variation of HPAI risk in each zone, and the adequacy of using either in control plans. Model 
I was a deterministic spatial model based on risk factors compiled by multicriteria decision. Model II was 
a stochastic spatial simulation model carried out using InterSpread Plus. Comparing results of both models 
in each farm showed a significant correlation (Spearman coef. ρ=0.825, P=0.0). Results were classified into 
quartiles of risk (Very High, High, Medium and Low) and compared. Bivariate analysis shows a significant 
association (P=0.0), which was more significante in quartiles ‘Very high’ and ‘Low’. The consistency of 
results suggests appropriate assumptions in the introduction of parameters in each model. Similar risk farm 
classification in Very high and Low risk quartiles show that decisions to prioriced or discard control areas, 
according to risk estimated, would have been similar using either model. These areas identified could be 
selectively targeted as part of a surveillance program aimed at early detection, which could contribute to 
improved the control of HPAI.This work was financially supported by FAU2008-0O1-CO2-01.
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Characterization of swine movement networks in southwestern Ontario, Canada
Dorjee, S.1, Sanchez, J.1, Revie, C.1, Poljak, Z.2 and Mcnab, B.3, 1AVC, UPEI, Centre for Veterinary 
Epidemiological Research (CVER), Canada, 2University of Guelph, Population Medicines, Canada, 
3OMAFRA, Animal Health & Welfare, Canada; sdorjee@upei.ca

The study objective was to characterize swine movements in southwestern Ontario, Canada during the 
period 2006 to 2007 using social network analysis. The ultimate goal was to use these results for agent-
based network simulation modeling of influenza spread in swine. Data describing swine movements between 
premises (20 sow herds, 69 nursery and 162 finishing farms plus 91 abattoirs-network A) and premises’ 
attributes (farm types, herd sizes, etc.) were extracted from a database maintained by a large swine health 
and management company. Analyses were carried out separately for the network A and a subset of data with 
farms only (network F). In the network A, a total of 13,177 movements were observed between 1,150 links 
amongst 342 premises. The highest movement frequency was observed from finishing to abattoirs (49%), 
followed by those from sow herd to nursery (28%), and from nursery to finishing herds (12%). Network F 
contained 5,760 movements between 810 links amongst 245 farms. The average daily movements between 
swine farms ranged from 0.0027 to 0.3712. The overall medians (ranges) of movement off- and to-premises 
were 14 (0-409) and 6 (0-3,333) respectively for network A, and were 1 (0-409) and 8 (0-363) for the network 
F. Both networks demonstrated small-world (presence of local clusters of movements between premises 
with few long-range movements between clusters) and scale-free properties. Scale-free network indicated 
presence of few premises with relatively high number of contacts compared to most others. Consequently, 
heterogeneities of the contacts and network topologies must be considered in simulation models to improve 
accuracy of predictions of diseases spread and control measures. In conclusion, this study provided useful 
parameters for modelling diseases spread in swine that was not reported in Canada previously.

Agent-based models for assessing the effects of contact heterogeneity and network structure for spread 
of influenza H1N1 2009 virus in swine
Dorjee, S.1, Sanchez, J.1, Revie, C.1, Poljak, Z.2 and Mcnab, B.3, 1AVC, UPEI, Centre for Veterinary 
Epidemiological Research (CVER), Canada, 2University of Guelph, Population Medicines, Canada, 
3Ontario Ministry of Agriculture, Food and Rural Affairs, Animal Health & Welfare, Canada; 
sdorjee@upei.ca

Agent-based (AB) models are increasingly being used to study disease transmission and control strategies 
as they capture complex heterogeneities in individuals’ interactions. Social networks and spatial locations 
can be represented explicitly in these models. Policy interventions can be studied in more detail than that 
possible with aggregate differential equation models. Contacts between different swine farms types and their 
behaviors can vary which will influence the way diseases spread and the effectiveness of control measures. 
The impact of contact heterogeneity and network structure for the spread and control of influenza in swine 
has not been reported. Therefore the objective of this study was to compare the impacts of heterogeneity 
of contacts and network topologies (such as random, small-world, scale-free) on the spread and control of 
influenza A/H1N1 2009 virus in swine using AB network models. Swine population data from a county in 
Ontario comprising 488 farms (39 sow herds, 137 nursery and 312 finishing farms) were used. Stochastic 
SEIR (susceptible-exposed-infectious-recovered) AB network models were constructed using AnyLogic®. 
Each agent represents a farm and contacts between swine farms are incorporated explicitly using different 
network structures in the models. Effectiveness of targeted vaccination and quarantine measures were 
assessed. Parameters were extracted from literature. Modeled outcomes were assessed by peak incidence, 
cumulative incidence, duration and speed of outbreaks. Final results including an assessment of the value 
of this modelling approach will be presented. Such models could be easily adapted for other infectious 
diseases of swine (e.g. FMD, PRRS, etc.).
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Planning low pathogenicity avian influenza virus (LPAIV) surveillance in a live bird market: 
integrating the laboratory, field and computer
Carpenter, T.E.1,2, Yee, K.S.1 and Cardona, C.J.1,3, 1University of California, Medicine and Epidemiology, 
USA, 2Massey University, EpiCentre, New Zealand, 3University of Minnesota, Veterinary Microbiology and 
Public Health, USA; T.E.Carpenter@Massey.ac.nz

Low pathogenicity avian influenza virus (LPAIV) may cause morbidity and mortality in domestic and wild 
birds and severe economic losses for commercial poultry operations. Live bird markets (LBMs) are settings 
where birds from several locations comingle with other birds, poultry workers and the general public. 
Control of LPAIV is dependent on development of an efficient LPAIV surveillance program in LBMs, 
which may be assessed using simulation modeling. The development of a simulation model involves the 
integration of a variety of tools necessary to properly specify model parameters. In our situation, it was 
necessary to perform virus transmission trials generating data that were analysed with advanced statistical 
techniques, and then combine these findings with production and field data in order to parameterize a disease 
spread model. Only then, were we able to accurately assess alternative control strategies. In this study, we 
will report the results of simulated LBM-LPAIV transmission trials, the application of Bayesian statistics 
to quantify transmission coefficients of multiple virus transmission routes and infection state durations, 
combined with the specification of an LBM network in a computer simulation model. The approach used 
to simulate virus spread in the LBM network in a spreadsheet format will be illustrated. In addition, results 
of the simulation model will be presented to compare the efficiency of alternative surveillance strategies, 
including sample size and testing frequency calculations. Findings show the benefit of a multidisciplinary 
approach in solving disease control policy issues.

Bayesian spatial and temporal distribution of the risk of campylobacteriosis associated with travel 
in New Zealand
Amene, E.1, Horn, B.2, Pirie, R.2, Lake, R.2 and Döpfer, D.1, 1University of Wisconsin-Madison, Medical 
Sciences, USA, 2Environemental Science and Research, Christchurch, New Zealand; amene@wisc.edu

With increasing travel and trade opportunities, there has been a greater risk of contracting enteric illness 
across borders. In this study, a hierarchical Bayesian spatio-temporal regression model for travel associated 
campylobacteriosis was fitted to data about the annual number of reported cases in short term travelers 
returning to New Zealand during 2000-2005. The data consisted of travel patterns (from Statistics New 
Zealand) and the number of notified campylobacteriosis cases amongst travelers returning to New Zealand 
from several regions of the globe. A total of 58,061 cases were notified and 1,769 (3%) were travel associated; 
however, for more than half the cases (58%), short term travel status prior to notification was unknown. 
Therefore analysis to estimate the risk from traveling was restricted to the confirmed travel cases. We used all 
the cases to estimate the risk distribution in different Regional Councils (RC) of New Zealand in the five year 
period. At the outset, the expected baseline risk of campylobacteriosis was assumed to be the same for all 
RCs. A Bayesian Poisson gamma model which accounts for both correlated and uncorrelated heterogeneity 
was fitted to determine the smoothed estimate of relative risk for disease across travel destinations and 
RCs. The results of the analysis have shown a trend in the risk of travel associated campylobacteriosis for 
traveling to different regions, and a distinct distribution of risk in the different RCs of New Zealand. The 
spatial & temporal structures accounted in the model have broad applications to predicting future spatio-
temporal distributions of other diseases in other regions of the world. This work is funded by the National 
Institutes of Health Ruth L. Kirschstein National Research Service Award Institutional Training Grant T32 
RR023916 from the National Center for Research Resources.
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A data mining approach to assessing EAD risk scenarios: an example of using cattle movement records 
to assess the effect of saleyard amalgamation
Durr, P. and Graham, K., Australian Animal Health Laboratory, Geelong, Australia, Australia; 
peter.durr@csiro.au

Saleyards (or livestock markets) are critical points in the transmission of infectious exotic animal disease 
(EAD). Not only is there mixing of animals from different farms, but the stress of travel and intermingling 
can lead to increased shedding and /or susceptibility to infection. In addition, where saleyards receive and 
dispatch animals over long distances, the possibility for rapid spread over wide areas becomes possible. 
This was the case of the foot-and-mouth disease incursion in the UK in 2001, where sheep markets were a 
critical determinant in allowing the initial outbreak to become an epidemic. Traditionally in Australia, each 
rural town possessed a saleyard. However, in the past 10 years, the national saleyard network has become 
more regionalized with significant numbers of the smaller saleyards closing down. In order to assess the 
potential effect of this saleyard amalgamation on the management of an infectious exotic animal disease 
outbreak, we data-mined approximately 38 million records from Australia’s cattle movement register, the 
National Livestock Identification System). Based on the presumption that one of the biggest challenges in 
managing an EAD event is tracing of potentially infected animals, we explored scenarios of a single infected 
animal entering a saleyard of five size categories. This nationwide analysis using all available data, was run 
for scenarios of spread of disease before detection of 1, 2 and 3 weeks. The estimated number of farms to 
be traced varied from a median of 5 from a small saleyard and 1 week of silent spread to median of 3,549 
from a large saleyard with a three 3 week non-detection period, with a maximum number of 12,691 farms 
to be potentially traced. The results demonstrate the greater hazard posed by saleyard amalgamation, but 
this need not equate to greater risk, if these larger saleyards have in place better disease detection and/or 
tracing capability

Non-inferiority clinical trials to evaluate the efficacy of teat disinfectants
Ceballos, A.1, Lopez, M.2, Rauch, B.J.3, Hemling, T.4 and Schukken, Y.H.5, 1Universidad de Caldas, 
Colombia, 2DeLaval, USA, 3Cornell University, USA, 4DeLaval, USA, 5Cornell University, USA

Protocols to evaluate the efficacy of teat disinfectants are based on those approved by Nat’l Mastitis Council. 
An experimental disinfectant is superior to an established one in studies planned as superiority trials. The 
aim could be just to show that an experimental product is not superior but equivalent to or not inferior to an 
established control. Collecting duplicate milk samples from all quarters at evenly spaced intervals is the basis 
of current protocols, but low SCC quarters are most likely to show negative results when cultured. Single 
quarter milk samples may be sufficient to define the bacteriological status of a quarter. Thus combining single 
quarter milk sampling and SCC thresholds to define eligibility for samples to be cultured might be adopted 
to test teat dips. Our objective was to describe the methodology to compare the efficacy of an experimental 
teat dip (ED) vs. a control (CD) based on proving non-inferiority. Trials have been designed as one-sided 
studies to demonstrate the ability to reduce naturally occurring new IMI. Two trials were conducted on 
commercial dairy herds to demonstrate that the difference in effect (risk of new IMI=ED–CD) should be 
no less than -Δ. A new IMI rate of 0.03 was assumed for the CD, and a detectable difference between ED 
and CD -Δ=0.03 (doubling of new IMI). The essence then was to identify whether the conclusion of no 
difference could be interpreted as a non-inferiority claim, also based on a proper power calculation of the 
performed trial. Logistic mixed models were used for analyses. Differences in new IMI were negligible, 
thus the ED were not inferior to CD. We conclude this with a power of 81%. For all practical purposes, this 
was as close as possible to concluding that the ED were equal in efficacy, providing evidence of a valid 
and field-tested methodology to evaluate the efficacy of teat dips under the assumption of non-inferiority.
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Predicting the structural development in Danish livestock and how it affects control strategies against 
FMD
Christiansen, L.E.1, Halasa, T.2, Boklund, A.2 and Enøe, C.2, 1Technical University of Denmark, Department 
of Informatics and Mathematical Modelling, Denmark, 2Technical University of Denmark, National 
Veterinary Institute, Denmark; anebo@vet.dtu.dk

The purpose of this study was to assess if the optimal control strategy against foot-and-mouth disease (FMD) 
spread is invariant to structural development in Danish livestock until 2030. The DTU-DADS model as 
presented by Halasa et al. uses demographic information of all farms including their location, size, and 
production type. The main challenge was to predict the demographic data. Based on data for all herds with 
animals susceptible to FMD in the Central Husbandry Registry from 1999 to 2010 and supplementary 
data for swine herds from Danish Agriculture & Food Council (2002 to 2009), all farms were classified by 
production type and size each year. A total of 88 classes were used. For each species group (cattle, swine, 
and sheep and goat) a transition probability matrix (TPM) was estimated based on the ten year to year 
transitions. It was hypothesized that there might be regional differences. This was assessed by dividing 
Denmark into 7 regions, counting all transitions per region, and comparing these counts to the country 
wide counts using a Chisq test. Due to the regionalization some of the less populated size categories were 
merged to reduce noise. All regions were found to have significantly different TPMs. These TPMs were 
used in a Markov chain to predict the distribution of farms in year 2030. However, the predictions were 
unrealistic as far too many farms opened – since all closed farms were allowed to reopen. It was decided 
to make the closed state a terminal state and make an independent prediction of how many farms should 
open each year. The best model was a log-linear model for each region. The combined result is a reduction 
from 51,031 herds in 2007 to 14,126 farms in 2030 with larger average size. From an economic point of 
view the best control strategy in 2030 will be depopulation whereas vaccination no longer is better than 
the basic EU control strategy.

Sample size optimization through a multimodel approach
Bryssinckx, W.1, Ducheyne, E.1, Mintiens, K.1, Leirs, H.2 and Hendrickx, G.1, 1Avia-GIS, Belgium, 2University 
of Antwerp, Belgium; wbryssinckx@avia-gis.be

To assess disease transmission risk in developing countries, decision makers generally rely on livestock 
distribution estimates from survey records or projections of outdated enumeration results. Given the high 
cost of large-scale surveys, sample size is often restricted and the accuracy of estimates is low, especially 
on a high spatial resolution. Therefore, this study explores possibilities of improving livestock distribution 
map accuracy by applying spatial modelling procedures. Regression tree forest and multiple regression 
models were developed using subsets of the Uganda 2008 Livestock Census data and several covariates. 
The accuracy of the modelling techniques was evaluated by comparing the modeling results, aggregated 
at different administrative unit levels, with results from the complete census dataset. Because individual 
survey records, which are used to train the spatial models, hold important information about local livestock 
abundance, the accuracy of averaging spatial modelling results with locally aggregated survey records was 
also evaluated. Relative error analysis shows that spatial modelling results are more accurate than aggregated 
survey records when considering administrative units with low livestock numbers. High livestock numbers 
are often underestimated. When applying a weighted average to spatial model outputs and aggregated survey 
records, relative errors are significantly lower in each of the livestock abundance classes. The presented 
multimodel approach thus effectively increases livestock estimate accuracy without increasing sample size. 
Conversely, this implicates lower sample size requirements for similar accuracy levels leading to a more 
efficient use of financial resources. Main issues to consider when applying the described approach are the 
differential weighting of the aggregated model outcome depending on sample size, the weight of the spatial 
model and which administrative unit level to aggregate to.
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A mathematical model to investigate the transmission of CTX-M genes between E. coli in the bovine 
gut
Simons, R., Arnold, M., Randall, L. and Coldham, N., Animal Health and Veterinary Laboratories Agency, 
United Kingdom; Mark.Arnold@ahvla.gsi.gov.uk

Commensal Escherichia coli are bacteria commonly found in both livestock and people and they can also 
be involved in disease in both. As infection is generally asymptomatic, the bacteria can enter the food chain 
undetected and infect people. Extended spectrum beta lactamases are enzymes that break down 3rd and 4th 
generation cephalosporin antibiotics, which are commonly used as front line treatments in hospitals. CTX-M 
genes encoding for these enzymes are usually carried on plasmids and studying the molecular epidemiology 
of these genes is key to understanding their origin and spread and hence for designing control measures. We 
propose a model specifically designed to model the resultant transmission of CTX-M genes between donor 
and recipient bacteria in the bovine gut, via conjugation and transduction, due to invasion of ‘foreign’ donor 
bacteria. We parameterise the model based on the bacteria being strains of E. coli and use it to investigate 
the effect of cephalosporin use in cattle, which kill off and inhibit the growth of recipient bacteria. Based 
on comparing the model results with those of an experimental study, we extend the deterministic model 
to stochastically simulate the variability in the duration of infection and concentration of bacteria during 
the latter stages of infection, when levels shed in faeces are generally below the limit of detection (102 
cfu/g), but sporadic ‘spikes’ in concentration of up to 104 cfu/g are observed. The model results suggest an 
association between antibiotic usage and high CTX-M levels. In the baseline model, initial concentrations 
of up to 107 cfu/g of CTX-M E. coli will decay exponentially, generally reducing to below 102 cfu/g within 
10 days. However, when cephalosporins are used the bacteria persist for longer in higher concentrations. 
This could have consequences for farm level transmission, with high levels of bacteria being shed in the 
environment by infected animals for longer periods of time.

How do we set the probability of introduction in a scenario tree model to demonstrate freedom from 
disease?
Christensen, J.1, Stryhn, H.2 and Vanderstichel, R.2, 1Canadian Food Inspection Agency, Canada, 2AVC/
UPEI, Canada; Jette.Christensen@inspection.gc.ca

As part of surveillance to demonstrate freedom from disease we may apply scenario tree models to estimate 
the probability that a population is free. Briefly a presentation of scenario tree models may be organized 
in five distinct categories: (1) definitions to present the objective (case definition (CD), population, design 
prevalence (DP), time period (TP)); (2) starting point; (3) inputs (probability of introduction (PrIntro), 
diagnostic test sensitivity); (4) data; and (5) outputs (system sensitivity, probability of freedom (PrFree)). 
With PrIntro we understand the probability that the disease is introduced to the population and it spreads 
among the units to the level of the DP in a TP. Therefore, PrIntro depends on the DP and TP. In addition, 
the TP should be defined to meet the underlying assumption of the model that the disease status of the units 
are independent from one time period to the next. Finally, the CD may affect how we determine the DP. We 
postulate that the impact of PrIntro and its relationships with DP, TP and CD may not be well understood. 
This is a problem in development of scenario tree models because a) the impact of PrIntro on the outcome 
PrFree may be substantial and b) PrIntro is very hard to determine emperically. A common way to determine 
PrIntro is to devide I by the number of TPs that the population has been free from the disease. We summarize 
how DP, TP and PrIntro were determined in published scenario tree models and then explore and describe 
the relationships in a simulation study.
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Modeling endemic foot-and-mouth disease virus transmission in Cameroon
Pomeroy, L.W.1, Kari, S.2, Dickmu, S.2, Moritz, M.1, Xiao, N.1, Liang, S.1 and Garabed, R.B.1, 1Ohio State 
University, Preventative Veterinary Medicine, USA, 2Centre d’appui a la recherche et au pastoralisme, 
Cameroon; rebecca.garabed@cvm.osu.edu

Foot-and-mouth disease is endemic in the Far North Region of Cameroon, where preliminary data show 
at least annual outbreaks. In this host-pathogen system, multiple serotypes infect migratory cattle. Mobile 
pastoralists in the region go on seasonal transhumance and share pastures with sedentary pastoralists and 
trade cattle from regional and international networks. To test competing hypotheses about sources of Foot-
and-mouth disease endemicity, we use nested susceptible-exposed-infected-recovered (SEIR) models. First, 
we investigate seasonally dependent transmission driven by transhumance. Second, we probe seasonal 
changes in survivorship. Third, we test the effects of waning maternal and convalescent immunity. Third, 
we investigate the role of carrier animals, defined as those who have been persistently infected with foot-
and-mouth disease virus for 28 days or longer. Lastly, we assessment host movement between herds, 
defined by local trade. Our work shows how mathematical models can be used within a hypothesis-testing 
framework and is important since identifying sources of long-term viral transmission can be helpful for 
optimal veterinary intervention of this harmful pathogen.

Modelling the within-herd transmission dynamics for bovine tubercolosis in British cattle
O’hare, A., Orton, R.J., Bessell, P.R. and Kao, R.R., University of Glasgow, United Kingdom; 
Anhony.OHare@glasgow.ac.uk

Bovine Tubercolosis (bTB) in British cattle has been an increasing problem since at least the early 1970s. 
The control of bTB is mainly based on regular herd testing, slaughterhouse inspection and pre-movement 
testing in Great Britain. Each herd is regularly tested at intervals of 1-4 years and if an infection is found the 
infected animals are culled and the herd quarantined. We present a mathematical model of bTB transmission 
incorporating latent stages, a wildlife reservoir, animal ages and testing strategies. The model is run for bTB 
test data and a ‘typical’ herd areas using breakdown data from herds in 1 and 4 year testing areas. Several 
models including herd and individual super-spreaders are compared and assuming no knowledge of the 
parameters in the model, we determine those that maximise the likelihood of observed breakdown patterns. 
The transmission parameters obtained using this model broadly agree with accepted values but with low 
test sensitivities which are consistent across the areas modelled. The observed breakdown patterns are best 
explained by incorporating a small percentage of super-spreading individuals and herds into the model. 
From the parameters obtained from the model estimates of the time to detection of the disease within a 
typical herd show that 75-80% of the disease is captured by current testing strategies.
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Rift Valley fever in Kenyan pastoral livestock: simulation with an individual-based demographic 
model
Fuhrimann, S.1,2, Kimani, T.M.3, Hansen, F.3, Bett, B.3, Zinsstag, J.1,2 and Schelling, E.,1,2, 1University 
of Basel, Switzerland, 2Swiss Tropical and Public Health Institute, Epidemiology and Public Health, 
Switzerland, 3International Livestock Research Institute, Kenya; mugethikimani@yahoo.com

Rift Valley Fever (RVF) is a viral zoonosis and a mosquito-borne disease caused by a phlebovirus in the 
family Bunyaviridae. It affects livestock, humans and wildlife. Epidemic outbreaks of RVF in East Africa, 
which occur after heavy rainfalls in cycles of 5-15 years, have caused next to human morbidity and mortality 
considerable economic losses throughout the livestock production and market chain. Establishment of a 
pastoral livestock demographic model simulating alternating normal and drought periods (appropriate for 
the Sahel) and RVF epidemics. We have developed an individual-based model to simulate the following 
scenarios (1) the demographic dynamics of cattle, camels, sheep and goats in North Eastern-Province; (2) 
an RVF outbreak in livestock and the RVF immunity status afterwards; and (3) impacts of control measures 
(combinations of vaccination, sanitary measures, surveillance, vector control and awareness campaigns). 
The baseline and RVF-attributable mortalities can be simulated and show the losses due to RVF. Further, we 
can retrieve proportions of affected animals, grouped in species, age classes and sex, as well as the number 
of infected slaughtered and sold animals. Sheep and goats are most likely to spread the disease through 
livestock trade. Slaughtered infected sheep are an important risk factor to human RVF infection. Our results 
assist in the assessment of cost-benefit and cost-effectiveness of interventions which should improve future 
intersectoral livestock – public health contingency planning. The ratio of susceptible/immune hosts can 
further support the prediction system by consideration of the immunity levels years after a previous outbreak.

Bovine mortality predictive model: a new tool for veterinary-based syndromic surveillance
Ciaravino, G.1,2, Ascaso, S.2,3, Torres, G.4, Flores, V.2, Romero, L.4, Tejedo, P.5 and Simón, F.2, 1EPIET – 
ECDC, Sweden, 2ISC-III, Centro Nacional de Epidemiología, Spain, 3PEAC – ISCIII, Spain, 4Ministerio 
de Agricultura, Alimentación y Medio Ambiente, Spain, 5Entidad Estatal de Seguros Agrarios, Spain; 
gciaravino@isciii.es

Mortality monitoring contributes to early detect the introduction of diseases, guide risk-based surveillance 
programs and assess timely the impact of veterinary and public health threats, providing information for 
decision-making. The use of syndromic surveillance increased as new information systems making possible 
the exchange of data in near-real time are available. The objective of our study was to model unspecific 
mortality baseline in cattle in order to identify excess mortality and generate alert signals. This study covered 
a specific area of Spain. Data were obtained from the State Agency of Agricultural Insurance and the National 
Registry of Farms databases. Individual death records included information on date of carcass removal, 
animal ID, farm ID and production type. We analyzed cattle weekly mortality from 2005-2010. Specific 
mortality baseline was estimated for dairy cows, suckler cows and fattening calves. Data variability was 
stabilized by applying a Box-Cox transformation. A Serfling model, adjusted by Minimum least squares, 
was used to analyze trend and seasonality. We considered three thresholds (80%, 90%, 95% IC) to establish 
low, medium and high risk signals. A CuSum algorithm was used to quantify short term deviations from 
expected mortality. Models showed significant 6-months cycles, peaking in spring and autumn. In the 
study period 28 signals were detected: 14 low, 3 medium and 11 high risks. Four signals were observed 
in calves, 12 in dairy and 12 in suckler cows. This system considering different risk thresholds allows for 
easy classification of signals. We are working with veterinary authorities to verify signals generated, assess 
model performance with 2011 data and extend this model in other regions to strengthen the traditional 
surveillance systems in place.
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A new tool for risk-based surveillance combining network analysis of animal trade and probability 
of disease introduction based on known animal movements and disease prevalence
Frössling, J.1,2, Nöremark, M.2 and Lindberg, A.2, 1Swedish University of Agricultural Sciences, Sweden, 
2National Veterinary Institute, Sweden; jenny.frossling@sva.se

In recent years, network analysis has become established in veterinary epidemiologic research. The different 
measures that are being used have usually been developed within other fields of research and therefore 
there is a need to evaluate their usefulness within the veterinary field, and also to develop new measures for 
specific disease control purposes. A new measure, the ingoing infection chain, has recently been proposed. It 
includes the direction and the temporal order of the contacts, and has been used to analyze contacts between 
cattle herds as regards live animal trade and potential introduction of disease. In this paper, this measure 
is developed further to include also the number of animals purchased. In addition, disease prevalence at 
different levels in the population is taken into account. For each trade contact, the probability of purchasing 
at least one infected animal is calculated considering the total number of animals purchased and the expected 
prevalence of disease within the herd of origin. In case there are known high-risk categories, different 
prevalences for different population strata are applied. The total probability of introducing disease through 
the purchase of animals is then calculated based on all purchases and the between-herd prevalence. The 
calculations are performed in a stepwise manner where the probability of disease at each step in the chain 
of contacts acts as a prior for the next. Examples are given for different diseases (bovine corona virus 
infection and bovine paratuberculosis) and a simple dataset of cattle trade to illustrate how this measure 
captures the characteristics of the specific diseases. The approach can be useful for classifying herds for 
disease control and surveillance purposes.

Space-time modelling of the spread of salmon lice within and between marine salmon farms
Aldrin, M. and Storvik, B., Norwegian Computing Center, Norway; magne.aldrin@nr.no

Infectious diseases constitute a constant threat to the marine fish farming industry with major economic 
implications, in addition to being a problem for fish welfare and the environment. Sea lice are paracites that 
occur in both wild and farmed salmon. In the recent years, the incidence of sea lice in Norwegian marine 
salmon fams has increased significantly. Every month, the number of lice are counted on a small sample 
of fish (twenty, say) at each salmon farm in Norway, and the lice frequency, i.e. the average number of lice 
per fish, are reported to a central data base. We have developed a stochastic space-time model where the the 
monthly lice frequency at all Norwegian salmon farms are modelled simultaneously. The set of salmon farms 
are regarded as a network where the degree of contact between each pair of farms depends on their seaway 
distance. The expected lice frequency at a each farm is modelled as a function of (1) the lice frequency 
previous month at the same farm; (2) the lice frequencies previous month at neighbouring farms; and (3) 
other, unspecified sources. In addition, the model includes explanatory variables such as sea temperature 
and fish abundance at each farm. The model can bee seen as a complex vector autoregressive model, where 
the response variables are counts, the dimension is very high (about 1,400 farms) and the autoregressive 
coeffisient are highly structured (depend on seaway distances, sea temperatures etc.). The model may be 
used to investigate the effect of various measures to reduce the incidence of sea lice. Of special interest 
could be simulations of various scenarios with regard to geographic location of fish farms. The work has 
been performed in close cooperation with the Norwegian Veterinary Institute and the Norwegian Institute 
for Nature Research.
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A within-herd state transmission model for MAP infection in farms co-grazing deer and sheep in 
New Zealand
Marquetoux, N.1, Mitchell, R.2, Wilson, P.1, Ridler, A.1, Stevenson, M.1, Verdugo, C.1 and Heuer, C.1, 
1Institute of Veterinary, Animal and Biomedical Sciences, Massey University, EpiCentre, New Zealand, 
2College of Veterinary Medicine, Cornell University, Department of Population Medicine and Diagnostic 
Sciences, USA; n.marquetoux@massey.ac.nz

Pastoral farming in New Zealand (NZ) is characterized by all-year grazing and strong seasonality of 
production cycles. Sheep, beef and deer commonly co-graze on the same pasture concurrently or sequentially. 
Mycobacterium avium subspecies paratuberculosis (MAP) is the causative agent of Johne’s disease (JD), 
occurring worldwide in farmed ruminants. JD is a chronic wasting disease limiting the production in 
intensive farming systems. MAP infection is endemic in all livestock species in NZ. This pathogen is sub-
classified into type I (S, sheep) and type II (C, cattle) strains. In mixed species pastoral systems, both MAP 
types occur, are transmitted between species, and have been associated with different prevalence of infection 
and incidence of JD on New Zealand farms. Considering the interaction of C and S strains on inter-species 
MAP transmission dynamics allowed us to evaluate the beneficial impact of selected co-mingling strategies 
on prevalence of infection and incidence of JD in the two respective species. We developed a two-host 
two-strain state-transition model of MAP transmission dynamics among deer and sheep grazing the same 
pasture. The transmission was driven primarily by pasture contamination. Seasonal density changes and 
age-related grazing management influenced pasture contamination levels. MAP transmission was simulated 
with both type I and type II strains competing for hosts. The impact of two co-grazing interaction types 
between deer and sheep were studied (either concurrent or sequential). This model predicts the prevalence 
of MAP infection and incidence of JD in sheep and deer with two different strains of MAP, for different 
patterns of co-grazing. This contributes to identify optimal co-grazing strategies in multi-species farms 
regarding JD management.

Between farm contacts in western Kenya: implications for disease transmission
De Glanville, W.A.1,2, Bronsvoort, M.B.3 and Fevre, E.M.1,2, 1International Livestock Research Institute, 
Kenya, 2Centre for Immunity, Infection and Evolution, University of Edinburgh, United Kingdom, 3Roslin 
Institute, University of Edinburgh, United Kingdom; w.a.de-glanville@sms.ed.ac.uk

The transmission dynamics of infectious disease depends on the frequency and type of contacts between 
susceptible and infectious individuals or groups. Between-farm contact structures have been defined in 
several countries, and have been widely used to model disease spread. In this study, we describe the farm 
contact structure in an area of western Kenya where the frequency and range of between-farm contacts was 
previously unknown. We focus on the specific between-herd contacts that are thought to be risk factors for 
the transmission of Brucella spp.. Through door-step interviews, all cattle farmers within a single 30 km2 
administrative area, chosen as being representative of the diversity of cattle production systems present 
within the wider Western province of Kenya, were asked to report the identity and frequency of contacts 
with neighbouring herds, including co-grazing, the use of shared water points, and shared bulls. Moreover, 
the on and off-farm movement of cattle from within and outside the area under study, as well as a range 
of farm husbandry and production practices, were characterised. The between-farm contact network was 
investigated using social network analysis. To test for non-random interactions based on production type, 
we used multivariate statistical approaches to classify farms into distinct ‘sub-groups’ based on animal 
and farm management practices. This was followed by a set of ‘mixing matrix’ approaches in which herd 
assortativity based on sub-group membership was assessed. The contact network defined by this study will 
be used to inform disease transmission models for brucellosis in western Kenya. In particular, understanding 
the mixing patterns of different animal production systems in this mixed farming area will contribute to 
models describing animal reservoir dynamics for human brucellosis.
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Network analysis of livestock movements in New Zealand pastoral farms in regard with disease 
transmission
Marquetoux, N., Heuer, C., Wilson, P. and Stevenson, M., Institute of Veterinary, Animal and Biomedical 
Sciences, Massey University, EpiCentre, New Zealand; n.marquetoux@massey.ac.nz

Social network analysis (SNA) provides valuable information to predict herd-level disease status. Livestock 
movement data for 2006 to 2010 were provided from Landcorp Ltd. (LC), a state-owned enterprise comprised 
of 127 farms throughout New Zealand (NZ). In total there were 3,531 movement events involving 1.15 
million sheep, cattle and deer. In this paper we describe our analytical approach and its relevance to the 
transmission of infectious disease. Contacts were defined at the level of batches or valued with the number 
of animals (relevant for chronic disease transmission). Most movement events (97%) were within the same 
island (97%) rather than between the North and South islands. The network showed a high level of clustering 
of farms. There was a high variance in the number of individual contacts per farm and a positive correlation 
between the number of contacts in and out of farms. This could favour disease transmission through highly 
connected farms. Depending on the year, 82 to 95% of farms were directly or indirectly connected by 
animal movements, facilitating transmission of disease. Removing the 10% of farms linking the clusters 
contributed significantly to disconnecting the network, which fell apart into smaller, less interconnected 
clusters. Analysing the consistency of movements between years showed that the number and intensity of 
contacts were consistent across years. However, 80% of farms shifted their trading partners between years. 
Time (in)consistency of the pairs of farms is an appropriate measure to analyse farm-to-farm transmission 
of chronic diseases such as paratuberculosis. SNA identified central farms in the observed contact pattern. 
We show the potential impact of targeting these farms to efficiently decrease the connectedness of the 
network. The understanding of the pattern, intensity and consistency of contacts is a first step for evaluating 
associations between movements of livestock and infectious disease.

A two-strain mathematical model of paratuberculosis in a sheep-beef pastoral farming system in 
New Zealand
Verdugo, C.1, Mitchell, R.2, Wilson, P.1 and Heuer, C.1, 1Massey University, New Zealand, 2Cornell 
University, USA; C.Heuer@massey.ac.nz

A deterministic model simulating the transmission dynamics of Mycobacterium avium subspecies 
paratuberculosis (MAP) and the effect of control measures on prevalence and clinical incidence was 
developed. The model considered the most common farming system for beef and lamb production 
characterised by whole year grazing both sheep and beef cattle jointly or in sequence with a strongly 
seasonal reproduction cycle. MAP was shed into the environment leading to indirect transmission. The 
model assumed closed breeding herd/flock, all-year co-grazing with random mixing of sheep and beef 
cattle, and a homogenous dispersion of MAP on pasture. All MAP transmission other than vertical/pseudo-
vertical pathways was assumed to be due to indirect transmission through contaminated pasture. The model 
was calibrated based on field data on infection prevalence, clinical incidence, and associations between 
MAP-strains and host species. A recent survey indicates that MAP infection is widespread in sheep and 
beef cattle flocks/herds and suggested that most beef cattle herds were infected with MAP type I (S, sheep) 
strains commonly associated with sheep and assumed to be less pathogenic in cattle than MAP type II (C, 
cattle) strains. Most sheep flocks were infected with S strain. Our model assessed if beef cattle were able to 
sustain MAP type I infection after paratuberculosis was reduced in sheep, and vice versa, sheep were able to 
sustain MAP type II infection after paratuberculosis was reduced in beef cattle. Control measures included 
the variable use of pasture and the effect of management interventions such as test & cull or vaccination.
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Effect of mixed livestock production types on foot and mouth disease outbreaks and interventions
Mcreynolds, S.W.1, Sanderson, M.W.1 and Reeves, A.2, 1Kansas State University, Department of Diagnostic 
Medicine and Pathobiology, USA, 2Colorado State University, Animal Populatin Health Institute, USA; 
sarawm@vet.k-state.edu

The central United States (U.S.) has a large livestock population including cattle, swine, sheep and goats. 
Simulation models were developed to assess the impact of livestock herd types and vaccination on Foot and 
Mouth Disease (FMD) outbreaks using the North American Animal Disease Spread Model (NAADSM), a 
spatially explicit, stochastic infectious disease model. Based on data from the U.S. Department of Agriculture 
National Agricultural Statistic Service, a simulated population of livestock operations was generated. The 
population included 151,620 herds defined by latitude and longitude, production type, and herd size. For the 
simulations, a single 17,000 head feedlot was selected as the initial latently infected herd in an otherwise 
susceptible population. Contact rates between herds were based on survey data of livestock producers in 
Kansas and Colorado or estimated from expert opinion. The livestock producer survey indicated a significant 
proportion of mixed beef-swine herds (approximately 8% of herds) not accounted for in previous models. 
As such, scenarios were simulated in two populations, one without beef-swine herds and one with beef-
swine herds. Scenarios were simulated in each population with either no vaccination or a vaccination ring 
around each infected premise. The results of the scenarios were compared to assess the effect of mixed 
beef-swine herds on the impact of the outbreak and the effect of vaccination. Results demonstrated that 
the inclusion of mixed beef-swine herds had minimal impact on the median duration of disease, and the 
total number of herds and animals destroyed. While, inclusion of mixed production types could increase 
the contact rates between different livestock production types this did not seem influential for the modest 
proportion of mixed production types in these scenarios. Modeling of FMD outbreaks may be robust to 
small misspecification of production types.

Quantifying and comparing input parameters based on GPS data of wild pigs in California, U.S.A.: 
implications for wildlife disease models
Holmstrom, L.K.1, Carpenter, T.E.1,2, Geraghty, E.M.3, Hullinger, P.J.1 and Scott, H.M.4, 1University of 
California, Davis, Veterinary Medicine and Epidemiology, USA, 2Massey University, Institute for Veterinary, 
Animal and Biomedical Sciences, New Zealand, 3University of California, Daivs, Division of General 
Medicine, USA, 4Kansas State University, Diagnostic Medicine/Pathobiology, USA; 
lkholmstrom@ucdavis.edu

Feral swine/wild pig populations are dramatically increasing in the U.S.A. and their distributions are 
becoming more widespread. Estimates of their numbers are over 5 million, with the majority of feral swine 
located in Florida, Texas and California. They pose serious risk for transmitting diseases in domestic and 
wildlife populations. Exotic transboundary diseases, such as foot and mouth disease and classical swine 
fever, introduced into this population could go undetected for prolonged periods of time, self-limit, or 
become endemic. Computer modeling is one tool that can be used to help understand a biologic system and 
predict the behavior and responses of disease spread to interventions when it is not possible to evaluate these 
on the real life system itself. However, high model confidence cannot be obtained without appropriate and 
sufficient empirical data as these data are needed to develop model input parameters. As such, we collected 
data from wild pigs fitted with GPS collars in various landscapes and ecoregions in California between 2010 
and 2011. We used GIS and longitudinal analyses to quantify the spatial structure and movement behavior 
of wild pig populations across various landscapes. These input parameters were also compared by hog type, 
sex, age, time of day, and ecoregion. Quantification and distributions of these types of input parameters, and 
an understanding of their uncertainty, are needed in order for disease models to be developed and simulate 
infectious disease spread with confidence.
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Network analysis of cattle movements in relation to bovine tuberculosis transmission risk in Minnesota, 
US
Ribeiro Lima, J.1, Thompson, B.2, Craft, M.E.1 and Wells, S.J.1, 1University of Minnesota, Veterinary 
Population Medicine, USA, 2Minnesota Board of Animal Health, USA; jlima@umn.edu

Bovine tuberculosis (BTb) was first diagnosed in cattle through slaughter surveillance in Minnesota (MN) 
in 2005. By the end of 2008, 12 cattle herds had found to be infected with BTb, and one of the causes for 
infection was determined to be the movement of infected animals between herds. USDA granted split-state 
status to MN in 2008, upgrading most of the state to modified-accredited advanced and only a smaller area 
of 6,915 km2 in northwestern Minnesota as modified accredited (MA). The state has now been declared BTb 
free; however, since January 2008 all cattle movements within the MA were recorded. The objective of this 
study is to characterize cattle movements in a high risk area for BTb in MN and also identify which herds 
might have a higher risk to become infected and to infect other herds. The data used in this analysis includes 
the years 2008 through 2011. During this period, 3,762 movements were recorded with 57,460 cattle being 
moved, corresponding to permits issued to 682 premises, mostly representing private farms, sale yards, 
slaughter facilities and county fairs. Although, sale yards represented less than 2% of the nodes (premises), 
60% of the movements were to or from a sale yard. Less than 2% of movements, both into and out of the 
MA zone involved locations outside MN (other states and Canada). Movements occurring between herds in 
the MA zone corresponded to 24% off the total number of movements. Preliminary network analysis was 
performed on 35% of the data (complete analysis will be presented at the conference). The network showed 
a density of 1%, a fragmentation of 88% and a clustering coefficient of 56%. The betweenness centralization 
index was 6.52%. The degree distribution showed that 25% of nodes performed 81% of movements. This 
analysis provides novel description about the contact structure of cattle movements in a high risk area for 
BTb, essential to support future surveillance decisions.

Risk targeted surveillance for avian influenza in Cuba
Ferrer, E.1, Alfonso, P.1, Abeledo, M.1, Fonseca, O.1, Ippoliti, C.2, Percedo, M.1, Pérez, A.3, Blanco, 
P.4, Sánchez, B.4, Fernández, O.1 and Calistri, P.2, 1Centro Nacional de Sanidad Agropecuaria, Cuba, 
2Istituto Zooprofilattico Sperimentale dellAbruzzo e del Molise, G. Caporale, Italy, 3Instituto de Medicina 
Veterinaria, Cuba, 4Instituto de Ecología y Sistemática, Cuba; ferrer@censa.edu.cu

In order to increase the sensitivity of the active surveillance system for avian influenza (AI) a risk based 
model was developed to identify areas at higher risk of disease introduction, represented for Cuba by the 
migratory waterfowl transit in autumn and spring. A map with the risk of introduction of AI was constructed 
by Suitability Map with ArcGIS 9.3.1 de ESRI. This model considered distance from settlement of migratory 
waterfowl, densities of farms and poultry in a particular area combined by tool weighted overlay. The spatial 
model permitted to better focus the sampling activities, definitively improving the overall sensitivity of the 
AI surveillance system. The possible exposure of the population most at risk to be exposed to the infection, 
considering the consequences of such exposure, in terms of animal densities and the existence of the flocks 
with higher economical importance was also evaluated to better target the surveillance system.

Poster topic 08 Poster 84

Poster topic 08 Poster 83



ISVEE – Book of Abstracts 2012 411

Epidemiological aspects of swine industry animal movements network in Minas Gerais, Brazil
Oliveira, C.S.F.1, Gonçalves, J.P.M.2, Utsch, J.F.B.3, Nicolino, R.R.1, Silva, M.X.1 and Haddad, J.P.A.1, 
1Universidade Federal de Minas Gerais / Instituto Nacional de Ciência e Tecnologia – Pecuária, Preventive 
Veterinary Medicine, Brazil, 2Instituto Mineiro de Agropecuária, Brazil, 3Autonomous Veterinary, Brazil; 
rafa_uent@hotmail.com

International trade requires accurate tracking of animal products by country members. Brazil stands as the 
fourth greatest producer of swine, producing more than three million tons per year. Minas Gerais is the 
fourth largest state in swine production and exhibits the classical swine fever free status. This article aims to 
describe a GIS-based epidemiological study for characterizing swine movement network in Minas Gerais. 
The swine industry involves the intensive animal movement, producing a complex network, interconnections 
which may represent risk of transmissible disease spread. Detailed description of transportation network 
may evidentiate the key disease risk pathways. Data provided by the Minas Gerais State Agriculture Institute 
involved 58,823 animal transportation authorizations issued in 2009 which were studied in three stages: 
descriptive, spatial and network flow dynamics analysis, involving 5,354,735 swine. After the descriptive, 
spatial analysis was performed by the software Terraview 4.0.0® and the flow analysis was carried out 
using the software Pajek 1.24®, both freeware. Network flow dynamics analysis revealed more intensive 
movement to slaughter house (79.95%) followed by finishing (10.64%) and reproduction purposes (9.38%). 
Transportation of swine in Minas Gerais is concentrated in five of its twelve regions, and all companies 
and compartments of the swine industry are connected. The network approach, based on graph theory, can 
be used more efficiently to the development of swine disease control programs and crisis management, 
because it considers the heterogeneity of the swine flow of Minas Gerais.

The impact of a delay in detection of a contagious disease on epidemic size in Western Australia
Madin, B.1, Hawkins, C.2 and Cameron, A.1, 1AusVet, Australia, 2Department of Agriculture and Food 
Western Australia, Australia; ben@ausvet.com.au

Australia exports around one billion dollars worth of livestock every year. The impact of an outbreak of a 
disease that risked this trade could have a devastating effect on the economy if it were allowed to spread 
unchecked. The effect of a delay in detection in terms of the overall affected area was assessed using 
network analysis. Records of cattle movements in Western Australia were extracted from the National 
Livestock Identification System (NLIS) database for the period July 2005 to June 2008. The records were 
de-identified to ensure privacy. The origin and destination of each record was limited to the level of the 
local government area. The data were analysed for spatial and temporal patterns. Network analysis was used 
to identify important characteristics of the data related to disease spread. Nearly four million records were 
analysed. Significant seasonal variation in movement patterns existed, against a background of an increase 
in the number of movements recorded. A small number of shires are central to a large proportion of all cattle 
movements. A web-based query tool was developed to allow rapid analysis of a user defined subset of the 
data. Mandatory notification of cattle movements has created an opportunity for greater understanding of 
the movement of livestock in Australia. Every doubling of the time to detection could result in an additional 
15 local government areas becoming infected. Restrictions on the use of the data are limiting the value of 
this resource for planning and protecting the livestock industry.
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Introducing SERVAL: a new generic framework for the evaluation of animal health surveillance
Drewe, J.A.1, Cook, A.J.2, Floyd, T.2, Gunn, G.3, Hoinville, L.J.2, Rushton, J.1 and Stärk, K.D.C.1, 1Royal 
Veterinary College, University of London, United Kingdom, 2Animal Health and Veterinary Laboratories 
Agency, Weybridge, United Kingdom, 3Scottish Agricultural College, Inverness, United Kingdom; 
jdrewe@rvc.ac.uk

Animal health surveillance programmes tend to evolve but are rarely evaluated to ensure that they provide 
valuable information in an efficient manner. The evaluations that are conducted are often unstructured 
and therefore incomplete. To address this gap, we have developed SERVAL, a SuRveillance EVALuation 
framework, which is novel and generic and so suitable to evaluate any animal health surveillance system. 
SERVAL has been designed to assist in the comprehensive evaluation of single surveillance components 
(activities) or entire surveillance programmes. It is intended to be very flexible so it may be used to 
evaluate surveillance for any health condition in any species (or group of species). It is anticipated that its 
main use will be in the evaluation of existing surveillance systems but we believe that it will also prove 
useful in the design phase of new surveillance programmes. The SERVAL framework was developed 
following a technical workshop of international experts and a consultation processinvolving providers 
and user of surveillance and evaluation data. It has been applied in several case studies encompassing 
varying surveillance and evaluation objectives. Anyone familiar with epidemiological concepts and with 
a reasonable knowledge of a disease under surveillance should be able to use the SERVAL framework to 
conduct an evaluation. In this presentation, we will give an overview of the structure of the framework 
and illustrate how to use it. We will show its flexibility at facilitating comprehensive evaluations of animal 
health surveillance systems with a range of surveillance and evaluation objectives. Users’ experiences of 
the framework will be discussed.This project is funded by Defra.

FAO EMPRES-i: a tool for early warning of animal diseases
Pinto, J., Lockhart, C. and Larfaoui, F., Food and Agriculture Organization of the United Nations (FAO), 
Animal Production and Health Division, Italy; julio.pinto@fao.org

The increase in occurrence and emergence of Transboundary animal diseases (TADs) in countries around 
the world calls for timely and reliable disease information to enhance early warning and response. The 
web-based FAO EMPRES Global Animal Disease Information System (EMPRES-i), was designed to 
support country level veterinary services in this regard, facilitating access to regional and global disease 
information. The EMPRES-i system collects and processes animal disease outbreaks information to support 
analysis, risk assessment and early warning activities New features being developed such as a module 
to collect information on animal disease surveillance activities implemented through FAO projects and 
joint projects with national, regional and international partners. In addition, a first genetic phylodynamics 
module is currently being designed to integrate genetic data from influenza virus sequences stored in open 
databases, such as Openflu for H5N1 HPAI viruses. IN the near future this module will be extended to 
include data from the FAO/OIE World Reference Laboratory Pirbright on sequences available for FMD 
virus. A mobile application prototype for smart phones is being developed, to be used for rapid reporting 
of disease information from the field will be available in 2012.s. Data sharing and interoperability is a 
key activity promoted by FAO EMPRES/GLEWS to enhance surveillance and early warning. FAO is 
further integrating databases with other information systems.Data sharing is also a key activity of the 
implementation of the Joint FAO/OIE/WHO Global Early Warning System (GLEWS). This paper describes 
the system with particular focus on new developments implemented and collaborations undertaken to better 
enhance early warning.
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Highly pathogenic avian influenza surveillance on the Gangetic Plains, a cost-benefit analysis
Loth, L., Consultant Veterinary Epidemiology, Animal Health, International Project Management, 
Netherlands; lhloth@gmail.com

Despite considerable efforts to control and eradicate Highly Pathogenic Avian Influenza (HPAI), subtype 
H5N1, the disease remains present in South Asia. HPAI causes great economic losses to the poultry industry 
and still has the potential to trigger a human influenza pandemic. This study compares the effectiveness and 
costs of different HPAI surveillance systems. From the countries, India, Bangladesh, Nepal and  Bhutan, the 
HPAI situation, the economy of the poultry industry, the losses caused by HPAI, the costs of surveillance 
and response and the effectiveness of the national and regional control programs are recorded and compared. 
India conducts extensive and frequent sero-surveillance in all 35 states. Weekly over 1000 diagnostic 
specimens are tested at an annual cost of US$ 10 million. Bangladesh employs over 1000 community animal 
health workers and 60 veterinarians to conduct active surveillance, at a cost of US$ 2 million yearly. Bhutan 
and Nepal rely on passive surveillance; Farmers, village leaders and community animal health workers report 
to state veterinarians. Costs of US$20,000 (Bhutan) and US$250,000 (Nepal) arise from awareness training. 
Bangladesh has reported most HPAI outbreaks and suffered the biggest economical losses. Although 
considerable disease control efforts  nationally and regionally, HPAI remains endemic in the Gangetic 
Plains. The expensive active sero-surveillance in India has not detected any HPAI, instead the disease 
outbreaks were reported through passive surveillance. In Bangladesh, only 40% of all HPAI outbreaks are 
detected by the active surveillance system. The current Surveillance systems have contributed to disease 
control but not sufficient. Our findings suggest that the costs of surveillance in India and Bangladesh are 
not justifiable and disease control efforts should be re-evaluated.

the effectiveness and enhancement of reporting of suspect exotic disease by private veterinarians
Mcfadden, A.M.J., Bingham, P., Frazer, J., Van Andel, M. and Brandenburg, N., Investigation and Diagnostic 
Centre, New Zealand; andrew.mcfadden@maf.govt.nz

The interaction between the private veterinary community and the farmer clients is an important means of 
passive surveillance for exotic disease in livestock. It is likely that the private veterinarian will be the first 
one to observe clinical signs relating to an incursion of a number of exotic, production limiting diseases 
in livestock. Hence, early reporting is essential to an efficient and effective response. A comparison was 
made between the reporting of suspect exotic disease by a veterinarian trained as an epidemiologist and 
skilled in exotic disease recognition and the wider veterinary community. This veterinarian was assumed 
to be the benchmark for the quality of reporting possible within an effective surveillance system. The 
frequency and validity of the reports made by the benchmark veterinarian was assessed by determining 
the number of reports made per unit time in relation to the number that resulted in a formal exotic disease 
investigation by government officials. The reports from the benchmark veterinarian were compared to the 
frequency and validity of reports made by other large animal veterinarians. On the basis of this assessment 
the potential level of under reporting was estimated. In conjunction to this analysis approximately 281 private 
veterinarians were surveyed in order to assess factors that might influence reporting. Factors examined in 
the survey included the country where veterinary training was received (local versus overseas); age, gender, 
experience of veterinarian; location of the veterinary practice. Different methods of publicising the process 
of reporting were examined as well as the timeliness of current reporting. The results from this survey are 
summarised.
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Optimization of culture conditions for detecting Mycobacterium avium ssp. paratuberculosis in wood 
bison
Forde, T.1, De Buck, J.1, Kutz, S.1, Elkin, B.2 and Orsel, K.1, 1University of Calgary, Canada, 2Government 
of the Northwest Territories, Canada; tlforde@ucalgary.ca

Wood bison (Bison bison athabascae) are a threatened species native to northern Canada and Alaska. One of 
the most critical actions for re-establishing viable free-ranging populations has been to translocate animals 
to begin new herds or to supplement existing ones. An inherent risk of moving individuals is the possibility 
of spreading infectious pathogens to new herds or geographic locations, for example Mycobacterium 
avium ssp. paratuberculosis (MAP), the causal agent of Johne’s disease. MAP was previously detected in 
several wood bison herds using fecal polymerase chain reaction (PCR); however, attempts to culture those 
samples were unsuccessful. MAP strain(s) infecting wood bison have not been investigated in detail, and it 
is possible that a genetically distinct form with different culture requirements is present. Small variations in 
culture protocols can alter the sensitivity of a culture assay and culture requirements may differ depending 
on the strain of MAP. This study aims to optimize culture conditions for isolation of MAP from bison fecal 
and tissue samples by evaluating the sensitivity of a panel of different culture conditions (n=18) based 
on current methods used for MAP detection in domestic livestock. Variations will be made to the type of 
medium, the supplements added and the decontamination protocols. Fecal and tissue samples from bison 
that have tested positive by direct fecal PCR will be tested, and results will be presented on the success of 
the panel of conditions in culturing MAP from these samples. Establishing reliable culture techniques will 
assist in determining the distribution of MAP among wood bison herds and enable advanced molecular 
characterization of isolates for further epidemiological study of within and between-herd transmission. 
Understanding the distribution of MAP among wood bison herds will help facilitate informed conservation 
management of this threatened species.

Relevance of the Indirect ELISA comparing to Real-Time PCR for Q fever diagnosis in sheep
Khaled, H., Merdja, S., Dahmani, A., Rahal, K. and Bouyoucef, A., Laboratory of Animal Reproduction 
Biotechnology (Lbra), University of Blida, Department of Veterinary Sciences, Algeria; 
khaledhamz@yahoo.fr

Q fever is a zoonosis widely reported in the world. The causative agent is Coxiella burnetii, an obligate 
intracellular bacterium. Clinically, the infection is asymptomatic in ruminants, but it can lead to reproduction 
disorders. In order to determinate the relevance of the Indirect ELISA comparing to Real-Time PCR for 
the diagnosis of Q fever in ewes at lambing or abortion period, a study was conducted with 56 sera and 61 
vaginal swabs collected from the same females. The indirect ELISA was used to detect specific antibodies 
against C. burnetii and RT-PCR to detect bacterial DNA after shedding. Results indicate that 7 sera have 
a positive value in ELISA test and all the RT-PCR were negatives. Our findings can be only interpreted 
as an evidence of a previous infection or an ancient exposure to C. burnetii and Q fever has a relatively 
low role in abortion in the study area. We suggest that the indirect ELISA cannot be performed to detect a 
Q fever infection at an individual level, it becomes very useful for studies at population, especially when 
laboratories where Q fever can be diagnosed are limited.

Poster topic 09 Poster 5

Poster topic 09 Poster 4



ISVEE – Book of Abstracts 2012 415

Prevalence of bovine viral diarrhea virus in bulk tank milk in southern of Brazil
Egocheaga, R.M.F., Machado, G., Hein, H.E., Miranda, I.C.S., Neto, W.S., Almeida, L.L., Corbellini, L.G. 
and Canal, C.W., Universidade Federal do Rio Grande do Sul, Brazil; lgcorbellini@hotmail.com

Bovine viral diarrhea virus (BVDV) has worldwide distribution and tends to be endemic in most cattle 
populations, reaching herd prevalence of 60-80%. Economic losses occur mainly due to reduce milk 
production, respiratory and reproductive disorders and even death among animals that acquire acute 
infection. For these reasons it is necessary to study the herd prevalence of the disease for the purpose of 
detection and monitoring infected herds. The purpose of this study was to estimate the prevalence of BVDV 
antibodies in bulk milk tank samples of dairy herds in an important dairy production region in the state 
of Rio Grande do Sul, Brazil. The target population was composed by 1,604 dairy herds from which 314 
were randomly sampled. Sample size was calculated considering an absolute precision of 5%, expected 
prevalence of 43%, and 95% confidence level. Samples of bulk milk tank were collected from those herds 
to determine antibody levels against BVDV by a commercial ELISA test. The results of ELISA were 
interpreted according to the Swedish BVDV control scheme, which classifies the herds into four different 
classes (0, 1, 2, 3) based on corrected optical density (COD). About 96.5% of herds were distributed in class 
0 or 1 (absence of antibodies or very low prevalence), 2.5% in class 2 and only 1% in class 3 of antibodies 
to BVDV. The true prevalence of BVDV was 24.3% (IC 95%: 20.1-29.3%). This low percentage of herds 
with high levels of antibodies may be due to the current biosecurity and sanitary condition of the farms 
as well as the low numbers of animals per herd. The epidemiological situation of BVDV infection in this 
population represents conditions favourable to launching a control program; it also demonstrates the studied 
population’s high susceptibility to the introduction of new infections.

A Bayesian model for herd prevalence estimate of Newcastle disease virus
Marks, F.S.1, Rodenbusch, C.R.1, Costa, E.F.1, Hein, H.E.1, Okino, C.H.2, Brentano, L.2, Canal, C.W.1 and 
Corbellini, L.G.1, 1Universidade Federal do Rio Grande do Sul, Medicina Veterinaria Preventiva, Brazil, 
2Embrapa Suínos e Aves, Brazil; lgcorbellini@hotmail.com

Newcastle disease virus (NDV) is the etiological agent of Newcastle disease (ND) and can infect domestic 
and wild birds. It can cause an acute and highly contagious viral disease. Infected birds can transport the 
virus over long distances and immune carriers can shed the virus indefinitely. Epidemiological data on NDV 
is scarce in Brazil. The aim of this study is to detect the presence of NDV in backyard flocks in the main 
wintering site for migratory birds in southern Brazil. The target population comprised all the domiciles 
raising poultry within 3.5 km around the main wetlands in the region (n=131). Sample size was designed 
to detect with 95% probability an infected flock with a herd-level prevalence (HP) of 5% (n1=48). Within 
each flock a fixed number of 9 (n2) birds were randomly selected. Considering an average test sensitivity 
(TSE=90%) and test specificity (TSP=93%) of a real-time reverse transcriptase PCR (RRT-PCR) applied in 
tracheal and cloacal swab and a within-herd prevalence of 30%, the average herd sensitivity (HSE) and herd 
specificity (HSP) were 96% and 76% respectively. A Bayesian model was developed to estimate herd-level 
prevalence using an uninformed prior with a HP likely to range from 0% to 25%. A binomial distribution 
was used as likelihood function considering the numbers domiciles infected, sampling size (n=48), HSE, 
HSP and HP. The posterior distribution for prevalence was normalized using a general function provided in 
@risk. Ten thousand iterations were used. A total of 411 birds were sampled from 48 domiciles. All swabs 
were negative in RRT-PCR. The mean HP estimated by the model was 2.1%; the cumulative distribution 
showed that there is approximately 95% probability that the HP is less than 6.1%. Results suggest that if 
the NDV is present the prevalence is probably low.
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Matched case control study of bovine viral diarrhea virus (BVDV) in a dairy cattle population in the 
State of Rio Grande do Sul, Brazil
Machado, G., Egocheaga, R.M.F., Hein, H.E., Miranda, I.C.S., Neto, W.S., Almeida, L.L., Canal, C. and 
Corbellini, L.G., Universidade Federal do Rio Grande do Sul, Brazil; lgcorbellini@hotmail.com

Bovine viral diarrhea virus (BVDV) is one of the most important diseases of cattle in terms of economic cost 
and welfare, being widespread in dairy cattle population. The aim of this study was to identify risk factors 
for the presence of antibody against BVDV in bulk milk tank in dairy herds. The target population was based 
on a companion study done for the estimation of the prevalence of BVDV in bulk milk tank samples. BVDV 
antibody-positive herds presenting corrected optical density (COD)≥0.25 (n=21) were classified as cases 
and matched (n=63) by the milk production level with herds with COD<0.25 (case –control ratio of 1:3). A 
questionnaire was applied to get information about possible risk factors. The outcome variable of interest 
was whether the herd had high levels of BVDV antibody (i.e. COD≥0.25) or not. Univariate conditional 
logistic regression was performed in order to select potential risk factors variables (PROC PHREG, SAS). 
Only variables with a P<0.15 were offered to the multivariable model. The model was built using forward 
selection starting with the variables with the lowest AIC values from the univariate analysis and backward 
elimination. Three variables were significantly associated with the presence of BVDV antibodies in the 
dairies (P≤0.05), which were included in the final multivariable model: area for isolation of sick animals 
(OR=0.14, CI 95% 0.02-0.90) and farms that uses age as a criterion to cull cows (OR=0.10; CI 95%: 0.01-
0.80) which were protective factors and farms that had already provided milk to others industries (OR=4.10; 
CI 95%: 1.00-15.63). It is important to generate hypothesis about risks of diseases in order to understand 
the mechanisms of disease transmission and spread.

Prevalence survey and spatial analysis of bovine herpesvirus
Miranda, I.C.S., Hein, H.E., Costa, E.F., Machado, G., Neto, W.S., Marks, F.S., Almeida, L.L., Canal, C.W. 
and Corbellini, L.G., Universidade Federal do Rio Grande do Sul, Brazil; lgcorbellini@hotmail.com

Bovine herpesvirus (BoHV) is an important pathogen of cattle that has worldwide distribution. Infection can 
cause substantial economic losses due reproductive failures and increased calf mortality. The identification 
of infected herds is commonly based on the detection of BoHV-specific antibodies in sera or milk samples. 
The aim of this study was to estimate the herd prevalence of BoHV in dairy herds and to evaluate the viral 
dissemination with spatial scan statistic. The target population was composed by 1,656 semi-intensive dairy 
herds in southern Brazil from which 300 were randomly sampled. Sample size was calculated considering an 
absolute precision of 5%, expected herd prevalence of 58%, and 95% confidence level. Samples of bulk milk 
tank were collected from those herds to determine antibody levels against BoHV by a commercial ELISA 
test. SaTScan 9.1 software with Bernoulli model was used to detect areas of significantly high rates of BoHV 
infection. The software has a circular window, variable in size and position in a given study region, and each 
circle is a possible candidate cluster. This window was set in maximum radius of 10 km and an upper limit 
of 50% of the population at risk. From the 300 samples, 12 were excluded due to inconclusive results. The 
prevalence of BoHV antibodies in bulk milk tank was 27.1% (CI 95%: 22.5%-33.3%). There were observed 
one most likely cluster (P=0.099) and five secondary clusters (P≥0.675). The most likely cluster had 8.91 
km radius window with all 5 herds positive, when only 1.38 positive herds were expected. The moderate 
prevalence of BoHV and the presence of clusters of positive herds suggest the relation between cases and 
possible viral dissemination among them due to proximity. Disease clusters may occur either because herds 
share common risk factors or via transmission between herds through the movement of infected animals.

Poster topic 09 Poster 9

Poster topic 09 Poster 8



ISVEE – Book of Abstracts 2012 417

Use of a lung scoring method for pigs at slaughter to identify farms with high mean lung scores in 
the Philippines
Alawneh, J.I.1, Barnes, T.S.1, Parkes, C.1, Lapuz, E.2, Dazo, K.3, Villar, E.4 and Blackall, P.J.1, 1University 
of Qeensland, Australia, 2Dept Agriculture, Region III, Philippines, 3BAI, Philippines, 4PCAARRD-DOST, 
Los Banos, Philippines; j.alawneh@uq.edu.au

The main objective of this study was estimate the prevalence of high lung scores farms based on lung 
scores of individual animals in the Philippines. The study was conducted between 1st October 2011 and 
31st January 2012 in Region III. Multistage stratified random sampling was used to select calendar days 
and slaughterhouses. Systematic random sampling was used to select pigs for lung scoring. The lungs were 
palpated and visually appraised to detect lesions of pneumonia by one experienced veterinarian. Mean lung 
scores of slaughtered batches originating from the same farms were compared using a Kruskal-Wallis test. 
The prevalence of high lung score farms (HLS) and confidence intervals was estimated using a logistic 
regression model. Total number of lungs scored was 1,255 originating from 305 farms. Mean batch lung 
scores were different among backyard and commercial farms (χ119.36, d.f 1, P<0.001). The prevalence of HLS 
farms was high (30%, 95% CI 25-35%). This is in agreement with the literature and shows the feasibility of 
adopting a quantitative lung scoring method to monitor lung lesions in slaughtered pigs in this region. The 
results also suggest that some pigs can be infected late in the cycle developing lesions close to slaughter. 
Compared with backyard farms, commercial farms were three times more likely to have mean lung scores 
values higher than the mean of all farms (OR 3.14 95% CI 1.91-5.21; P<0.001). This demonstrates the effect 
of production system on respiratory disease dynamics in the study farms. The overall mean lung score for 
farms in Region III was high and the production system was associated with high mean lung scores at the 
farm level. It is recommended that potential risk factors associated with respiratory disease are identified 
and further investigated in an attempt to reduce mean lung scores on Region III pig farms.

Beta lactam antibiotics residues in cow’s milk: comparison of efficacy of three commercial screening 
tests used in Bosnia and Herzegovina
Seric-Haracic, S.1, Fejzic, N.1, Begagic, M.1 and Salman, M.D.2, 1University of Sarajevo, Veterinary faculty, 
Bosnia and Herzegowina, 2Colorado state university, College of veterinary medicine and biomedical 
sciences, USA; sabina_seric@hotmail.com

Beta (β) lactam antibiotics are widely used as therapy for bacterial infections in cattle, especially for mastitis. 
Monitoring of antibiotic residues in cow’s milk in Bosnia and Herzegovina (BiH) is in accordance with the 
European Union standards. All commercial dairies use antimicrobial residue tests, and 95% of the testing 
is for β lactams. The aim of this presentation is to show the results from a study conducted to evaluate 
and compare the efficacy of three most widely used screening tests for β lactam residues in cow’s milk 
in BiH. Following tests were used in the study: SNAP β Lactam test (Idexx), Rosa Charm β Lactam test 
(Charm Sciences) and Inhibition MRL test (A&M), applied by testing procedures as prescribed by their 
manufacturers. Study samples included: 10 each of the six standardized concentrations of penicillin (0, 2, 
3, 4, 5 and 6 ppb) and 120 milk samples from four study animal groups. The groups included: 30 animals 
treated with β lactams for diseases other than mastitis, 30 animals treated with β lactams for mastitis, 30 
animals treated with β lactams but sampled after withholding period and 30 animals not receiving any 
antibiotic therapy during current and prior lactation. Analytic sensitivity was determined for each test 
using standard penicillin concentrations. Agreement of the tests results was assessed in each study animal 
group using Kappa coefficients with correspondent 95% confidence interval calculated for each test pair. 
Even though rapid tests for β lactam residues have many advantages, positive results for concentrations 
of residues under prescribed maximum residue limit (MRL) result in unnecessary losses of milk and cost 
related to its disposal.
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Use of a national Johnes serum survey to help design a least cost surveillance programme in a low 
prevalence environment
Mullowney, P.1, More, S.2, Graham, D.3 and Good, M.1, 1Department of Agriculture, Food and the Marine, 
Ireland, 2UCD School of Agriculture, Food Science and Veterinary Medicine, Centre for Veterinary 
Epidemiology and Risk Analysis, Ireland, 3Animal Health Ireland, Ireland; 
margaret.good@agriculture.gov.ie

A serum prevalence survey was carried out in Ireland in 2009 on 1,654 herds picked randomly from all the 
herds in the country, which were subject to an annual brucellosis test. All 78,123 females and breeding bulls 
over 24 months-of-age in these herds were tested using a ID vet ELISA test. There were 286 positive herds 
and 91 herds had two or more positives. The overall prevalence of infected herds, based on the presence of 
at least one ELISA-positive animal, was 17.41%. The herd prevalence level amongst dairy herds (27.76%) 
was higher than among beef herds (12.7%). The animal level prevalence for all breeds was 0.60% but some 
breeds had a higher prevalence than this. Only 5.5% of all herds had more than one ELISA-positive infected 
animal. The herd corrected seroprevalence excluding herds with only one positive result was 5.50%, dairy 
herds were 9.7% and beef herds 3.6%. The data was analysed to investigate the possibility of screening 
herds for Johne’s disease using a sub sample of the total herd. Using data from the present survey it was 
determined that if a sub sample of eight of the oldest animals in the herd were selected 64.58% of the 
positive herds would have been missed.

Accuracy of visual inspection of cause of death of dairy cows at incineration plants
Alvåsen, K.1, Jansson Mörk, M.1,2, Thomsen, P.T.3, Hallén Sandgren, C.4 and Emanuelson, U.1, 1Swedish 
University of Agricultural Sciences, Department of Clinical Sciences, Sweden, 2Swedish Dairy Association, 
Sweden, 3Aarhus University, Department of Animal Science, Denmark, 4DeLaval International AB, Sweden; 
karin.alvasen@slu.se

Dead cows are routinely brought to incineration plants and monitoring the influx may be useful for early 
detection of emerging (infectious) diseases. A prerequisite is that it can be determined if the cow was 
euthanized or died unassisted, because a sudden increase in the latter may be indicative of an outbreak. The 
objective of this study was to evaluate the accuracy of visual inspection at the incineration plant as a means 
to distinguish between the two types of deaths. The two main incineration plants in Sweden were visited 3 
times, 3 days each, in spring, summer and autumn during 2011. The identity, and whether the cow was shot 
in the forehead or not, was recorded for all dairy cows entering the incineration plants during these days. 
We phoned the owner of the cow within 3 weeks after the cow was examined and asked whether the cow 
died unassisted or was euthanized. A total of 468 cows examined, also had information from the farmers. 
The comparison demonstrated that there were discrepancies between the observations. According to the 
farmers (gold standard) the proportion of cows that died unassisted was 30%, while the visual inspection 
(test) found that the proportion was 40%. Three cows were euthanized by an overdose of an anesthetic, 
which explained some of the discrepancy. The sensitivity and the specificity of the visual examination 
were 93% and 83%, respectively. The positive predictive value was 70% and the negative predicted value 
was 97%. This study showed that visual inspection of dairy cows at incineration plants overestimate the 
proportion of cows that died unassisted. The accuracy of the method is however judged to be sufficient to 
monitor the proportion of unassisted death.
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Sensitivity of mortality reporting by the French oyster farmers
Lupo, C.1, Osta Amigo, A.1, Mandard, Y.V.2, Peroz, C.3, Arzul, I.1, François, C.1, Garcia, C.1 and Renault, 
T.1, 1Ifremer, La Tremblade, France, 2Departmental Direction for Territories and Sea, La Rochelle, France, 
3Oniris, Nantes, France; clupo@ifremer.fr

As diseased shellfish show only very seldom symptoms, any mortality event can be a disease suspicion. In 
theory, monitoring of mortality events in shellfish can thus provide a tool for early detection of infectious 
diseases in order to implement effective control measures. This consists in passive mortality event reporting 
by shellfish farmers to the local competent authority. Sensitivity of the detection of mortality events is a key 
quality indicator for this type of surveillance. Since 2008, increased mortality outbreaks occur in Pacific 
oysters Crassostrea gigas in France, leading to economic losses. It is important to evaluate how much 
the outbreaks have altered the quality indicators of the reporting system and if this modification is long-
standing, to achieve an effective early detection tool. The yearly evolution of sensitivity of the passive farmer 
reporting was estimated during 2007-2010 in the main oyster production area in France, using a capture-
recapture analysis and accounting for unequal catchability. Information on mortality events were obtained 
from existing annual databases of mandatory mortality reporting (capture) and from a questionnaire-based 
cross-sectional survey conducted in 2010 as part of larger study of oyster mortalities (recapture). Sensitivity 
significantly varied according to the year, from 0.25 (CI95% 0.18-0.39) to 0.79 (CI95% 0.67-0.96), 0.52 
(CI95% 0.42-0.70) and 0.75 (CI95% 0.62-0.96) in 2007, 2008, 2009 and 2010, respectively. Important under-
reporting was observed in 2007. Sensitivity increased concurrently with outbreaks occurrence and with 
implementation of financial incentive for mortality reporting. The achieved completeness was satisfactory. 
However, bottlenecks for reporting or solutions to facilitate reporting have to be identified to improve 
sensitivity of the reporting system on a long term period, whatever the epidemiological situation is.

Agreement of diagnostic assay results within and between laboratories
Jordan, D., Morris, S., Coilparampil, R. and Kirkland, P., New South Wales Department of Primary 
Industries, Biosecurity NSW, Australia; david.jordan@dpi.nsw.gov.au

Rapid expansion in the inventory of laboratory assays available for detecting animal disease has stimulated 
interest in finding better ways of describing their performance. Guidelines for validation of assays now 
emphasise the need to assess agreement within laboratories (repeatability) and between laboratories 
(reproducibility). However, methodology suited to providingr robust inferences on agreement is poorly 
defined. For these reasons we aimed to assess repeatability and reproducibility for an ELISA used to 
detect antibody against bovine herpes virus 1. One thousand assays were performed on 20 sera in five 
laboratories in 10 weekly batches. Ten of the sera were negative for antibody by virus neutralisation 
test (VNT) and ten were VNT positive. Agreement of S/P ratio results was assessed graphically, using 
the coefficient of variation statistic and intraclass correlation coefficients (ICC) derived from variance 
components. Simulations evaluated the impact of sero prevalence on the estimates of reproducibility of 
S/P. Graphically, the S/P of VNT -ve sera had low repeatability due to low signal to noise ratio confirmed 
by the low values of ICC across all laboratories (range 0.01 to 0.27). S/P for VNT +ve sera showed a high 
signal to noise ratio, greater variation due to sera and higher estimates of repeatability (ICC range 0.63 to 
0.92). Lab to lab variation caused the reproducibility of S/P ratio (agreement between laboratories) for VNT 
+ve sera (ICC 0.52) to be lower than repeatability estimates. Coefficients of variation were high for VNT 
-ve sera and unexpectedly low for VNT +ve sera. While measures of agreement do not replace measures 
of diagnostic accuracy, they are informative in many practical circumstances provided their limitations are 
acknowledged. Epidemiologists could encourage wider adoption of the measures illustrated here and so 
improve the development and validation of laboratory assays for animal disease.
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Implementation of the French platform for epidemiological surveillance in animal health
Hendrikx, P.1, Fediaevsky, A.2, Dominguez, M.1, Touratier, A.3, Amar, P.4, Collin, E.5, Mocquay, V.6, Marce, 
C.2, Bronner, A.2 and Calavas, D.1, 1French agency for food, environmental and occupational health safety 
(Anses), France, 2Ministry of agriculture, Directorate for food, France, 3GDS France, France, 4Coop de 
France, France, 5National society of veterinary technical groupings, France, 6Association of directors of 
veterinary diagnostic laboratories, France; pascal.hendrikx@anses.fr

One key initiative of the national consultation on the animal health sector held from January to April 2010 
in France was ‘Creating an epidemiological surveillance platform for animal health surveillance’ (the 
Platform). The platform aims at improving coordination, fostering and capacity building in epidemiological 
surveillance activities in animal health. It comprises a National committee for epidemiological animal health 
surveillance and an operational body. The platform joins together various entities, including the Directorate 
General for Food of the Ministry of agriculture (DGAl), the independent assessment body (Anses), producers 
organisations (GDS France, Coop de France), veterinary association (SNGTV), laboratories (ADILVA) 
and will progressively include technical and scientific organisations (INRA, CIRAD, ONCFS, etc.). The 
platform assists the production of epidemiological data needed to provide risk evaluation and to enable 
risk management and control. Its mission is to ensure the smooth running of epidemiological surveillance 
systems at a national level including their capacity for quick response. The activities implemented by the 
platform include: (1) contributing to the collection, standardisation and consolidation of health data and 
to the production of epidemiological reports; (2) development of performance indicators; (3) information 
feedback; Several subjects are handled as top priorities by the Platform, including the surveillance of bovine 
tuberculosis, bluetongue, abortions in ruminants, avian influenza, influenza in swine, honeybee diseases, 
molluscs mortality.

Bovine tuberculosis slaughter surveillance in the United States and the ability to trace detected cases 
back to a herd of origin 2001-2010
Mann, H.1, Orloski, K.2, Salman, M.1, Basaraba, R.1 and Olea-Popelka, F.1, 1Colorado State University, 
CVMBS, USA, 2Animal and Plant Health Inspection Service (APHIS), USDA, USA; folea@colostate.edu

The detection of gross bovine tuberculosis (bovine TB) lesions in cattle at slaughter and the successful 
trace-back to the herd of origin is critical to the detection of infected herds and for the progress of the 
national bovine TB eradication program in the United States (U.S.). The aim of this study was to determine 
the ability to trace infected cattle identified through the current bovine TB slaughter surveillance system 
back to their herd of origin in the U.S. and to evaluate factors associated with a successful trace back. Data 
obtained for the period 2001-2010, in which 386 granulomatous lesions were confirmed as bovine TB in 
the U.S., were used for this study. Descriptive statistics and multivariable logistic regression were used to 
analyze the data. The majority of the confirmed bovine TB lesions (69%) disclosed at slaughter were in 
imported cattle, and 31% (n=119) were found in cattle with a potential herd of origin in the U.S. Overall, 
from these 119 bovine TB cases, 33% were successfully trace back to a herd of origin in the U.S. Adult 
bovine TB cases were significantly more likely (82%) to be successfully traced back than young (<2 years 
of age) bovine TB cases (10%) (adjusted OR=15.5, P<0.001). Animals with an ‘official’ animal identifier 
were also more likely (86%) to be successfully traced back than those cases without ‘official’ identification 
(16%) (adjusted OR=7.1, P<0.001). Overall, 69% of the epidemiological investigations that found a herd 
of origin in the U.S. identified additional bovine TB infected animals, resulting in the detection of a TB-
affected herd. The results of this study provide an important tool to aid U.S. officials in their decision-making 
with respect to the evaluation and implementation of strategies for the national bovine TB eradication and 
traceability programs.
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Assessment of bovine tuberculosis surveillance in France
Hendrikx, P.1, Fediaevsky, A.2, Gorecki, S.1, Chevalier, F.2, Calavas, D.1 and Dufour, B.3, 1French agency 
for food, env. and occ. health safety (Anses), France, 2Ministry of agriculture, Directorate for food, France, 
3Maisons-Alfort veterinary school, France; pascal.hendrikx@anses.fr

Since the 1950s, the prevalence of bovine tuberculosis (BT) in France has regularly decreased towards an 
official free status reached in 2000. The number of BT infected herds increases since 2005. The sensitivity 
of the BT surveillance system was questioned. Therefore, the French Ministry of agriculture asked Anses 
to carry out the assessment of the national surveillance system based on the OASIS qualitative method. 
An in-depth assessment was implemented from June 2011 to February 2012 by a team of epidemiologists 
from Anses and the Ministry of agriculture. All stakeholders and actors of surveillance have been involved 
through interviews performed in three different regions and at the central level. As a control procedure, 
a flash assessment was performed by a second team of two BT national experts who scored the OASIS 
assessment criteria during a one day working session. The OASIS outputs suggested as a main feature 
the lack of specifity of the system. The assessment identified pitfalls in the fieldwork as well as in the 
overall organisation and provided detailed recommendations for the improvement of the surveillance. 
The recommendations focused on the setting of a steering committee, the improvement of the information 
system as well as field operators training. The lack of specificty, the complexity and length of the laboratory 
diagnosis and the administrative consequences of suspicions impaired the efficacy and acceptability of the 
surveillance system. The flash assessment had similar OASIS outputs but did not provide as many detailled 
comments on how to improve the system. Whereas the flash assessment was sufficient to caracterize the 
surveillance system through OASIS outputs, only the in depth assessment was able to provide the risk 
manager with relevant and practical recommendations.

Epidemiological models for controlling porcine respiratory and reproductive syndrome in the United 
States
Perez, A.M.1, Zu Dohna, H.1, Montecino, D.1, Brito Rodriguez, B.P.1, Cano, J.P.2, Polson, D.2, Mondaca, E.2 
and Whedbee, Z.1, 1University of California in Davis, Center for Animal Disease Modeling and Surveillance, 
USA, 2Boehringer Ingelheim Vetmedica Inc., USA; amperez@ucdavis.edu

Porcine Respiratory and Reproductive Syndrome (PRSS) is a viral disease of swine that causes annual losses 
for US$ 664 million in the United States. Here, we present features of a new surveillance system for PRRS 
developed in partnership with the United States swine industry. The objective of the surveillance system is 
to support disease control at a regional scale. Data are collected and organized using a web-based system 
referred to as Disease BioPortal. Phylogenetic analysis is used to identify in-contact farms and companies. 
The web-based system is used to map, display, and analyze the data, using models for epidemiological 
display and analysis. Techniques and methods for identification of disease clusters and anomaly detection 
were developed and incorporated into the web-based system. Rule- and model-based anomaly detection 
models are used to identify unusual or unexpected changes in the data, based on results of one or more of 
the cluster tests (model based detection; e.g. a high risk of cases in a given area and time) or to recognize a 
situation previously unrecorded in a given region (rule based detection; e.g. the first case in a given county). 
Contact-rates are computed for pig farms and companies, to determine clusters (compartments, zones) at 
similar risk for the disease. Systematic sequencing and phylogenetic analysis of PRSS samples is conducted 
in near-real time in a regional basis to identify compartments or zones in which virus transmission exist, 
which is prerequisite for the implementation of a regionalization strategy for controlling the disease.
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Risk-based surveillance of chicken diseases using poultry trader networks in Oromia Regional State, 
Ethiopia
Vallée, E.1,2, Waret-Szkuta, A.2,3, Duboz, R.2, Chaka, H.4, Balcha, M.4 and Goutard, F.2, 1Massey University, 
New Zealand, 2CIRAD, AGIRs, France, 3INP-ENVT, France, 4NAHDIC, Ethiopia; flavie.goutard@cirad.fr

Highly pathogenic avian diseases such as Newcastle disease and avian influenza have serious social and 
economic impact in developing countries, including Ethiopia. Live bird markets and poultry traders are 
known risk factors for the spread of these diseases. In Ethiopia, Oromia regional state is an active chicken 
breeding region and the live bird markets are located on the main poultry trade road to the capital city 
Addis Ababa. The networks of chicken movements between 29 shared markets in Oromia regional state 
were built for festive and non-festive seasons, using a ‘trader questionnaire’ survey. Five centrality indices, 
in-degree, out-degree, in-closeness, out-closeness and random-walk betweenness, were calculated and the 
markets were ordered according to these indices. The festive seasons did not appear to impact the network 
structure, implying no necessary change of surveillance and control policies during these periods, merely 
a strengthening due to an increased volume of traded chicken. Three markets emerged as central in the 
network, with different epidemiological roles. Our findings indicate that these three poultry markets would 
ideally be chosen in a risk-based type of surveillance system and in targeted control policies.

Avian influenza virus in Belgian professional poultry holdings: identifying risk farms, a step towards 
risk based surveillance
Welby, S.1, Van Den Berg, T.2, Lambrecht, B.2, Van Der Stede, Y.1 and Marché, S.2, 1CODA-CERVA, Unit 
for Co-ordination of Veterinary Diagnostics-Epidemiology and Risk Assessment, Belgium, 2CODA-CERVA, 
Laboratory of Avian Influenza and Avian Immunology, Belgium; sarah.welby@coda-cerva.be

Circulation of notifiable low pathogenic avian influenza H5 and H7 (NLPAI) remains a constant threat 
for commercial poultry holdings, as it might mutate into highly pathogenic AI (HPAI) and cause serious 
outbreaks with devastating consequences as seen in past H7HP outbreaks in Europe in 2003, 2004. 
International standards as well as EU legislation encourage countries to implement risk based surveillance 
programs to detect NLPAI. The aim of the present study was to determine if some holdings could have an 
increased risk of being infected. Data set of all holdings tested within the routine AI monitoring program 
from 2009 till 2011 in Belgium and the results of the biosecurity check list of all active professional poultry 
holdings were merged together. A generalized linear mixed model was developed to model the probability 
of having AI NP ELISA positive results given a set of biosecurity characteristics, using 2009-2011 AI 
monitoring program results. Models at holding and animal level were compared. In parallel a spatial 
temporal analysis was carried out to determine if any significant spatial or temporal clusters were present. 
Results showed that the risk of being infected was higher for holdings present in some locations but these 
risk areas were not specially related with migratory bird flyways. Higher probability of being positive was 
found in holdings with outdoor access and with different poultry species on the farm (mainly geese and 
ducks). The results of this study revealed interesting features regarding the epidemiology of LPAI and key 
elements for setting up a risk based surveillance program, such as required by the international standards 
and EU legislation.
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A transition plan to transfer surveillance related trainings by donors to recipient governments
Del Rio Vilas, V.J., Bechtel International Systems Inc, Uzbekistan; vdelriovilas@yahoo.co.uk

A skilled workforce is paramount for the effective working of a country’s veterinary services. Under the 
Biological Threat Reduction Program (BTRP) of the Defense Threat Reduction Agency (DTRA, US Dept 
of Defense), 440 veterinary officials have received training on especially dangerous pathogen (EDP) 
surveillance since 2006 in Uzbekistan. After six years of sustained efforts, DTRA is preparing to transfer 
the training program to the Government of Uzbekistan. To support this action, a resource and transition plan 
is in preparation. The plan details the required stakeholders and splits the training effort into discrete areas 
fully described by logic models. These models allow the identification of indicators to measure training 
impact on the delivery of surveillance. For example, subject matter-specific standards of knowledge, e.g. 
on epidemiology, are required for all officials. These standards, which are reviewed regularly, allow the 
identification of subject matter-specific gaps. They also facilitate the quantification of additional training 
requirements, given current structures and processes, to support an efficient EDP surveillance program in 
country. Logic models also identify the inputs required to support the training efforts: a sustainable supply 
chain, regulatory requirements, evaluation approaches, etc. The inputs to the training component are 
themselves separate components of the overall BTRP transition plan. The identification of dependencies 
between the multiple logic models supports prioritization of components. Prioritization will be formally 
assessed with a panel of Uzbek officials in a facilitated session and following multi attribute utility theory. 
Assumptions to reach this resource model and scenarios as to how different assumptions would affect an 
effective EDP surveillance will be presented. In an effort to standardize evaluation metrics and facilitate 
compliance with other international programs, components within the logic models closely follow the 
criteria of the OIE PVS tool.

Bayesian latent class analysis to estimate sensitivity and specificity of faecal culture and Paralisa to 
detect Mycobacterium avium subsp. paratuberculosis infection in young deer
Stringer, L.A.1, Jones, G.1, Jewell, C.P.2, Noble, A.D.3, Heuer, C.1, Wilson, P.R.1 and Johnson, W.O.4, 
1Massey University, New Zealand, 2University of Warwick, United Kingdom, 3NZ Institute for Plant & Food 
Research, New Zealand, 4University of California, Irvine, USA; lesleystringer@hotmail.com

This study aimed to estimate the sensitivity and specificity of individual faecal culture (IFC) and an IgG1 
serum enzyme-linked immunosorbent assay, the Paralisa™, to identify young (12-24 month old) deer 
subclinically infected with Mycobacterium avium subsp. paratuberculosis. The test purpose was ‘freedom 
from infection’ sampling for use in a herd classification programme. Individual faecal and serum samples 
were collected from 20 individual yearling deer from each of 20 herds in the South Island and 18 herds in 
the North Island of New Zealand, and the candidate tests were applied. The differing infection prevalence 
between the two islands enabled a two-test two-population Bayesian latent class model to be developed. A 
zero-inflated random effect logistic model was incorporated to allow zero-infection herd status, as well as 
capturing variation in within-herd prevalence. Modelling was carried out in WinBUGS, using informative 
priors sourced from published literature and expert opinion. The estimate of IFC sensitivity was 77% (95% 
CI: 61-92%) with specificity 99% (95% CI: 98-99.7%), while the Paralisa™ sensitivity estimate was 19% 
(95% CI: 10-30%), with specificity 94% (95% CI: 93-96%). Estimates were robust to variation of priors 
and assumptions tested in a sensitivity analysis.
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To cut, or not to cut: that is the ‘real-time’ question
Caraguel, C.G.B.1, Stryhn, H.2, Gagné, N.3, Dohoo, I.R.2 and Hammell, K.L.2, 1School of Animal & 
Veterinary Sciences, The University of Adelaide, Australia, 2Atlantic Veterinary College, University of 
Prince Edward Island, Canada, 3Fisheries & Oceans Canada, Molecular Biology Unit, Aquaculture and 
Environmental Sciences, Canada; charles.caraguel@adelaide.edu.au

Diagnostic laboratories frequently select a subjective cutoff value for real-time amplification assays, 
above which a threshold cycle (Ct) value is deemed false. Commonly, higher and isolated Ct values are 
assumed to be amplification or fluorescence artifacts, or cross contaminations. The selection of this Ct 
cutoff should be based on evidence. This presentation reviews evidence-based strategies to select Ct cutoffs 
grouped in analytical and epidemiologic approaches. Analytical strategies use criteria gathered during the 
assay development and include fluorescence threshold, reaction end-cycle, limit of detection, and artifact 
investigation. Variability in amplification efficacy across test runs may induce some instability in an 
intended Ct cutoff and requires some standardization or normalization procedures. Epidemiologic strategies 
use criteria based on either the probability or the cost of a false test result associated with a specified 
cutoff. Cutoffs, depending on the intended purpose of the test, can be selected graphically to minimize 
the probability of either false-positive or false-negative results by using two-graph receiver operating 
characteristics curves. The assay’s diagnostic sensitivity and specificity may vary with the tested population, 
thus, the estimated two-graph receiver operating characteristics curve is population dependent and should 
be established for the targeted population. Although the selection of a cutoff based on misclassification cost 
depends on infection prevalence, the selection based on predictive values does not. To optimize the test 
average diagnostic performance, the Ct cutoff should be selected when the diagnostic odds ratio is maximal.

Fagan’s nomogram: finally completed after 37 years!
Caraguel, C.G.B.1 and Vanderstichel, R.2, 1School of Animal & Veterinary Sciences, The University of 
Adelaide, Australia, 2Atlantic Veterinary College, Department of Health Management, Canada; 
charles.caraguel@adelaide.edu.au

In 1975, Fagan published a nomogram to help practitioners determine, without the use of a calculator or 
computer, the probability of a patient truly having a condition of interest given a particular test result. This 
is necessary for the interpretation of a test result as no test is perfect. Nomograms are very useful for speedy 
interpretations, and Fagan’s has been adopted by several reference textbooks specializing in evidence-based 
medicine and clinically applied epidemiology, both in the human and veterinary context. However, the 
practicality of Fagan’s nomogram is limited by its use of the likelihood ratio (LR), a parameter not usually 
reported in evaluation studies of diagnostic tests with a dichotomised outcome. The LR reflects the strength 
of evidence provided by a test result and can be computed from the conventional diagnostic sensitivity 
(DSe) and specificity (DSp) of the test. This initial computation is absent in Fagan’s nomogram, making 
it impractical for routine use. We have improved Fagan’s nomogram by seamlessly integrating an initial 
step to compute the likelihood ratio. The resulting two-step nomogram allows the user, be it a clinician or 
researcher, to quickly interpret the outcome of a test without using any in silico support. With the addition 
of the DSe and DSp, the nomogram, for the purposes of interpreting a dichotomous test result, is now 
complete. Overall, this tool is more accessible and flexible than the original, which will facilitate its use in 
routine practice of evidence-based medicine.
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Educating surveillance stakeholders: a novel e-tool to improve engagement and decision making 
across different sectors
Muellner, P.1, Tana, T.2, Muellner, U.1, Khaling-Rai, S.2 and Gould, B.2, 1Epi-interactive, New Zealand, 
2Ministry of Agriculture and Forestry, Surveillance and Incursion Investigation Group, New Zealand; 
petra@epi-interactive.com

Biosecurity surveillance activities protect New Zealand’s economy, environment and people from the 
risks and consequences of the introduction and presence of risk organisms, including important livestock 
pathogens such as Food and Mouth Disease Virus. Stakeholders in biosecurity surveillance are diverse and 
include livestock industries, aquaculture, horticulture, conservation organisations, as well as Maori. In this 
context the aims of animal health surveillance have to be integrated with those from other sectors to ensure 
a consistent approach to biosecurity surveillance across all sectors and to build a basis for collaboration on 
surveillance tasks. This provides several challenges as surveillance awareness, expertise and needs vary 
considerably between different stakeholder groups. For example freedom-of-disease surveillance programs 
are common in the forestry and animal sector to meet trade requirements, but are less familiar to the marine or 
environmental stakeholder groups. There is however a desire for consistent tools or standards to aid or guide 
the development of surveillance programs to prevent miscommunication, duplication of effort and inefficient 
use of resources. In response to this need an e-tool is being explored as a mechanism to provide surveillance 
stakeholders within and outside the regulatory environment with high-level content to support their choice 
of surveillance methodology and increase their ability to actively engage in surveillance and meet their 
surveillance needs independently. In this paper we present the development of this tool from stakeholder 
interviews, instructional design to usability testing. We show some of its interactive components and discuss 
further applications of media education to work better with stakeholders to improve the efficiency and 
effectiveness of surveillance activities.

Development and validation of a qPCR for the detection and quantification of Actinobacillus 
pleuropneumoniae DNA in pigs
Tobias, T.J.1, Bouma, A.1, Klinkenberg, D.1, Daemen, A.J.J.M.1, Stegeman, J.A.1, Wagenaar, J.A.2 and Duim, 
B.2, 1Utrecht University / Faculty of Veterinary Medicine, Department of Farm Animal Health, Netherlands, 
2Utrecht University / Faculty of Veterinary Medicine, Department of Infectious Diseases and Immunology, 
Netherlands; T.J.Tobias@uu.nl

Actinobacillus pleuropneumoniae is a common pathogen of pigs, causing respiratory disease and economic 
losses. Detection of A. pleuropneumoniae antigen in live pigs is difficult and improvement of the current 
diagnostic procedures could contribute to better disease control. A common test for quantitative A. 
pleuropneumoniae detection in samples from live pigs is selective bacterial examination (SBE) using 
tonsillar or nasal swab samples, but differentiation between A. pleuropneumoniae and other members of 
the Pasteurellaceae family in the oropharyngeal flora is difficult. Therefore a quantitative real-time PCR 
(qPCR) protocol for detection of the apxIVA gene was developed based on primers apxIVANEST1-F and 
apxIVANEST1-R and a fluorescent probe. Validation studies were performed using pure cultures of A. 
pleuropneumoniae , as well as samples from both experimentally inoculated Caesarean-derived, colostrum-
deprived (CDCD) piglets and conventional pigs. The analytical sensitivity was 5 colony forming units/
reaction. Diagnostic sensitivity was estimated at 0.98 in inoculated piglets, compared to SBE. Specificity 
was estimated at 1.0 in samples from 77 A. pleuropneumoniae free CDCD pigs and from 70 pigs from 
three SPF farms, free of A. pleuropneumoniae. A small-scale cohort study on two infected farms showed 
consistent results in repeatedly sampled pigs. No difference in A. pleuropneumoniae quantities between 
points in time or between farms was found, except at 24 weeks of age when incidence, as well as A. 
pleuropneumoniae quantities were significantly raised in one farm. Tonsillar brush samples and additional 
apxIVA qPCR analysis could therefore be a valuable additional tool in monitoring and epidemiological 
studies on A. pleuropneumoniae.
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regional vulnerability to an outbreak of foot and mouth disease in Australia
Wicks, R.M.1, Martin, P.A.J.2, Sergeant, E.S.G.3, Langstaff, I.4, East, I.J.1 and Garner, M.G.1, 1Department 
of Agriculture, Fisheries and Forestry, Australia, 2Department of Agriculture and Food, Western Australia, 
Australia, 3AusVet Animal Health Services, Australia, 4Animal Health Australia, Australia; 
iain.east@daff.gov.au

Australia is a significant exporter of livestock and livestock products. This trade is assisted by a favourable 
animal health status. Increases in international travel and trade, together with other factors, mean greater risks 
of exotic and emerging diseases, and at the same time public sector resources available for managing these 
risks are static or declining. General, passive surveillance (GS) is the principal means for early detection of 
incursions of exotic animal diseases. Accompanying papers describe spatial variation in: (1) the likelihood 
of disease introduction, establishment and spread; (2) the sensitivity of current GS activities; and (3) the 
speed and extent of spread of a foot and mouth disease (FMD) incursion, in each of 12 livestock production 
regions. In this paper we utilise results from each of these analyses to estimate the size of an outbreak 
of a FMD at the time of detection, and compare the relative vulnerability of each region to outbreaks of 
this disease. The time to detection for a single farm determined in the assessment of current surveillance 
sensitivity was used within the FMD spread model to determine the likely number of infected farms at the 
likely time of detection. Outbreaks varied in size between 1 (range 1-8) in central and northern Australia to 
21 (range 1-163) on the temperate south-east coast of Australia. The relative vulnerability of each region 
to outbreaks of FMD was determined by combining the results from the suite of analyses. A simple linear 
additive model was developed that required a ‘score’ for each of the above criteria in each region. The 
coastal regions of south-east Australia were identified as the regions most vulnerable to outbreaks of FMD, 
whereas hotter, more arid areas with lower stocking densities were less vulnerable.

Assessing surveillance: identifying areas of greatest likelihood of disease introduction and establishment
Wicks, R.M.1, East, I.J.1, Martin, P.A.J.2, Sergeant, E.S.G.3 and Garner, M.G.1, 1Department of Agriculture, 
Fisheries and Forestry, Australia, 2Department of Agriculture and Food, Western Australia, Australia, 
3AusVet Animal Health Services, Australia; iain.east@daff.gov.au

Australia is a major exporter of livestock and livestock products; a trade assisted by a favourable animal 
health status. However, increasing international travel and trade, land use changes and climatic change 
have resulted in greater risks of exotic and emerging diseases. At the same time, public sector resources 
for managing these risks are static or declining. Veterinary authorities have identified the need to develop 
a consistent national approach to surveillance that allocates resources according to risk. This study maps 
the risk of occurrence of eight significant diseases within 12 livestock production regions of Australia. 
The likelihood of disease occurrence was divided into likelihoods of introduction (LI) and establishment 
and spread (LES). Pathways for both I and E/S were identified and data layers representing the factors 
contributing to each pathway produced as raster maps. The Multi-Criteria Analysis Shell (MCAS) was used 
to combine data layers into pathways and pathways into likelihood maps using weightings that reflect the 
relative importance of each layer and pathway. The likelihood maps for introduction and for establishment 
and spread were then combined to generate national likelihood maps for each disease. The eight diseases 
were subsequently grouped (foot and mouth disease, zoonotic diseases and other diseases) and combined 
using weightings to reflect their relative consequences. The result was a map of relative risk of occurrence of 
any significant disease. Current surveillance activity was assessed by combining data layers for government 
disease investigations, proximity to vets and wildlife disease investigations. Comparison of the overall 
risk and current surveillance maps showed that the distribution of current effort was well matched to the 
distribution of risk.
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A model for evaluating and planning avian influenza surveillance in New Zealand
Martin, P.A.J.1, Frazer, J.2, Rawdon, T.2 and Sergeant, E.S.G.3, 1Department of Agriculture and Food, 
Western Australia, Australia, 2Ministry of Agriculture and Forestry, New Zealand, 3AusVet Animal Health 
Services, Australia; tony.paj.martin@gmail.com

Surveillance for notifiable avian influenza (NAI) in New Zealand (NZ) consists of periodic targetted surveys 
and the general surveillance (disease reporting and investigation) system (GDS). Assurance that the country 
is free of NAI is important for both trading partners and the general public. We developed a stochastic 
spreadsheet tool to facilitate evaluation and planning of surveillance activities. The tool’s outputs, for each 
surveillance time period, include the individual and combined sensitivities of the surveillance components, 
the resulting level of accumulated confidence in the population being free of NAI, and the cost of conducting 
the surveillance. Outputs are reported for the whole NZ poultry population and for relevant subpopulations, 
eg all commercial poultry farms. The tool allows risk-based targetting of active surveillance effort and 
exploration of the gains in sensitivity/confidence in freedom for different survey expenditures; any one of 
up to ten survey plans may be specified and applied to each future time period. The tool has highlighted the 
relative value of the GDS over intermittent targetted surveys, particularly for confidence in freedom from 
highly pathogenic AI in all NZ poultry. Past comprehensive surveys of commercial poultry have provided 
value primarily for the commercial poultry population. Around 95% of NZ poultry flocks are ‘backyard’ 
flocks, and development of this tool has also highlighted the importance of surveillance in these flocks. 
Plans for future surveillance can incorporate the appropriate balance to deliver the necessary confidence in 
national freedom from both high and low pathogenicity NAI at the required cost.

Descriptive results of a prospective cohort study of avian influenza in poultry in the Mekong region 
of Viet Nam
Long, N.V.1,2, Schauer, B.3, Stevenson, M.A.2, Quy, T.D.3, Tien, T.N.3, Diep, N.T.1, Phuong, T.T.T.1, Prattley, 
D.2 and Morris, R.2, 1Department of Animal Health, 15/78 Giai Phong, Ha Noi, Viet Nam, 2EpiCentre, 
IVABS, Massey University, Private Bag 11-222, New Zealand, 3Regional Animal Health Office No.7, Can 
Tho, Viet Nam; v.l.nguyen@massey.ac.nz

A prospective cohort study was carried out to identify the frequency of avian influenza viruses in duck and 
in-contact species (chickens, Muscovies, geese) populations. One hundred and fifty seven poultry flocks 
from eight villages in two provinces (Can Tho and Bac Lieu) in the Mekong region of Viet Nam took part 
between December 2008 and April 2010. The RRT-PCR was used to detect the matrix (M) gene of influenza 
Type A viruses, followed by the H5 Multiplex assay for H5 viruses in swab samples. The HI test was used 
to detect antibody against H5 viruses in serum samples. A total of 17,968 swab and 14,878 blood samples 
were collected throughout the follow-up period. Eleven percent (95% CI 10-12%) of birds and 58% (95% 
CI 50-66%) of flocks were M gene positive. The prevalence of H5 viruses was 1% (95% CI 1-2%) and 
15% (95% CI 10-22%) at the bird and flock level, respectively. Broiler ducks had the highest M gene and 
H5 positive proportions at 31% (95% CI 28-34%) and 3% (95% CI 2-5%), respectively. Seven out of eight 
villages and 0.26% (95% CI 0.15-0.41%) of vaccinated birds were positive for H5 viruses. Forty six percent 
(95% CI 45-47%) of unvaccinated birds were H5 seropositive compared with 59% (95% CI 58-60%) of 
vaccinated birds. The proportion of layer ducks that were H5 seropositive was 77% (95% CI 76-78%) 
compared with 27% (95% CI 21-30%) for broiler ducks and 32% (95% CI 31-34%) for in-contact species. 
Our results suggest that interventions to control HPAI H5N1 need to be implemented throughout the year 
and focus on broiler duck flocks. We hypothesise that the co-circulation of H5 and non-H5 viruses in highly 
dynamic, vaccinated poultry populations poses a high risk for virus reassortment.
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Assessing general surveillance: estimation of detection sensitivity and time to detection for exotic 
disease incursions
Martin, P.A.J.1, Sergeant, E.S.G.2, Langstaff, I.3, East, I.J.4, Wicks, R.M.4 and Garner, M.G.4, 1Department of 
Agriculture and Food WA, Australia, 2AusVet Animal Health Services, Australia, 3Animal Health Australia, 
Australia, 4Department of Agriculture, Fisheries and Forestry, Australia; tony.paj.martin@gmail.com

Australia is a significant exporter of livestock and livestock products. This trade is assisted by a favourable 
animal health status. Increases in international travel and trade, and other factors, mean greater risks 
of exotic and emerging diseases, and at the same time public sector resources available for managing 
these risks are static or declining. General, passive surveillance (GS) is the principal means for early 
detection of incursions of exotic animal diseases. In considering options for boosting GS efficacy where 
needed, veterinary authorities require a means of assessing the efficacy of the GS process with of without 
‘enhancements’. An assessment tool (GSAT) was developed for estimation of both single farm sensitivity 
of GS and time to detection, in each of 12 livestock production regions of Australia. The tool was trialled 
for foot and mouth disease (FMD). The GSAT is a stochastic spreadsheet model of the GS process in 
Australia, which is divided into three stages; syndrome recognition and notification, clinical investigation, 
and laboratory investigation. The endpoint is the chief veterinary officer being notified. Three ‘players’ can 
be exposed to clinical signs (the producer; saleyard inspector; abattoir inspector) and initiate the detection 
process. Probabilities of observation, recognition, notification, veterinary investigation, sample dispatch, 
laboratory testing and diagnosis are estimated for each susceptible species and farm-type in each region. 
Probabilities are averaged across a region by weighting farm-type probabilities by their within-region 
proportions. Mean estimated single farm sensitivity for FMD varied among regions from 28% to 56%, 
while mean time from introduction of FMD to the farm to CVO notification ranged from 22 to 38 days.

Model-based surveillance of CSF in backyard pigs: an example from Bulgaria
Sonnenburg, J., Fröhlich, A. and Staubach, C., Friedrich-Loeffler-Institut, Institute of Epidemiology, 
Germany; jana.sonnenburg@fli.bund.de

Based on official data of backyard pigs and backyard pig holdings at the municipality level in Bulgaria, a 
simulation model for surveillance of these holdings with respect to Classical Swine Fever (CSF) occurrence 
was developed. In the context of this paper, backyards are small-scale holdings with limited numbers of 
pigs and few trade contacts. In the first scenario of a suspicion or an outbreak of CSF within a limited area, 
the authorities have to enforce CSF control measures according to the Council Directives 2001/89/EC and 
2002/106/EC. These measures were designed for and have been derived from domestic pigs kept in larger, 
non-backyard holdings, therefore, the implementation of these preventive or control measures in backyard 
holdings is more difficult to achieve. Our analysis led to the detection of short-comings that occur only in 
backyard holdings. In some simulation runs, for example, a considerable number of infected farms remained 
undetected depending on the used test systems (including a new DIVA-ELISA). A second surveillance 
scenario deals with the detection of the disease and the certification of freedom from disease, respectively. 
For the surveillance at municipality level, it is difficult to detect very low levels of herd prevalences due to 
the herd size distribution. Enlarging the surveillance units from municipality to province level, an approach 
that may be attractive as it could save resources, leads to a high number of undetected outbreaks, even if 
high herd prevalences are tested. All simulated scenarios show the importance of the problem of missing 
registration of backyard pigs, farms and holders.
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Diagnostic accuracy of a commercial antibody ELISA for detection of bovine tuberculosis: a Bayesian 
approach
Roelandt, S.1, Govaerts, M.1, Riocreux, F.1, Van Der Stede, Y.1 and Faes, C.2, 1CODA-CERVA, Belgium, 
2UHasselt, Belgium; sophie.roelandt@coda-cerva.be

The first 2 authors contributed equally. Belgium obtained the bovine tuberculosis (bTB) ‘officially free’ 
status in 2003 (EC Decision 2003/467/EC). However, sporadic outbreaks do still occur (FASFC, 2010). This 
study aims to investigate the diagnostic accuracy of a commercial bTB-specific antibody ELISA kit, i.e. 
the IDEXX® M. bovis Ab Test, and its potential for bTB surveillance in Belgium. Well-defined individual 
plasma/serum samples (n=1500) were selected and assigned to Positive/Suspect and Negative populations, 
based on previously obtained test results with other reference assays (intradermal skin test [ID], bTB 
bacterial culture [CUL] and interferon gamma tests [IFN]), and on the herd status. The IDEXX® M. bovis 
Ab Test was compared to the other assays using a Bayesian approach in order to assess the diagnostic test 
characteristics. A ‘two dependent tests in one population’ Bayesian model was adapted for this purpose and 
6 prior scenarios were simulated per comparison. An apparent diagnostic sensitivity (DSe) of 12.22-16.19% 
and an apparent diagnostic sensitivity (DSp) of 93.68-98.08% were observed, resulting in a low positive 
predictive value (PPV) and a high negative predictive value (NPV) when applied to the Belgian cattle 
population. These results indicate that the IDEXX® M. bovis Ab Test may be less suitable for large scale 
screening of the Belgian cattle population at slaughter or during the yearly cross-sectional winter survey, 
mainly due to expectation of a high absolute number of false positives. In contrast, the test might be used 
efficiently in a targeted approach, to detect bTB in cattle subpopulations with higher expected prevalences, 
such as imported or purchased cattle. Additionally, the test may be useful as an ancillary, parallel, targeted 
test in suspected bTB outbreak herds, to detect additional infected animals missed by ID, IFN or CUL.

Characterizing pig fattening farms by combination of farm and lab data
Langkabel, N. and Fries, R., Institute of Meat Hygiene and Technology, Faculty of Veterinary Medicine, 
FU Berlin, Germany; langkabel.nina@vetmed.fu-berlin.de

Reg. (EC) No. 854/2004, more precisely Reg. (EC) No. 1244/2007, opened the possibility of risk based 
meat inspection for pigs raised under controlled conditions. But type of information and required tests for 
such a condition are still under discussion. In this study, we investigated the information value of farming 
systems (‘controlled conditions’). Data from 296 farms of 2 farming associations and elements of their 
management system (yes/no answers) including 11 post mortem results regarding the hygiene were gathered 
for 2005 to 2009. In addition, 3.346 meat juice samples (a maximum of 10 samples for each farm) for 
ELISA tests for Trichinella, Salmonella and Yersinia were brought together. All samples were negative for 
Trichinella, three farms were negative for Salmonella, Yersinia and Trichinella. Most of the farms (193) 
were positive for Salmonella and Yersinia. Using management parameters of these positive and negative 
farms, no significant differences were found between and in both associations. In consequence, the cut 
off levels for Salmonella and Yersinia were raised. 22 farms had high levels for Salmonella and Yersinia. 
Comparison of management parameters of these farms with negative farms did not show any significant 
difference, too. In a next step, p. m. findings with potential hygiene background were used from these 22 
farms. 3 farms showed suspicious results, their management parameters were compared again. This time 
management parameters were identified, which could be associated with high antibody titres and frequent 
p. m. findings. It was concluded that a stepwise approach may identify conditions which had not been 
noted before. It was concluded, too, that ‘controlled conditions’ serving as an opener for risk based meat 
inspection may be farm specific.
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Evaluation of the surveillance system for highly pathogenic avian influenza subtype H5N1 in Thailand 
using scenario tree modelling
Prakarnkamanant, A.1, Wieland, B.1, Haesler, B.1, Tiensin, T.2, Wongkasemjit, S.2, Chanachai, K.2, Rushton, 
J.1 and Pfeiffer, D.1, 1The Royal Veterinary College, United Kingdom, 2The Department of Livestock 
Development, Bangkok, Thailand; aprakarnkamanant@rvc.ac.uk

This study aimed to evaluate the surveillance system for highly pathogenic avian influenza virus (HPAIV) 
subtype H5N1 implemented in Thailand since 2004 in order to improve its efficiency. The current system 
consists of 6 surveillance system components (SSC); passive surveillance based on disease reporting; and 
active surveillance comprising pre-movement/pre-slaughter testing, laboratory surveillance for breeder 
and layer farms, testing of fighting cocks, nationwide intensive disease search surveillance (so-called 
‘X-ray surveillance’), and a compartmentalisation scheme. A scenario tree model was developed for each 
SSC and simulated with 10,000 iterations to estimate the sensitivity (Se) of the SSCs, i.e. the probability 
of detecting at least one infected poultry farm at different levels of HPAIV H5N1 prevalence (0.5%, 0.1% 
and 0.05%). The model found a high Se for all active SSCs at different design prevalences, mainly due 
to the large number of pooled samples processed and the high sensitivity of virus isolation used in active 
SSCs. Any of the active SSC on its own would achieve an acceptable Se level (>95%) if a total of >100,000 
pooled samples is processed. For the disease reporting system had a medium Se (36.7%) in high risk areas 
of the country, and a high Se (91.3%, 100%) in medium and low risk areas of the country, respectively, at a 
0.5% of HPAIV H5N1 prevalence, assuming a low willingness to report (WTR) level. WTR was the most 
influential factor on the Se of passive surveillance. A better understanding of farmers’ behavior and their 
biosecurity practices related to HPAI risk in each production type are required to assist the Thai government 
in designing HPAI education and awareness campaigns to improve WTR.

Serological prevalence of Torque teno sus virus 2 infection in pigs and epitope mapping of capsid 
protein
Jarosova, V.1 and Celer, V.2, 1 Veterinary and Pharmaceutical University Brno, Institute of Infectious 
Diseases and Microbiology, Czech Republic, 2 Veterinary and Pharmaceutical University Brno, CEITEC 
– Central European Institute of Technology, Czech Republic; jaronika@seznam.cz

Torque teno sus viruses (TTSV) are small non-enveloped viruses with circular, single-stranded DNA 
genome. TT viruses belong to the family Anelloviridae and may infect humans and different animal species. 
Two different virus species have been identified to date in pigs, Torque teno sus virus 1 (TTSV1) and Torque 
teno virus sus 2 (TTSV2), which belong to the genus Iotatorquevirus. TTSV are widely prevalent in the pig 
population but TTSV infection is not directly responsible for any disease. The genome of porcine TT virus 
contains three open reading frames. ORF1 is coding for nucleocapsid protein which potentially induces 
immune response of infected animals. The goal of this work was to identify immunodominant peptides in the 
structure of ORF1 protein of TTSV2 which could be used as serological markers to detect TTSV2 antibodies 
following natural infection in the pig population. ORF1 gene of TTSV2 strains was analyzed for prediction 
of linear epitopes from protein sequence. Peptides were synthesized and used as the antigens in indirect 
ELISA test. Selected and synthesized peptides covered more than 40% of the length of ORF1 protein. The 
total of 307 pig serum samples was collected from 16 herds and different age categories of animals were 
chosen. TTSV2 specific IgG antibodies were detectable in piglets at age 4 weeks. After vanishing of these 
maternally derived antibodies post-infection antibody titers started to increase significantly at week 16 and 
peaked at week 20. Relatively high antibody titer persisted till the adulthood. This work was supported 
by the Grant agency of Ministry of youth and education project no. ME08108 and Coopelia project no. 
CZ.1.07/2.4.00/17.0045 and IGA VFU Brno project no. IG121241.
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Evaluation of the Zagreb mastitis test as a screening method to detect subclinical mastitis in dairy 
cattle
Pavlak, M., Mačešić, N., Božičević, K., Tadić, M., Cvitković, D., Bačić, G. and Cergolj, M., Faculty of 
Veterinary Medicine, Univesity of Zagreb, Department of Veterinary Economics and Epidemiology, Croatia; 
marina.pavlak@vef.hr

Mastitis is the most prevelant production disease in dairy herds world-wide and is responsible for serious 
economic losses due to decreasing milk production and lower quality of milk. Therefore, screening of 
subclinical mastitis under field conditions is of great importance in dairy farming. The aim of present 
study was to estimate prevalence of bacterial mastitis in dairy cattle in the northern part of Croatia as well 
as to evaluate Zagreb mastitis test as a screening test for diagnosis of subclinical mastitis in dairy cattle. 
In the period 2005-2008, 1549 quarter milk samples from 389 Simmental dairy cows were subjected to 
Zagreb mastitis test (ZMT) and bacteriological examination and In 760 (49.06%) quarter milk samples 
microorganisms were found. The most isolated microorganisms St. aureus, Streptococcus D, and P. 
aeruginosa were found in 388 (51.05%), 84 (11.05%), 62 (8.16%) positive quarter samples, respectively. 
Using a cut-off of ZMT by scores at ≥1 as positive, 63.20% (CI 95% 60.80-65.60%) quarter samples were 
estimated as being positive for subclinical mastitis. This cut-off had quite high sensitivity (96.84%, CI 
95% 95.60-98.06%) and predictive negative value (95.79%, CI 95% 94.14-97.44%), however specificity 
(69.20%, CI 95% 65.98-72-42%) and predictive positive value (75.17%, CI 95% 72.47-77.86%) were low. 
Using a ZMT cut-off of ≥2 as positive, 48.16% of quarters were positive. Sensitivity (82.76%, CI 95% 
80.08-85.45%) and specificity (85.17%, CI 95% 82.69-87.65%) as well as predicative values were similar. 
Likelihood ratio by cut-off of ≥1 and cut-off of ≥2 was 3.14 and 5.58, respectively.

Cost-benefit evaluation of risk-based meat inspection for bovine cysticercosis in a Danish cattle 
abattoir
Calvo-Artavia, F.F.1, Nielsen, L.R.1 and Alban, L.2, 1University of Copenhagen, Large Animal Sciences, 
Denmark, 2Danish Agriculture & Food Council, Denmark; francisco@life.ku.dk

The aim of this study was to incorporate knowledge about food chain information consisting of known risk 
factors into a stochastic scenario tree simulation model for analysis of future risk-based meat inspection 
systems for the zoonotic infection bovine cysticercosis (BC) in Danish cattle. We estimated surveillance 
system component sensitivity (SSCSe), specificity and potential monetary benefits compared to the current 
system, which has an estimated SSCSe of 15%. The population of cattle slaughtered in a large Danish 
abattoir during a 1-year period was divided into high-risk and low-risk groups according to the following 
risk factors: gender, grazing and access to risky water sources. All animals in the low-risk groups would be 
subjected to visual inspection only. It was assumed that the abattoir would be able to reorganise the work 
at the slaughterline to save money by introducing visual inspection and gain on the price of sold uncut beef 
from the masseter muscles from visually inspected cattle. Under these assumptions, gender and grazing 
were preferable due to their only slightly lower SSCSe than seen in the current system, and highest cost-
effectiveness ratios. However, these two factors had a lower net gain that the scenario using access to risky 
water sources to differentiate low and high-risk groups. Using gender to differentiate high and low-risk 
groups is preferable over grazing due to feasibility, because this food chain information is readily available 
at the slaughterline. The potential national net gain depends on how many abattoirs would be able to 
reorganise the work at the slaughterline to save money on inspection of the head of carcases. Overall, the 
SSCSe was low in all scenarios. Therefore, improving the meat inspection sensitivity would be beneficial.

Poster topic 09 Poster 39

Poster topic 09 Poster 38



432 ISVEE – Book of Abstracts 2012

The Canadian swine health intelligence network
Berezowski, J.1, Byra, C.2, Brokhoff, E.3, Hurnik, D.4, Kloeze, H.5 and Klopfenstein, C.6, 1Ross University 
School of Veterinary Medicine, Saint Kitts and Nevis, 2Greenbelt Swine Veterinary Services, Canada, 3Swine 
Database Services, Canada, 4University of Prince Edward Island, Canada, 5Canadian Food Inspection 
Agency, Canada, 6Le centre de developpement du porc du Quebec, Canada; jberezowski@rossvet.edu.kn

Livestock surveillance is commonly conducted by governments to estimate the risk of diseases that impact 
trade in livestock and livestock products. Few are aimed directly at enabling veterinarians and producers to 
deal more effectively with diseases that do not directly impact trade and access to markets. The Canadian 
Swine Health Board (CSHB), an organization aimed at providing leadership, coordination and support in 
the management of the health of the Canadian swine herd, is leading the implementation of a Canadian 
Swine Health Intelligence Network (CSHIN). The purpose of the network is to support, and enable Canadian 
veterinarians and swine producers to better manage infectious diseases. The intelligence network will be 
based upon a novel approach to surveillance that uses web based veterinary practice surveillance to generate 
near real-time swine health intelligence that is distributed through a formal web-enabled social network 
of veterinarians, academics, diagnosticians, producers and other stakeholders. The social network will 
be composed of a single national network and a small number of regional networks where stakeholders 
evaluate the intelligence produced by the veterinary practice surveillance system in terms of its validity and 
relevance to the management of swine disease. Representatives of the regional networks will participate in 
scheduled and adhoc meetings of the national social network. Governance of the CSHIN will be defined in 
a national meeting of swine industry and veterinary stakeholders and coordinated by the CSHB. The CSHIN 
will be an important addition to Canada’s animal health surveillance arsenal by providing information that 
will help to document the health of Canadian swine and demonstrate the effectiveness of Canada’s swine 
veterinary service.

Assessment of the sensitivity and specificity of gamma-interferon test for the diagnosis of bovine 
tuberculosis and evaluation of its use in screening schemes in France
Praud, A.1, Chevalier, F.2, Meyer, L.3, Garin-Bastuji, B.4 and Boschiroli, M.L.4, 1Alfort National Veterinary 
School, USC ENVA/ANSES Epidemiology of Animal Infectious Diseases Unit, France, 2DDCSPP 21, France, 
3INSERM, Centre for research in Epidemiology and Population Health, U1018, Faculté de Médecine Paris-
Sud, France, 4ANSES, Animal Health Laboratory, Bacterial Zoonoses Unit, France; apraud@vet-alfort.fr

Bovine tuberculosis (bTB) is a bacterial disease mainly due to Mycobacterium bovis. It is characterized by a 
chronic evolution, polymorphic lesions and rare clinical signs. In France, in 1955, about 20% to 50% farms 
were infected. France was reported as ‘officially bTB free’ in 2001 by the European Commission, but few 
herd breakdowns are still being reported and complete eradication of bTB is uneasy to reach. In some French 
areas, disease re-emerged after a phase of apparent absence (Dordogne, Côte d’Or, Pyrénées Atlantiques, 
Seine-Maritime, Eure), or has never disappeared (Camargue). Furthermore, wild animals (deer, wild boar, 
badger) can be a source of infection for cattle. The principal screening test (i.e. the tuberculin test), is 
imperfect. The single tuberculin skin-test lacks specificity but is more sensitive than comparative tuberculin 
skin-test. This lack of specificity raises an issue over its diagnostic value as tuberculosis prevalence is low in 
most areas. In the last few years, new screening tests (gamma interferon, PCR) have been used in addition 
to conventional methods, in order to improve the quality of bTB diagnosis. These tests are already used in 
some French areas (Côte d’Or, Dordogne, Camargue) but they have not been fully evaluated yet. The aim 
of this study was to assess the diagnostic sensitivity and specificity of the gamma interferon test in different 
contexts and to evaluate the efficacy of its use in various screening schemes.
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Sensitivity of dairy cow disease recordings in the Nordic countries
Osteras, O.1, Egenvall, A.2, Emanuelson, U.2, Houe, H.3, Lindberg, A.4, Thomsen, P.T.5 and Virtala, A.-
M.K.6, 1TINE SA/Norwegian School of Vet Sci, Norway, Cattle Health Services, Norway, 2Swedish University 
of Agricultural Sciences, Dep Clinical Sci, Sweden, 3University of Copenhagen, Dep Large Animal Sci, 
Denmark, 4National Veterinary Institute, Dep Disease Control and Epidemiology, Sweden, 5Aarhus 
University, Dep Animal Science, Denmark, 6University of Helsinki, Fac Vet Med, Finland; 
olav.osteras@tine.no

The conditions for milk production in the Nordic countries Denmark (DK), Finland (FI), Norway (NO) 
and Sweden (SE) are different with respect to average herd size, housing and feeding. Previous research, 
based on treatment recordings from national databases, showed that there were large differences in the 
incidence of important diseases such as mastitis, ketosis, milk fever and retained placenta in 1997. However, 
disease recordings from national databases may not be a valid measure of the ‘true’ disease incidence. If 
the farmer does not see a sick cow or if he/she decides not to treat the cow, no disease treatment is recorded 
in the database. Additionally, even if the cow is treated, the treatment may not be recorded correctly in the 
database. Therefore, in order to estimate possible differences in the ‘true’ incidence of a number of dairy cow 
diseases, the ’apparent’ incidence needs to be adjusted based on knowledge about the sensitivity of disease 
recordings. Such sensitivities have recently been estimated in a common Nordic project (DAHREVA). In 
the present study, information about all recorded disease treatments for mastitis, retained placenta, ketosis 
and milk fever in dairy herds in DK, FI, NO and SE for the year 2007 was collected from the national 
cattle databases. Incidences will be calculated with and without adjustment for country and disease specific 
sensitivities. Possible differences in disease incidences between countries – as well as trends in incidences 
between 1997 and 2007 – will be presented and discussed.

A nomogram to calculate output estimates from surveillance models used to confirm freedom from 
infection
Vanderstichel, R.1 and Caraguel, C.2, 1Centre for Veterinary Epidemiological Research, Univ. of Prince 
Edward Island, Health Management, Canada, 2School of Animal & Veterinary Sciences, The University of 
Adelaide, Department of Science, Roseworthy Campus, Australia; rvanderstich@upei.ca

A nomogram is a graphical representation of mathematical relationships that calculates outcomes derived 
from one or several parameters by using a simple ruler. Surveillance models, used to confirm freedom 
from disease, apply Bayes’ theorem and rules of probabilities to incorporate historical surveillance data. 
These complicated equations make it difficult for policy-makers to understand the relationship and the 
impact of the surveillance system sensitivity and the risk of introduction on the confidence of being free. A 
nomogram that graphically captures these equations and includes the information, in the form of parameters, 
needed for the model, allows policy-makers to easily explore the relationships and understand the impact 
of model parameters on the outcome. The objective of this nomogram is to serve as a pedagogical tool to 
facilitate the understanding of surveillance models by those not actively involved in analytical modeling. 
The nomogram is designed as a series of vertical scales starting with the prior probability of infection 
(far left). A line is drawn through the surveillance system sensitivity for the first time period, the intercept 
indicating the negative predictive value. The line is then extended until it crosses through the probability 
of introduction during the first time period and indicates the posterior probability of freedom after that time 
period. The posterior probability of freedom becomes the starting value for the second time period [1-Prior 
Pr(Infection)], and the process is repeated for subsequent time periods. We hope this nomogram will serve 
as a visual link between analysts and those making decisions based on surveillance models.

Poster topic 09 Poster 43

Poster topic 09 Poster 42



434 ISVEE – Book of Abstracts 2012

Development of a rapid, user-friendly, diagnostic test for Taenia solium cysticercosis
Doble, L.F.1,2, Févre, E.M.1,2, Bronsvoort, B.M.3, Harrison, L.J.S.3, Parkhouse, R.M.E.4 and Toye, P.1, 
1International Livestock Research Institute, Kenya, 2University of Edinburgh, CIIE, United Kingdom, 
3University of Edinburgh, Royal (Dick) School of Veterinary Medicine, United Kingdom, 4Instituto 
Gulbenkian de Ciencias, Portugal; L.doble@sms.ed.ac.uk

In this presentation we would like to introduce a novel diagnostic tool for Taenia solium cysticercosis in 
the porcine host. This tool is a rapid, user-friendly lateral flow format assay utilising the HP10 monoclonal 
antibody. We will describe the production of this assay, its performance as judged using a Bayesian no-
gold-standard analysis and discuss the utility of such a test in the field. Neurocysticercosis, the development 
of the larval stage of this parasite within the central nervous system of man, is a leading cause of acquired 
epilepsy in the developing world. The parasite is sustained in a population by factors intrinsically linked with 
poverty: low-input free-range pig husbandry, poor latrine provision, lack of formal pig slaughter and meat 
inspection and low levels of education or awareness of hygienic meat preparation techniques. In order to 
assist the affected communities, who are by definition often those with scare resources, it is imperative that 
cost-effective and easy-to-use diagnostic assays are made available. Although checking the tongue of a pig 
for cysts has been recommended as a low-cost screening method for T. solium, the sensitivity of this test is 
notoriously poor. Several antibody and antigen ELISA assays have been developed, but the time, equipment 
and skills required to perform them makes them unsuitable for many of the situations where diagnostics are 
required. To rectify this situation work has been ongoing to develop a rapid, user-friendly, antigen detection 
test for use in the field. We believe that such an assay has a real utility both as a tool for epidemiological 
studies and within intervention strategies as we work towards control of this important parasitic disease.

Evaluation of a rapid serological test for the diagnosis of Leptospira spp infection in domestic dogs
Azócar A, L.1, Monti, G.1 and Smits, H.2, 1Universidad Austral de Chile, Department of Preventive Veterinary 
Medicine, Chile, 2KIT (Royal Tropical Institute), KIT Biomedical Research, Netherlands; 
gustavomonti@uach.cl

The aim of this study was to evaluate the performance of a rapid test (rELISA) for the detection of specific 
IgM antibodies of pathogenic serovars of Leptospira in serum samples of domestic dogs. For that, a cross-
sectional study was conducted using 92 serum samples from dogs of different breeds, sex and age from 
regions of Los Ríos and Los Lagos, Chile. As reference test, it was used Microscopic Agglutination Test 
(MAT) with a panel of 6 serovars. The rapid test was develop by KIT and performed according to designers 
instructions noting the presence or not of staining in the test line in the output window of the device to 
categorize the result as positive or negative. It was evaluated the agreement and the diagnostic performance 
of the rELISA against MAT. Forty four of the samples were positive for MAT (serogroups Sejroe, Pomona, 
Canicola, Icterohaemorragiae, Ballum and Autumnalis with antibody titers between 1:100 and 1:1600) 
and 48 samples were negative. Out of MAT positive animals, 12 were patients with recent vaccination 
against leptospirosis and 2 samples were from dogs with clinical signs: depression, anorexia, jaundice and/
or alterations to the biochemical profile indicative of kidney disease. The agreement between tests was 
low (Kappa=30,3%) and rELISA sensitivity was 25,0% (95% CI=13,2; 40,3), specificity was 97,9% (95% 
CI=88,9; 99,9%). The positive predictive value was 91,7% (95% CI=61,5; 99,8) and the negative predictive 
value was 58,8% (95% CI=41,2; 69,7). The rELISA could be useful for the detection of clinical cases of 
leptospirosis in veterinary clinics to be used as an ‘in house test’, to provide preliminary information about 
the serologic status of suspected dogs, but this data should be confirmed with a more accurate diagnostic test.
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Assessing diel flight activity and biting behavior of Culicoides in the Netherlands
Scolamacchia, F.1,2, Van Den Broek, J.2, Meiswinkel, R.1, Heesterbeek, J.A.P.2 and Elbers, A.R.W.1, 
1Central Veterinary Institute of Wageningen University and Research, Department of Epidemiology, 
Crisis organization and Diagnostics, Netherlands, 2Faculty of Veterinary Medicine – Utrecht University, 
Department of Farm Animal Health, Netherlands; f.scolamacchia@uu.nl

The emergence and massive spread of bluetongue virus serotype 8 in north-western Europe confirmed the 
importance of Palaearctic Culicoides species in disease transmission. Surveillance of Culicoides in European 
countries is currently carried out using standardized suction light-trap protocols that sample adult midge 
populations. However, it is not clear whether light-trap catches accurately reflect the Culicoides biting 
population. The aims of our study were threefold: (1) to investigate the Culicodies diel flight activity using 
different collecting methods; (2) to estimate the species-specific hourly attack and biting rates on cattle; and 
(3) to compare Culiocides abundances in light-trap (as traditionally measured) to midge population levels 
in the field. Field experiments were carried out fortnightly from May to September 2010 on a cattle farm 
in the Netherlands. Collections were made over 24 hours using direct (mechanical aspiration, pootering 
and sweeping) and indirect (suction light-trap) methods both inside a stable and outside in a pasture. 
Meteorological data were logged continuously by a weather station at the site. For each collection sample 
Culicoides were identified to species level and age graded. Culicoides maximum diel activity periods 
in relation to meteorological conditions and relative species composition, as obtained using different 
collecting methods, are discussed. Finally, the relative attack and biting rates experienced by cattle under 
field conditions are compared to the number of midges caught by light trap.

Differences between Nordic veterinarians in their threshold for starting treatment for mild clinical 
mastitis and possible effects on disease registers
Rintakoski, S.1, Espetvedt, M.N.2, Lind, A.3, Wolff, C.4, Lindberg, A.5 and Virtala, A.-M.K.1, 1University of 
Helsinki, Faculty of Veterinary Medicine, Finland, 2Norwegian School of Veterinary Science, Production 
Animal Clinical Sciences, Norway, 3University of Copenhagen, Large Animal Sciences, Denmark, 4Swedish 
University of Agricultural Sciences, Clinical Sciences, Sweden, 5National Veterinary Institute, Disease 
Control and Epidemiology, Sweden; simo.rintakoski@helsinki.fi

The aim of this study was to investigate if Nordic dairy veterinarians have different behavioural intention to 
start medical treatment the same day as diagnosing a mild clinical mastitis (MCM) in a lactating dairy cow, 
as this is one step in the process leading to a disease event being recorded to the national cattle database. 
Previous studies have shown differences between the Nordic countries with regards to the completeness of 
disease data. This project aimed at investigating if this may partly be due to differences in thresholds for a 
veterinarian to start treatment. In a previous study, the attitudes of Nordic farmers towards contacting the 
veterinarian due to MCM have been studied. A questionnaire-based survey was carried out in the Nordic 
countries Denmark, Finland, Norway and Sweden. The questionnaire followed the Theory of Planned 
Behaviour from the field of social psychology. In brief, the theory assumes that behavioural intention is 
strongly correlated to the actual performance of the behaviour. After qualitative face-to-face semi-structured 
elicitation interviews with, in total, 25 dairy veterinarians, a set of statements about treatment of MCM 
was identified. These were grouped into behavioural, normative and control beliefs. The most frequently 
mentioned beliefs were rephrased to questions. The questionnaire was pilot-tested, translated to the four 
Nordic languages, back translated and distributed to all veterinarians mainly in dairy practice. The response 
rate was a bit over 50% in all four countries (545 participating veterinarians). Descriptive statistics will 
be given.
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A spatial zero-inflated modelling approach for assessing the H5N1 surveillance system in Thailand
Vergne, T.1, Paul, M.1, Mortier, F.1, Chaengprachak, W.2, Durand, B.3, Yatbantoong, N.4, Dufour, B.5, Roger, 
F.1 and Grosbois, V.1, 1CIRAD, France, 2DLD, Thailand, 3ANSES, France, 4KU, Thailand, 5ENVA, France; 
timothee.vergne@cirad.fr

In Thailand, the major epidemic lasted from July 2004 to May 2005. The H5N1 surveillance system has 
often been assumed to be very efficient during this epidemic. However, no quantitative assessment of 
the Thai H5N1 surveillance program has been so far undertaken. Here, we propose to use zero-inflated 
(ZI) models to analyze unilist capture-recapture surveillance data collected during the 2004 epidemic at 
subdistrict level, to identify the factors driving the presence/absence of the disease and those influencing the 
detection process. ZI models use the number of detections of infection in the different sites for estimating 
the total number of infected sites, including those where infection was never detected. We considered each 
subdistrict of the country as the epidemiological unit (site), and that each H5N1 outbreak notified during 
the 2004 epidemic constituted a detection of the disease in the site. Therefore, our count dataset focused on 
the number of detected outbreaks in each subdistrict. To derive the real number of infected sub-districts, 
we fitted a ZI Poisson model (ZIP) and a ZI negative binomial model (ZINB) to our dataset. We tested 
the residuals for spatial autocorrelation, proved it was significant and thus added a spatial autocorrelation 
term in the model. As expected, the spatial ZINB fitted the data better than the spatial ZIP, suggesting the 
presence of overdispersion in the counts of detections. Derived from the spatial ZINB model, we were able 
to estimate the real number of infected subdistricts during the epidemic and the sensitivity of detection at 
sub-district level. We also identified the most important factors that determine the presence/absence of the 
disease in subdistricts (density of human population and density of free grazing ducks), and influence the 
detection process (density of free grazing ducks and density of native chicken).

A study on prevalence, risk factors and economic impact of sheep pox in North and South Kordofan 
States of the Sudan
Ahmed Mansour, M., Veterinary Research Institute, Department of viorlogy, Sudan; 
hamo152000@yahoo.com

The current study is an attempt to better understand the epidemiology of sheep pox in the Kordofan region 
in the western part of the Sudan, which is one of the largest production sites for sheep. The study was 
designed as a cross-sectional survey in the Kordofan region, with collection of specimen from the target 
population of sheep from March to September 2011; a concurrent questionnaire was done. The current 
study revealed that the estimated overall sero-prevalence of SPP in Kordofan region was 20.1% and that 
SPP prevails both in SKS and in NKS. Also, a number of risk factors like locality, herd size, insect bites 
and rain fall/year and traditional treatment were found to be significantly associated with SPP occurrence in 
the Kordofan region. The average cost of SPP was estimated at 20.5% of sheep flock production costs. The 
Indirect ELISA test to detect antibodies to capripox viruses was evaluated to have a diagnostic sensitivity 
of 33.33% and a diagnostic specificity of 60%.
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Assessing the use of an electronic telephone log to enhance early warning surveillance in England 
and Wales
Milnes, A.1, Mearns, R.2, Watson, E.3 and Hoinville, L.3, 1Animal Health and Veterinary Laboratories 
Agency (AHVLA), Langford Regional Centre, United Kingdom, 2AHVLA, Penrith Regional Centre, United 
Kingdom, 3AHVLA, Epidemiology and Risk, United Kingdom; eamon.watson@ahvla.gsi.gov.uk

Detection of new or re-emerging threats (NRT) relies on effective surveillance coverage of the target 
population. Telephone discussion of clinical cases between AHVLA Veterinary Investigation Officers 
(VIOs) and practitioners is recognised as an important method for the early detection of NRT. This extends 
the traditional pyramid of surveillance, which relies on the formal collation of laboratory data. A telephone 
log was introduced for post mortem submissions to AHVLA laboratories in January 2011. A review of 
the content of this log over a six month period was undertaken. The aim was to evaluate its use and how 
it may be developed to enhance early warning surveillance by collating data provided by all telephone 
communication with veterinary practitioners. During the period, 1076 telephone discussions were recorded, 
the findings of which will be discussed. This represented 24% of AHVLA carcase submissions within the 
time period. Telehealth systems are used successfully for surveillance in other European countries. The 
current system in AHVLA laboratories provides telephone support to practitioners using over 50 VIOs. 
Telephone consultations are varied including discussion of differential diagnoses in aid of a diagnosis. 
There is no formal method to capture data which does not result in a submission and yet 22% of NRTs are 
initiated through the phone discussions with practitioners. Systematic collation of information between 
the practitioner and VIOs is likely to reduce the time for detection of a threat and reduce the window of 
opportunity for silent spread. Managing this communication stream effectively is therefore likely to be 
beneficial to animal health and disease control.

Evaluation of four enzyme-linked immunosorbent assays for the serological survey of avian influenza 
in wild bird species
Claes, G.1, Vangeluwe, D.2, Van Der Stede, Y.3, Van Den Berg, T.1, Lambrecht, B.1 and Marché, S.1, 1CODA-
CERVA, Belgium, 2RBINS, Belgium, 3CODA-CERVA, CVD-ERA, Belgium; gecla@coda-cerva.be

Concerns about the threat H5N1 High Pathogenic Avian Influenza Virus poses on animal and human health 
has risen since it broke out in Hong Kong in 1997. Since then, Avian Influenza surveillance of aquatic birds 
has increased. More and more commercial Enzyme Linked Immunoassay (ELISA) tests are available for 
serologic surveillance but these tests are often developed and validated for use with domestic poultry. 
However, for a correct interpretation of ELISA test results from wild bird sera, more information is needed. 
In present study, four ELISA assays (ID-Vet IDScreen®, IDEXX FlockChek™ AI MultiS-Screen Ab Test 
Kit, Synbiotics FluDETECT™BE and BioChek AIMSp) were compared for the serological analysis of 
172 sera from wild duck, mute swan and canada goose. Samples were selected based on ID-Vet IDScreen-
results to obtain an approximate 0,5 prevalence rate. A total of 92 sera from experimentally infected Specific 
Pathogen Free (SPF) chickens and peking ducks were included in the tests as well. Cohen’s kappa statistics 
and Pearson correlation coefficients were calculated for each combination of 2 tests and for each bird species. 
Test agreement for wild duck sera varied from no until moderate agreement while test results for Canada 
geese and swan sera agreed fairly until almost perfectly. Tests agreed the most for sera from experimentally 
infected SPF chickens and peking ducks. This study shows not every commercial ELISA can be used for the 
testing of sera from every wild bird species and that more reliable validation studies should be considered 
for the use of these tests in serologic surveillance of wild bird species.
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Detection of hyperketonemia in dairy cows using FTIR and test day information
Jorritsma, R.1, Van Der Drift, S.G.A.1, Schonewille, J.T.1, Knijn, H.M.2 and Stegeman, J.A.1, 1Utrecht 
University, Farm Animal Health Department, Netherlands, 2CRV, Netherlands; r.jorritsma@uu.nl

The objective of this study was to assess the quality of a diagnostic model for the detection of hyperketonemia 
in early lactation dairy cows at test days, using FTIR spectroscopy analysis of milk ketone bodies and 
available test day information. Blood samples of 1,678 cows from 118 randomly selected farms were 
collected on the test day and analyzed. The prevalence of hyperketonemia was 11.2% in this study but 
observed herd prevalences varied largely between farms. The value of FTIR predictions of milk acetone 
and milk BHBA concentrations as single tests for hyperketonemia were found limited given the relatively 
large number of false positive test day results. A multivariate logistic regression model with a random 
herd effect was constructed, using test day information and FTIR predictions of milk acetone and milk 
BHBA as predictive variables. The obtained diagnostic model had a sensitivity and a specificity of more 
than 80% for the detection of hyperketonemia at test days. Confirmation of test-positive samples with wet 
chemistry analysis of milk acetone or milk BHBA concentrations (serial testing) improved the diagnostic 
performance of the test procedure. The presented model was considered not suitable for individual detection 
of cows with ketosis due to the length of the test day interval and the low positive predictive values of the 
investigated test procedures. The diagnostic model is in our opinion valuable for herd level monitoring of 
hyperketonemia, especially when the model is combined with wet chemistry analysis of milk acetone or 
milk BHBA concentrations.

Comparing four non-random farm selection methods applied in the Canadian notifiable avian 
influenza surveillance system
Christensen, J., El Allaki, F. and Vallières, A., Canadian Food Inspection Agency, Canada; 
Jette.Christensen@inspection.gc.ca

Analysis of surveillance data to demonstrate freedom from a disease may include estimation of probability of 
being free from the disease (PrFree) and a descriptive analysis of the geographical representation as well as a 
relevant description of species and production types. To be efficient th the surveillance should be designed to 
yield a high PrFree while representing the area, species and production types therefore non-random sampling 
may be more efficient than random sampling. In addition, random sampling from a registry of farms may not 
be feasible in all countries. We use data from the Canadian Notifiable Avian Influenza Surveillance system 
(CanNAISS) to compare four non-random farm selection methods. Specifically we compare the distribution 
of poultry types, age of poultry and geographical representation. The farm selection methods were: M1 was 
based on slaughter schedules and monthly target sample sizes. Breeders and layers had high priority, turkeys 
and roasters (chicken >3.7 kg) lower priority; M2 was based on hatchery supply flock lists. All farms with 
a flock coming to the end of lay were selected; M3 was based on registered poultry producers in British 
Columbia. Priority was given to multi species farms and farms with more than one production type; and M4 
was a combination of M1, M2 but included a list of table egg layer farms. The geographical representation 
was ensured by setting target sample sizes for each of the 10 provinces and by no re-test of a farm within 
6 months. Method 1 yielded a good geographical representation, about 50% turkey farms and a lower age 
of the tested poultry than methods 2, 3 and 4. Table egg layers were only well represented by method 3 and 
4. We conclude that a combination of the four methods may be the most efficient farm selection method.
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Evaluation of the specificity of two ELISA tests for detection of Salmonella antibodies in bulk milk
Nyman, A.-K.J.1, Ågren, E.C.C.2, Bergström, K.1 and Wahlström, H.2, 1National Veterinary Institute, 
Department of animal health and antimicrobial strategies, Sweden, 2National Veterinary Institute, 
Department of disease control, Sweden; helene.wahlstrom@sva.se

Sweden has a documented low prevalence of Salmonella in animals. After years of successful control, 
based on bacteriology, the need for more cost-effective diagnostic tools as a complement to bacteriology has 
become apparent. Serological tests for detection of antibodies against Salmonella Dublin and S. Typhimurium 
has been developed for cattle. As test performance may vary in different populations it was important to 
evaluate the specificity of these serological tests in Swedish dairy herds before considering use within 
the control program. The sensitivity was not evaluated in this study. From a national biannual bulk milk 
sampling in 2007, every sixth sample was selected, resulting in 1,067 samples. The samples were analysed 
with PrioCheck® Salmonella Ab bovine Dublin ELISA and PrioCheck® Salmonella Ab bovine ELISA. 
Specificity was calculated assuming disease free status of the Swedish dairy population. As the specificity 
depends on the chosen cut-off value, the results will be presented as a graph with specificity as a function 
of PP-value (PP = percent positivity). It was concluded that the specificities of these ELISA tests are high 
enough to be used as a complementary test in the Swedish control program, also with a lower cut-off value 
than recommended by the producer. Consequences of different cut-off values, when used on Swedish dairy 
cattle, will be discussed.

Impact on sensitivity of a commercial iELISA test for brucellosis, when serological samples are pooled
Gil, A., Suanes, A., Zaffaroni, R., Di Pace, B., Rosas, D., Nuñez, A. and Piaggio, J., Facultad de Veterinaria 
(UDELAR), Biostatistics, Uruguay; adgr@adinet.com.uy

Uruguay has an eradication program for Brucella abortus. The susceptible population is approximately 6 
million cattle and 25% of it is tested annually with a high cost for farmers and government alike. With a 
farm prevalence of 1% and a cattle prevalence of 0.26%, an increase in surveillance is needed to eradicate 
the disease and maintain the cost at a reasonable level. The objective of this study was to assess the 
dilution effect in test sensitivity when using pool samples, in order to determine the viability of this type 
of sampling. 18 serum samples were selected from animals with positive diagnosis to B. abortus and 100 
serum samples from animals in farms without a history of Brucellosis. Previously, all samples were tested 
with Bengal Rose, FPA, and ELISA to corroborate their status. Each positive serum was diluted to half 10 
times and tested with a commercial iELISA. Each dilution was classified by iELISA as positive or negative 
to develop a probit model with a base 2 logarithm of the dilution. The model was significant with a constant 
value of 2.275(EE=0.292) and the coefficient log(dilution) -0.300 (EE=0.043). The test sensitivity (Se) for 
each dilution was estimated with the probit model.The dilution are: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 
1024, and the respective sensitivities (Se) are: 99%, 98%, 95%, 92%, 86%, 78%, 68%, 57%, 45%, 33%, 
23%. With this information, in a hypothetical case of positive farms with a herd prevalence of 10% and a 
random sample of 32 cows, the herd sensitivity changes from 96% with individual samples to 93% if we 
process all the samples in one pool. In conclusion, it is possible to increase the surveillance and keep costs 
at reasonable level.
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Comparison of alternative systems for the detection of emerging diseases by surveillance of fallen stock
Ågren, E.C.C.1, Hallgren, G.1, Lewerin, S.S.2, Hård Af Segerstad, C.3 and Frössling, J.1, 1National Veterinary 
Institute (SVA), Dept of Disease Control and Epidemiology, Sweden, 2Swedish University of Agricultural 
Sciences, Dept of Biomedicine and Veterinary Public Health, Sweden, 3SVA, Dept of Pathology and Wildlife 
Diseases, Sweden; gunilla.hallgren@sva.se

For diseases that may cause increased mortality or specific post-mortal changes, surveillance activities 
targeting fallen stock could improve the overall ability to detect disease. The aim of this study was to 
compare the sensitivity and the cost-effectiveness of different alternatives for such surveillance activity. 
Different scenarios for sampling fallen stock were designed: (1) sampling of fallen stock at the farm which 
could be performed by a veterinarian, a carcass collector or by the farmer; (2) selection of fallen stock at 
the rendering plant for necropsy and sampling of macroscopic findings, or alternatively routine sampling 
of selected organs; (3) sampling of fallen stock at post mortem facilities when referred for necropsy with 
sampling of macroscopic findings or alternatively by routine sampling (present system). The sensitivity of 
each surveillance alternative was estimated using scenario-tree modelling and based on actual numbers of 
fallen stock, and numbers of animals and herds in different risk categories. Bovine tuberculosis in cattle 
(bTb) and classical swine fever (CSF) were chosen as model diseases. The sensitivity to detect these diseases 
was calculated for each scenario with several hypothetical levels of sampling intensity. In addition, the 
costs for each surveillance activity were roughly estimated. The results show that the present system for 
sampling of fallen stock has a very low sensitivity for bTb and CSF, because very few animals are sent for 
necropsy. However, with a different system the sensitivity can be increased considerably. The most efficient 
alternative for both diseases were selection of carcasses at the rendering plant with transfer to post-mortem 
facilities for necropsy and routine sampling of selected organs.

Cost effectiveness analysis of participatory disease surveillance in Kenya
Hannah, H., Kimani, T., Grace, D. and Randolph, T., International Livestock Research Institute, Kenya; 
vetepi@gmail.com

Effective surveillance for infectious diseases is an essential and resource-consuming activity for mitigating 
unwanted consequences for animal and public health. Allocation of scarce resources for surveillance must 
be considered against alternative prevention and control measures and regularly reviewed. Few studies 
estimate cost-effectiveness and benefits of different animal disease surveillance approaches and systems. 
In this study, we considered the benefits and resource costs of participatory epidemiology (PE) surveys and 
participatory disease surveillance (PDS) compared with routine passive surveillance. Focusing on a 6-month 
interval in a primarily pastoralist district in Kenya, basic performance indicators for surveillance measured 
were (1) number of outbreaks; (2) number of samples generated from suspected outbreaks; (3) number of 
positive laboratory confirmations. Costs of passive surveillance and interventions mounted were determined 
for the 6-month interval. In the same district, PE surveys were conducted in randomly selected communities 
to determine the number of outbreaks of notifiable cattle diseases in the same 6-month interval. Additional 
information was collected on the scale of morbidity and mortality for historical outbreaks (numbers and 
duration), the value of individual animals and the number of active outbreaks. Costs associated with 
mounting PE visits were ascertained and extrapolated to district level. One month after completion of PE 
visits, district level stakeholders were interviewed to determine the response, if any, to outbreaks detected 
during the visits. The study provides cost effectiveness estimates at a district level for the 6-month interval, 
including losses which occurred from outbreaks missed by passive surveillance and costs if PE were applied 
at regular intervals. In addition, the findings consider available prevention and control responses and provide 
decision-makers with evidence to inform future application of participatory approaches in animal disease 
surveillance.

Poster topic 09 Poster 57

Poster topic 09 Poster 56



ISVEE – Book of Abstracts 2012 441

Performance indicators of the active surveillance system for avian influenza in Cuba
Ferrer, E.1, Alfonso, P.1, Abeledo, M.1, Fonseca, O.1, Percedo, M.1, Fernández, O.1, Ippoliti, C.2 and Calistri, 
P.2, 1Centro Nacional de Sanidad Agropecuaria, Cuba, 2Istituto Zooprofilattico Sperimentale dell’Abruzzo 
e del Molise G. Caporale, Italy; ferrer@censa.edu.cu

The sensitivity of the active surveillance system for avian influenza was assessed by a stochastic model 
quantifying the probability of revealing by the system at least one infected animal within a farm. The 
diagnostic sensitivity of the haemoagglutination inhibition assay and different levels of within flock 
prevalence (5%, 10% and 30%) were considered, under five different samples size scenarios: testing 20, 
30, 40, 50 or 60 animals in each flock. Similarly the probability of revealing at least one infected farm at 
a between flock prevalence of 5% were assessed, as well the timing right investigations according to risk 
period constitutes by waterfowl migrations. The results of the simulation model demonstrated that 30 tested 
birds for each flock can likely detect the infection when the within prevalence of infection is around 30%. In 
this case, in fact, the probability of having at least one positive result is more than 99%. When lower levels 
of within flock prevalence are considered, the probability of failing to detect the infection with 30 tested 
birds raises up to 7.5% and 19.8% with, respectively, 10% and 5.7% within flock prevalence.

Comparison of traditional laboratory parameters with acute phase proteins in visually identified 
diseased feedlot calves
Wolfger, B.1, Levy, M.1, Barkema, H.W.1, Pajor, E.A.1, Plastow, G.2 and Orsel, K.1, 1University of Calgary, 
Production Animal Health, Canada, 2Livestock Gentec, University of Alberta, Edmonton, Canada; 
bwolfger@ucalgary.ca

Changes in blood parameters such as white blood cell count (WBC), total plasma protein (TP) and fibrinogen 
(Fb) have been used to support clinical infectious disease diagnosis. Recently, laboratory tests for acute phase 
proteins (APP) have been described and used as biomarkers of inflammation. The objective of this study 
was to create a reference interval and compare test results of APPs in a field setting to clinical evaluation 
of bovine respiratory disease (BRD) in feedlot cattle by the staff. This study included 429 auction-derived 
mixed breed calves at two southern Alberta commercial feedlots identified as BRD cases in the first 5 weeks 
after arrival. Sick calves were immediately bled and treated according to feedlot protocols. Treatment records 
and rectal temperature were collected. Blood samples were used to quantify TP, Fb and WBC. Commercial 
ELISA tests (Tridelta Ltd, Maynooth, Ireland) for haptoglobin (Hp) and serum amyloid A (SAA) were 
performed on serum samples, stored at -20 °C. A reference interval was created with 72 healthy feedlot cattle 
10 days before slaughter. Test results from sick animals were compared to this reference interval. The rate 
of detection was compared to feedlot staff evaluation. Preliminary results showed sensitivity estimations of 
82.6% (78.2-86.4) and 51.5% (46.2-56.9) for Hp and SAA respectively, while sensitivities of 29%, 16.6% 
and 41.7% were determined for WBC, TP and Fb. Specificity estimations based on the healthy individuals 
was estimated 88.5 (79.2-94.6) for Hp and 73.1 (61.8-82.5) for SAA. Feedlot staff identifies sick calves 
based on experience and knowledge of cattle behavior. However, due to cattle’s stoic nature, visual appraisal 
might not be accurate. Our results suggest, that Hp is a strong tool to assess disease in feedlot animals, while 
SAA, WBC, TP and Fb showed low sensitivity when compared to visual appraisal.
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The use and management of an online spreadsheet as database for epidemiological surveillance
Hutter, S.E., Angulo, L., Sandi, A. and Ortiz, E., Ministerio de Agricultura y Ganadería, Servicio Nacional 
de Salud Animal, Costa Rica; sabine.hutter@gmail.com

For several years, the Costa Rican Veterinary Services (SENASA) employed self-developed software for 
animal surveillance, but its use was finally discontinued due to little flexibility and other problems. There 
was an urgent need for a quick replacement of the former system, which would be able to register disease 
events investigated in the frame of passive epidemiological surveillance by official veterinarians. A digital 
database was created, using a spreadsheet in ‘google docs’, which is a free application in ‘Gmail’, an open 
email service provided by ‘Google’. This spreadsheet, which we called BOEE (Bulletin Of Epidemiological 
Events) was shared with field veterinarians, animal health program coordinators, the laboratory and a few 
others, who were given access to edit or view the data. The spreadsheet contains information on the date of 
notification, the veterinarian attending the event, location, farm code, disease syndromes, measures taken, 
number of samples sent to the lab, a unique consecutive case number, some other variables and the final 
result. Disease events and outcome of the lab analysis must be registered within 48 hours. The data can 
easily be downloaded in Excel, PDF or other formats. Once a month, the data is saved into an Excel file, 
in which all data throughout the year are accumulated, the online data base is left empty in order to make 
reporting easier. Data analysis, which used to be a weary process, is now done in little time by using filters in 
an Excel file. All data are available in one central data base. Although BOEE is a simple online spreadsheet, 
and not a very robust informatics system, it has helped SENASA maintain a good and timely register of 
disease events, which is easily accessible to all official veterinarians in need of this data, and may serve as 
an early warning system. This spreadsheet could be used by developing countries as a potential solution to 
establish an easy, cheap and flexible reporting system.

The role of carry over in test day samples in dairy herds with different milking systems
Bennedsgaard, T.W.1, Bjerring, M.1 and Katholm, J.2, 1Aarhus University, Department of Animal Sciences, 
Denmark, 2Knowledge Centre for Agriculture, Cattle, Denmark; torbenw.bennedsgaard@agrsci.dk

Test day samples are analyzed for fat, protein, somatic cell counts and in some cases bacteria by real-time 
PCR. The variation between cows within a herd is normally limited with regard to fat and protein, but 
for SCC and bacteria counts in the milk the variation between cows might be very big. The methods for 
sampling the cows depends on the milking system and studies in Danish dairy herds have shown carry 
over between cows from 2 to 15%. The carry over might results in misclassification of cows as infected or 
healthy based on SCC or PCR analysis and result in unnecessary costs for treatment, culling or repeated 
sampling of cows. The presentation will present results for carry over and the effect on the classification of 
cows based on both SCC and PCR in herds with parlor milking and different automatic milking systems. 
Furthermore the effect of the carry over on different sampling strategies and the possibilities for correction 
of the measurements based on information about the milking order depending on the prevalence of the 
bacteria of interest will be presented based on data from 30 Danish dairy herds.
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Cost minimization analysis for low pathogenic avian influenza surveillance systems based on blood 
or egg samples
Rutten, C.J.1, Gonzales, J.L.2,3, Elbers, A.R.W.2 and Velthuis, A.G.J.1, 1Wageningen University, Business 
Economics, Netherlands, 2Wageningen UR, Epidemiology, Crisis organization and diagnostics, Central 
Veterinary Institue (CVI), Netherlands, 3Utrecht University, Farm Animal Health, Faculty of Veterinary 
Medicine, Netherlands; niels.rutten@wur.nl

As low pathogenic avian influenza viruses can mutate into high pathogenic viruses the Dutch poultry sector 
implemented a surveillance system for low pathogenic avian influenza (LPAI) based on blood samples. 
From a cost reduction point of view it has been suggested that egg yolk samples could be sampled instead 
of blood samples on egg layer farms. To support future decision making about AI surveillance economic 
criteria are important. Therefore a cost analysis for the Netherlands is performed on systems that use either 
blood or eggs as sampled material. The effectiveness of surveillance using egg or blood samples was 
evaluated using scenario tree models. Then an economic model was developed that calculates total cost 
considering cost for sampling, sample preparation, sample transport, testing, communication of test results 
and for the confirmation test on positive results. The surveillance systems varied in sampled material (eggs 
or blood), sampling location (layer farm or packing station) and location of sample preparation (laboratory 
or packing station). It is shown that a hypothetical system in which eggs are sampled at the packing station 
and samples prepared in a laboratory had the lowest total cost (i.e. € 273,393) a year for the Netherlands. The 
hypothetical system in which eggs are sampled ate the farm and the currently implemented system in which 
blood is sampled at the farm have 6% and 39% higher cost respectively. This study shows that surveillance 
for avian influenza on egg yolk samples can be done at lower cost than surveillance based on blood samples. 
The model can be used in future comparison of surveillance systems for different pathogens and hazards.

Post-vaccination technical monitoring of Brucella melitensis in Albania
Mersinaj, K.1, Xhaxhiu, D.2 and Crilly, J.1, 1National Veterinary Epidemiology Unit, Albania, 2Veterinary 
Medicine Faculty, Albania; mersini2003@yahoo.com

The aim of monitoring the efficiency of REV1 vaccination campaign against Brucella melitensis in small 
animals is to determine if the current policy is still valid and guide the decision to change the strategic 
approach. The currently applied strategic plan, started in 2004 and aims to vaccinate all replacement stock 
each year. Such population fraction represents 25% of the total small ruminant population and by 2008-
2009 the whole population would have been immunized. The primary objective of the technical monitoring 
programme was to determine efficiency of the vaccination strategy by identifying the proportion of animals 
in the target population with significant titres of Brucella specific antibodies. This in turn is determined by 
the proportion of animals which have been vaccinated, and by the rate of sero-conversion in vaccinated 
animals. In 2007 a multistage fashion survey has been carried out in ten southern districts of Albania on 
three separate fractions of small ruminant population. According to the sampling protocol have been blood 
sampled, (1) 1,335 animals of 3-6 months old replacement females in order to assess the proportion of 
the target population which has been effectively vaccinated; (2) 359 unvaccinated adult breeding males to 
estimate the prevalence of B. melitensis infection; and (3) 450 breeding females with a history of abortion 
in order to estimate any association between abortion and previous vaccination history. The results of 
vaccinated animals based on Rose Bengal Plate Test, indicates that an overall sero-conversion rate of around 
48% has been achieved, considering the wide variation between districts ranging from 13% to 78%. From the 
unvaccinated male animals the sero-prevalence resulted 23% and that Brucella antibodies where detected in 
24% of aborted females. Such results suggests that there is a need to change the strategic approach toward a 
policy of mass vaccination of all small ruminat population in selected areas of Albania, or even nationwide.
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An effective sero-surveillance program for detection of low pathogenic avian influenza outbreaks in 
layer chickens
Gonzales, J.L.1, Boender, G.J.1, Stegeman, J.A.2, Elbers, A.R.W.1 and De Koeijer, A.A.1, 1Central Veterinary 
Institute part of WUR, Netherlands, 2Faculty of Veterinary Medicine, Utrecht University, Netherlands; 
pepevet2@hotmail.com

Low pathogenic avian influenza virus (LPAIv) of the H5 and H7 subtypes can mutate to a highly pathogenic 
virus when infecting poultry. Hence early detection of LPAIv outbreaks will reduce the probability of 
pathogenicity mutations and large epidemics. The objective of this study was to develop a model for the 
design and evaluation of an effective and efficient serological surveillance programme for LPAIv infections 
in layer chicken flocks. We aimed at early detection and culling of an infected flock before it infects more 
than one other flock (between flock reproduction ratio Rf<1), hence a large epidemic cannot occur. We used a 
mathematical model that explores the effect of sample size and sampling frequency on timely detection. The 
model takes into account the LPAIv within- and between-flock infection dynamics as well as the diagnostic 
performance of the test used for surveillance. Since layer flocks are the target population, we explored the 
value of using eggs as an alternative to sera as sample commodity. The model was subsequently applied to 
refine the Dutch serological-surveillance programme. Using a transmission kernel, the Rf for each flock was 
estimated and a transmission-risk map was constructed. The latter was used to target a risk-based surveillance 
strategy. Most flocks (79%) had an Rf<1 and an early detection programme in areas where these flocks are 
located would not be required. Early detection could be implemented in areas with flocks with an expected 
Rf>1. For example, in areas/flocks where Rf=2.2, sampling ten sera samples/flock every month would ensure 
early detection. If eggs are sampled, 90 samples every month would be required. In conclusion, we present 
a model that can be used to explore different sampling strategies and can aid implementation of effective 
surveillance programmes for low pathogenic avian influenza.

Bovine TB interferon-γ assay at slaughter: a novel strategy for targeted surveillance
Okafor, C.C.1, Grooms, D.L.1, Bolin, S.R.1, Averill, J.J.2, Gravelyn, T.D.1 and Kaneene, J.B.1, 1Michigan 
State University, USA, 2Michigan Dept. of Agric. & Rural Dev., USA; okaforch@cvm.msu.edu

Screening for bovine tuberculosis (bTB) at points-of-concentration (POC) of cattle would aid in the global 
efforts to eradicate bTB. Three separate studies evaluated the application of the interferon-gamma (IFN-γ) 
assay for use at slaughter facilities, a POC of cattle. Study one tested blood obtained at commencement 
of exsanguination (COE) of cattle experimentally sensitized with inactivated M. bovis for retention of a 
positive result in the IFN-γ assay. Results indicated that most sensitized cattle would retain a positive IFN-γ 
assay result at COE, despite a decline in IFN-γ production. In study two, at the time of blood collection, 
and total lymphocyte counts were evaluated as potential factors affecting measurable IFN-γ production 
at COE. Results indicated that blood obtained from sensitized cattle at COE was more likely to remain 
positive than blood collected at successive time points post exsanguination; hence time of blood collection 
is crucial to obtaining valid bTB IFN-γ assay result at slaughter. Lymphocyte counts progressively declined 
following exsanguination, which might contribute to the reduction in IFN-γ production. To compensate 
for the reduction in IFN-γ production, a different set of positive cut-off values might be needed for blood 
collected at COE. Study three tested cattle under field conditions. The cattle originated from herds designated 
as one of three risk categories: known infected, potentially exposed, and non-exposed. Cattle with or without 
bTB-like gross lesions were identified as IFN-γ assay positive using blood collected at COE. One of those 
cattle was confirmed bTB positive by bacterial culture. All the IFN-γ assay positive cattle originated from 
either known infected or potentially exposed herds. Therefore, blood collected at COE could be used to 
identify bTB exposed herds or to monitor a bTB-free area, providing an additional tool for the control and 
eradication of bTB.
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Predicting cow-calf producers’ intent to report suspect cases of FMD in Texas
Delgado, A.1, Norby, B.2, Scott, H.M.3, Dean, W.4 and Mcintosh, W.A.5, 1IICA, Costa Rica, 2Michigan State 
University, Dept. of Large Animal Clinical Sciences, USA, 3Kansas State University, Dept. of Diagnostic 
Medicine/Pathobiology, USA, 4Texas A&M Health Science Center, School of Rural Public Health, USA, 
5Texas A&M University, Dept of Sociology, USA; amy.delgado@iica.int

Livestock producers serve as an important line of defense for early detection of an introduction of foot-and-
mouth disease (FMD). However, due to the complexity of moral, social, and economic issues surrounding the 
control of highly contagious diseases, producer participation in disease reporting may not be assured. Two 
questionnaires were developed and distributed to 2,018 and 2,022 Texas cow-calf producers, respectively, 
in order to determine the factors which best predict producers’ intentions to report cattle with clinical signs 
consistent with FMD either in the absence of or during a hypothetical outbreak of FMD. Factor analysis, 
followed by multivariable, ordinal logistic regression was used to predict producers’ intentions. Reporting 
of cattle with clinical signs of FMD in the absence of an outbreak was related to producers´ beliefs about 
the consequences of reporting, beliefs about what other producers would do, trust in agricultural agencies, 
and their perception of the risk posed by FMD. During a hypothetical outbreak, intentions to report were 
determined by producers’ beliefs about the consequences of reporting, perception of the risk posed by 
FMD, prior experience with federal disease control programs, and age. Recommendations for improving 
reporting include targeting specific beliefs related to the consequences of reporting, increasing transparency 
in the post-reporting process, planning for and communicating plans for maintaining business continuity in 
order to better inform risk perception, and partnering with organizations to ensure sustained and meaningful 
communication that supports trust between producers within the affected agricultural community.

Re-introduction drives the within-herd persistence of bovine tuberculosis in Great Britain
Conlan, A.J.K., Mckinley, T.J., Brooks Pollock, E. and Wood, J.L.N., University of Cambridge, Disease 
Dynamics Unit, Department of Veterinary Medicine, United Kingdom; jlnw2@cam.ac.uk

The number of cattle herds placed under restrictions in Great Britain (GB) due to the suspected presence 
of bovine tuberculosis (bTB) has progressively increased over the past 25 years despite a costly test-and-
slaughter control program. Recent research has focused on the contribution of cattle-movements and wildlife 
reservoirs on incidence as measured by the number of so-called ‘breakdown’ herds. However, around 
38% of herds that clear restrictions experience a recurrent breakdown within 24 months suggesting that 
infection may be persisting within herds. Persistence is likely to be facilitated by the imperfect sensitivity 
and specificity of the tuberculin skin test. The contribution of missed infection cannot be directly quantified, 
as the sensitivity of the tuberculin test is dependent on the time from infection and thus the frequency of 
testing and the history of transmission within the herd. In this study we develop a systematic framework 
to infer the efficiency of the GB surveillance regime using dynamic within-herd models. We use statistical 
measures of persistence, which describe the balance between local persistence and the rate of re-introduction 
of infection, as a probe for inference. Stochastic persistence has been extensively studied for endemic 
childhood diseases, but has not previously been used as a basis for inference for managed infections such as 
bTB. We introduce a systematic, and general, framework for model-based inference based upon measures 
of stochastic persistence using Approximate Bayesian Computation (ABC). Using routinely collected 
epidemiological data we estimate that 8.4% (3.7-16; 95% credible interval) of British breakdowns have 
infected animals remaining after a herd has been declared ‘bTB free’, leaving a median of 1 (1-3; 95% 
CI) infectious animals within these herds. Our analyses suggest that it is extrinsic transmission into herds, 
rather than this infectious burden, that drives recurrence.
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Enhancing laboratory capacities in the Caribbean for better animal health regional surveillance
Lefrancois, T.1, Barcos, L.2, Vachiery, N.1, Caribvet Laboratory, W.G.3 and Lazarus, C.4, 1CIRAD, UMR 
CMAEE, Guadeloupe, 2OIE, Argentina, 3CaribVET, Members on www.caribvet.net, Guadeloupe, 4FAO, 
Barbados; thierry.lefrancois@cirad.fr

The Caribbean Animal Health Network (CaribVET) is a collaboration network of veterinary services, 
laboratories, research institutes and regional/international organizations in the Caribbean. Its goal is to 
improve animal and veterinary public health in the 32 Caribbean countries and territories. In the past, 
CaribVET had evaluated 34 CARICOM diagnostic laboratories and organized several workshops on IATA 
regulations and on diagnostic techniques. CaribVET coordinated simulation exercises on Avian Influenza 
samples’ shipment and inter-laboratory assays on Classical Swine Fever diagnostic. The ‘Laboratory 
Quality Assurance and Diagnosis Working Group ‘ (WG), created in 2011, gathers main actors involved in 
diagnostic and laboratory activities and meets every 3-4 months physically or virtually. The WG (1) regularly 
updates diagnostic capabilities and capacities in the region; (2) identifies training needs, promotes and 
strengthens links with reference labs; (3) provides guidance for the development of a regional network of 
laboratories while promoting the exchange of data, protocols, materials, and human resources; (4) promotes 
the implementation of quality assurance in veterinary diagnostic laboratories; and (5) supports the logistics 
of inter-laboratory assays. Recent achievements include (1) the development of an online database of 
laboratories in the Americas (CaribVET, CIRAD Guadeloupe, OIE collaboration); (2) signature of a letter 
of understanding between OIE and CaribVET to develop joint activities in accordance to both structures’ 
recommendations; and (3) organization of a workshop on diagnostics of swine influenza and quality 
assurance in Guadeloupe within the FAO technical cooperation project on swine influenza surveillance. 
These coordinated activities reinforce diagnostic capacities and capabilities in the Caribbean which are 
essential for efficient surveillance of animal health.

Heartwater surveillance network in Guadeloupe: a model for the Caribbean
Laurent, M.1, Gerbier, G.2, Faverjon, C.1, Teissier, R.3, Redon, J.-M.4, Vachiery, N.1, Lefrancois, T.1 and 
Pradel, J.1, 1CIRAD UMR CMAEE, Petit Bourg, Guadeloupe, 2DAAF, Basse Terre, Guadeloupe, 3GDSG, 
Guadeloupe, 4AVPLG, Guadeloupe; jennifer.pradel@cirad.fr

Heartwater, a tick-borne disease of ruminants transmitted by Amblyomma ticks is present in 3 Caribbean 
islands: Guadeloupe, Marie-Galante and Antigua, representing a threat for neighboring islands and North 
America. Despite the availability of efficient acaricides, no significant improvement has been seen in 
vector and disease control. The Ticks and tick borne disease working group of the Caribbean animal health 
network (CaribVET) recommended Guadeloupe the conduct of (1) a sociologic study to understand farmers’ 
reluctance to adopt efficient treatment; and (2) heartwater surveillance. A passive surveillance network 
monitoring ruminant neurological syndromes, RESPANG, was set up in July 2010. RESPANG objectives 
are to assess the burden of heartwater and sensitize farmers. Private veterinarians collect blood and ticks 
after farmer reporting of clinical suspicion. Diagnostic for heartwater, babesiosis and anaplasmosis is 
performed at CIRAD. An online database displays results on interactive maps allowing the identification 
of areas where communication campaigns by farmer association can be focused. Leaflets and key messages 
were developed, based on the recommendations of the sociological survey. Out of 238 suspicions, 30.5% 
were positive for heartwater all along the year. Analysis of the factors associated with heartwater is currently 
ongoing. RESPANG shows excellent partner involvement and interaction. Surveillance performance 
indicators will improve network operation and coordination. Long-term data set will enable to assess the 
impact of communication campaign and possibly to detect introduction of diseases with similar clinical 
signs. In parallel, pathogen and vector genetic characterization is being developed using RESPANG samples. 
This shows the tight link between surveillance network and research activities. CaribVET supports the 
establishment of similar networks for other diseases in other Caribbean islands.
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Surveillance for Trichinella spiralisin Canadian swine: proposed standards for reporting of surveillance 
information in freedom from disease modeling
Vanderstichel, R.1, Christensen, J.2, Stryhn, H.1 and Hurnik, D.1, 1Centre for Veterinary Epidemiological 
Research, Univ. of Prince Edward Island (UPEI), Health Management, Canada, 2Canadian Food Inspection 
Agency, Epidemiology and Surveillance Section, UPEI, Canada; rvanderstich@upei.ca

The Atlantic Veterinary College, the Canadian Food Inspection Agency, and the Canadian Swine Health 
Board are collaborating to confirm the absence of infection with Trichinella spiralis, a zoonotic parasitic 
roundworm, in Canadian commercial swine. We use scenario tree models that combine historical and current 
T. spiralis surveillance data from different sources to estimate the probability of freedom from disease. 
Scenario tree modelling has become an established methodology and is well described in the literature; 
however, standards for organizing and reporting the surveillance information incorporated into such models 
are less developed. Based on our work on T. spiralis, we propose that information in surveillance models 
be organized in distinct categories, each with specific parameters and values that are thoroughly described 
and justified. The proposed categories are: (1) definitions for objectives; (2) starting point; (3) inputs; (4) 
data; and (5) outputs. Data from the project will be used to illustrate the proposed method for reporting 
surveillance studies. A standardized manner of reporting such studies will facilitate their validation and 
expedite their evaluation by experts in the field. Our scenario tree modelling reflects that current international 
guidelines by the World Organisation for Animal Health (OIE) require reporting of presence or absence of 
infection with T. spiralis in two distinct populations: sows and hogs. We discuss the implications hereof 
for scenario tree modelling and compare results from analysis in a combined population with a common 
design prevalence to those of analyses in two distinct populations with different design prevalences. For 
the latter analysis we also describe how to arrive at a single probability of freedom at the country level.

Surveillance of equine influenza viruses in the United Kingdom, 2009-2011
Newton, R., Rash, A., Woodward, A., Blinman, D., Bryant, N., Termine, C., Cruz, F., Wohlfender, F., 
Hammond, T.A. and Elton, D., Animal Health Trust, United Kingdom; richard.newton@aht.org.uk

Equine H3N8 influenza A virus (EIV) causes clinically severe respiratory disease in horses. Antigenic 
variation (drift) of the surface haemagglutinin protein, the major immune target of EIV, leads to reduced 
vaccine efficacy. As antigenic drift is continuous, ongoing virus characterisation is necessary to inform 
periodic vaccine updates. Viruses isolated around the world are submitted to the Animal Health Trust, UK 
for antigenic and genetic analysis so that antigenically distinct viruses can be assessed for their spread in the 
equine population. Antigenic and genetic characterisation was carried out on EIV isolatedin the UK between 
2009 and 2011. In the 3 years, 37 viruses were isolated from 53 swabs testing positive by antigen ELISA. 
All EIV were characterised as being of either one of two clades now recognised of the Florida sublineage 
(clades 1 and 2), with a distinct temporal clustering of each clade. With the exception of one clade 1 isolate 
(Lincolnshire/1/07), only clade 2 Florida sublineage EIV were isolated in the UK to mid-2009. However, for 
the latter part of 2009 only clade 1 EIV were isolated (7 isolates from England, Scotland and Wales) and were 
shown genetically to be closely related to clade 1 EIV isolated in USA in 2009. Although it was assumed 
this would confirm a change in predominance from clade 2 to clade 1 in the UK as seen previously with the 
emergence of American lineage and Florida sublineage viruses, only clade 2 EIVs were isolated in the UK 
throughout 2010 and 2011 with no evidence of continued circulation of clade 1 EIV. Clade 2 viruses were 
also active in this period elsewhere in Europe and in India, Mongolia and China. Although cases of EI in the 
UK have mainly been recognised in non vaccinated animals, suggesting continued vaccine effectiveness, 
recommendations for strains included in vaccines were updated in 2011 to include representatives of both 
clade 1 and clade 2 EIV, thereby optimising global relevance.
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Participatory disease surveillance evaluation: findings from Africa (HPAI) & Pakistan (rinderpest)
Hannah, H.1, Pali, P.1, Rware, H.1, Bett, B.1, Randolph, T.1, Grace, D.1, Njuki, J.1, Pissang, C.2 and Hisrich, 
E.3, 1International Livestock Research Institute, Kenya, 2VSF, Belgium, 3CSU, USA; vetepi@gmail.com

Participatory disease surveillance (PDS) has been promoted in developing countries to complement 
conventional surveillance, particularly for rinderpest eradication and Highly Pathogenic Avian Influenza 
(HPAI) control. We conducted an evaluation participatory epidemiology (PE) and PDS capacity building 
outcomes by examining PDS as a surveillance tool for national animal disease surveillance. The evaluation 
framework pillars (relevance, effectiveness, efficiency, sustainability and impact) were developed from over 
30 indicators adapted from established animal and public health surveillance criteria together with additional 
measures of sustainability and participation. Data were collected from 120 individuals by workshops, 
questionnaires and semi-structured interviews in Benin, Nigeria, Pakistan, Tanzania, Togo and Uganda. 
PDS results were consistent with other data for absence of disease but the absence of detected cases and a 
dearth of epidemiological and surveillance data prevented quantification of some indicators. In contexts of 
limited epidemiological capacity, PDS was considered a useful epidemiological tool, most appropriate for 
small-scale farmers and applied in complement to conventional surveillance. PDS generated large amounts 
of unanalyzed data which were incompatible with conventional databases. The approach did not alter the 
one-way information flow characteristic of surveillance systems. PE skills continued to be used by some 
individual practitioners but PDS sustainability was compromised by dependence on external funding, the 
lack of legal frameworks and failure to integrate into national surveillance systems. In extracting surveillance 
information from communities, PDS was inconsistent with empowerment and ownership espoused by 
participatory learning and action approaches. Stakeholders had a positive attitude towards PDS despite the 
limited evidence for impact or cost effectiveness.

Assessing agreement between diagnostic methods: an example of coccidia oocysts counting techniques 
in broiler flocks
Veldhuis, A., Peek, H. and Swart, W., GD Animal Health Service, Netherlands; a.veldhuis@gddeventer.com

To be able to decide whether an alternative diagnostic test can replace an existing one, a reliable measure 
of agreement between test results is needed, in particular when no reference is present. In this study, results 
obtained of an oocyst counting technique (a modification of the standard McMaster technique) and of a 
recently developed qPCR are compared. The purpose was to assess whether agreement between both tests 
is sufficient to replace the conventional method by the new. Both methods are applied on faecal samples to 
measure the level of parasitic infection pressure in broiler flocks, expressed on a continuous scale (oocysts/
gram faeces). Pooled faecal samples of 10 flocks, from 4 farms, were repeatedly collected and tested with 
both tests between d7 and d40 of the production cycle. It is generally accepted that Pearson’s correlation 
coefficient is not suitable to quantify agreement between continuous results of diagnostic methods, as 
it ignores systematic error (bias). Various alternative methods exist, such as Cohen’s kappa for ordered 
categories and the intraclass correlation coefficient. It was decided to apply the concordance coefficient of 
correlation (CCC). This method takes into account both precision and bias of test results, by measuring the 
variation of their linear relationship from the line of perfect agreement through the origin. This resulted 
in a CCC of 0.751 (95% CI 0.719-0.783), based on Pearson’s r of 0.755 (precision parameter) and a bias 
correction factor of 0.994 (accuracy parameter). Although this outcome seems fairly low at first sight, 
interpretation of the CCC greatly depends on the purpose of comparison and the desired agreement. For 
example, a high level of agreement is needed in particular when false results have large consequences. In 
this study, the new test is developed for routine monitoring purposes and the CCC could be considered 
sufficiently high. The considerations to use the CCC in relation to the characteristics of the data will be 
discussed.
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Use of dna sequencing and phylogenetic analysis to investigate a bovine rabies outbreak in Minas 
Gerais Brazil
Garcia, A.1, Peixoto, H.1, Silva, S.1, Brandão, P.1, Cunha, E.2, Alves, A.1, Braga, G.1, Gregori, F.1 and 
Richtzenhain, L.1, 1Faculty of Veterinary Medicine and Husbandry, Sao Paulo University, Preventive 
Veterinary Medicine and Animal Health, Brazil, 2Instituto Biologico de São Paulo, Rabies and viral 
encephalitis laboratory, Brazil; anajulia@vps.fmvz.usp.br

Bovine rabies in Brazil is transmitted by hematofagous bat (Desmodus rotundus). Since the first report, 
in 1900, many aspects about rabies epidemiology have been elucidated by DNA sequencing, genetic and 
phylogenetic analysis. Most recent epizootics affecting livestock took place in Sao Paulo state between years 
1997-2002 with possible expansion to neighbor areas of Minas Gerais. There is scarce information about 
genetic diversity of rabies virus isolates in this state. Considering background, present work is intended 
to analyze potential epidemiological connections among 22 bovine rabies cases in 12 municipalities of 
Minas Gerais (during 2000 to 2009) and Sao Paulo´s epidemics to contribute to current surveillance rabies 
program. RNA extraction, reverse transcription, PCR and sequencing reaction were performed according 
to Sato et al. 2004. For genetic analysis a phylogenetic tree was constructed based on of rabies virus 
glycoprotein segment of 540 nucleotides using Neighbor-joining method with software – MEGA, fixing 
Kimura 2 parameters evolution model with a bootstrap level of 1000 replications. Results suggest that the 
same viral sublineage is involved in Sao Paulo epizootics and Minas Gerais cases. Although genetic distance 
is subtle among Brazilians isolates it is possible to observe that bovine rabies virus in the border region of 
the aforementioned states are distinguishable from the rest of the country. Vaccination is recommended for 
livestock concomitantly with mapping of bat shelters and reinforcement of control D. rotundus population.

The influence of uncertain knowledge about the true classification of evaluation samples on the 
characterization of imperfect diagnostic tests
Fröhlich, A., Friedrich-Loeffler-Institut, Institute of Epidemiology, Germany; andreas.froehlich@fli.bund.de

Epidemiological parameters are often determined by stochastic models, whereby it is assumed, that the 
measured values used in the model correspond exactly to the true situation. In practice, this assumption 
is not always fulfilled, especially, if complex diagnostic methods are used for producing large numbers of 
measured values. Uncertainties and errors in results of diagnostic techniques must be quantified and have to 
be considered in the above-mentioned models. To this end, it is necessary to characterize the diagnostic test 
methods in respect to their corresponding error rates. Sensitivity and specificity are established parameters 
that allow as probability values the required theoretical characterization of diagnostic tests. In principle, 
both parameters do not depend on each other, as they are defined for non-infected and disjoint infected 
sub-populations. However, the practical determination of sensitivity and specificity of diagnostic tests is 
often associated with the following problem: The required prior knowledge of the elements membership 
in evaluation samples used for test evaluation in non-infected or infected is uncertain for certain diseases. 
As a consequence of the diagnostic results obtained by evaluation samples implies, that the estimation of 
both sensitivity and specificity is not independent. General Task: to find a solution for estimating sensitivity 
and specificity in a situation where samples used for diagnostic test evaluation cannot unambiguously be 
attributed to non-infected or infected populations. The correlation between the two characterizing parameters 
is shown in an example which investigates the impact of the uncertainty in the classification of evaluation 
samples on estimating the test parameters sensitivity and specificity.
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Mycobacterium bovis in slaughtered swine: the public health implication for Mubende district of 
Uganda
Muwonge, A.1, Johansen, T.B.2, Malama, S.1, Edvardsen, V.2, Sigrun, N.2, Godfroid, J.1, Popeka, F.O.1,3, 
Skjerve, E.1 and Djønne, B.2, 1Norwegian School of Veterinary Science, Department of Food Safety and 
Infection Biology, Norway, 2Norwegian Veterinary Institute, Bacteriology, Norway, 3Colorado State 
University Fort Collins, 4Department of Clinical Sciences College of Veterinary Medicine and Biomedical 
Sciences, USA; adrian.muwonge@nvh.no

Tuberculosis caused by Mycobacterium bovis is a persistent but evolving complex problem whose eradication 
has eluded some of the least and most developed countries in the world. In most developing countries, 
animal TB is endemic but with little available information on the relationship between M. bovis infection 
in animals and the disease in humans. Given that the transmission route or pattern from swine to human 
is unclear, this is a cause for concern in predominantly pork eating populations especially those infected 
with HIV/AIDS. Mubende is a district in central Uganda with an HIV/AIDS prevalence of 18% and home 
one of the highest free range reared pig populations. Therefore this study was aimed at establishing the 
prevalence of M. bovis among slaughtered pigs in this district, furthermore, to establish the potential risk 
to the human population. Out of the one hundred and fifty pigs sampled from the slaughtered population, 
Only three (2%) were found to have M. bovis in mesenteric lymph nodes after mycobacteriology. Further 
molecular analysis revealed that the isolates belonged to spoligotype SBX and lineage Y. The parallel 
survey conducted at Mubende hospital on suspected TB patients to establish the potential risk revealed that 
213/344 (62%) of the interviewed patients consumed pork, furthermore, 72% and 75% of pork consumers 
were young and HIV positive while. 45% of the interviewed reared pigs as livestock and 21% of these 
used pig fecal material as garden manure. M. bovis was isolated for the first time from slaughtered pigs in 
Uganda. This is of public health concern in this predominantly pork eating populations especially among 
the HIV/AIDS infected individuals.

DNA fingerprinting of ten different dermatophyte species using short single primer
El-Enbaawy, M.1, Soliman, M.2 and Ata, N.2, 1Faculty of Veterinary Medicine, Cairo Univeristy, Departmentof 
Microbiology, Egypt, 2National Research Center, Departmentof Microbiology and Immunology, Egypt; 
nagwaata@yahoo.com

Dermatophytes are a group of closely related keratinophilic fungi that can invade keratinized human and 
animal tissues such as skin, hair and nail causing dermatophytosis. Superficial mycoses due to dermatophyte 
fungi had been among the most common communicable diseases in the population so it became crucial to 
identify these fungi to enable appropriate diagnosis and treatment.Conventional methods used to identify 
dermatophytes are often lengthy and may be inconclusive because of atypical microscopic or colonial 
morphology.One step PCR-based approach employing the simple repetitive oligonucleotide (CAGA)4 was 
used in this study as a single primer for identification of dermatophyte species. This primer managed to 
produce species specific profile to ten different dermatophyte species.
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Molecular diversity of non-structural protein coding genes of infectious bronchitis virus Brazilian 
strains
Ayres, G.R.R.1,2, Torres, C.A.1,2, Villarreal, L.Y.1,3, Silva, S.O.S.2, Ricthzenhain, L.J.2 and Brandão, P.E.1,2, 
1Coronavirus Research Group, University of São Paulo (USP), Brazil, 2Animal Science College – University 
of São Paulo (FMVZ-USP), Preventive Veterinary Medicine and Animal Health (VPS), Brazil, 3MSD, 
Poultry Division, Brazil; giselleayres@gmail.com

In Brazil, despite of the wide use of vaccines, infectious bronchitis virus (IBV) is endemic, due to continuous 
emergence and spread of new viral types. Molecular studies on the structural proteins S (spike) and N 
(nucleoprotein) have been used for monitoring emergent IBV strains. However, most of the IBV genome 
codes for non-structural proteins, and hitherto these targets have been poorly explored regarding the diversity 
of IBV lineages. Thus the aim of this study was to investigate the diversity of papain-like protease (PLpro) 
and non-structural protein 2 (nsp2) coding genes of Brazilian IBV strains. Thereunto, a RT-PCR targeting 
PLpro (470 bp) and nsp2 genes (750 bp) were performed in 12 IBV strains isolated in embryoneated eggs. 
Obtained amplicons were sequenced and submitted to distance analysis, with homologous sequences, from 
GeneBank. One of the studied strains (sample C) showed a concordant segregation pattern for both targets, 
grouping with other worldwide IBV strains and with another one Brazilian strain, regarding Plpro gene. 
The remaining isolates showed a Brazilian-specific cluster for both PLpro and nsp2. Interestingly, S gene 
analysis previously performed showed that sample C fits to Brazilian genotype/serotype IBV lineage, what 
may indicate a recombination phenomenon. Found results help to understand IBV evolution patterns and 
contribute to unveil IBV molecular epidemiology based on poorly explored genome regions.

Adult infection of dairy cattle with Mycobacterium avium subspecies paratuberculosis
Mitchell, R.M.1, Pradhan, A.K.1,2, Knupfer, E.3, Dieguez, J.1,4, Kramer, A.3, Fyock, T.5, Whitlock, R.H.5 
and Schukken, Y.H.1, 1Cornell University, USA, 2University of Maryland College Park, USA, 3Utrecht 
University, Netherlands, 4Universidade de Santiago de Compostela, Spain, 5University of Pennsylvania, 
USA; rmm37@cornell.edu

Mycobacterium avium subspecies paratuberculosis (MAP), which causes chronic granulomatous enteritis 
in ruminants, conventionally is believed to infect predominantly young cattle. However, the assumption that 
adult cattle are resistant to either infection or progression to detectable shedding has not previously been 
challenged due to insufficient animal exposure data. In this study, we evaluate the relationship between 
tissue-infection and fecal shedding of specific MAP strains as adults with exposure to high shedding animals 
in the adult herd. As part of the Regional Dairy Quality Management Alliance study, all adult animals on a 
farm were tested for MAP via fecal culture semiannually and a subset were tested via tissue culture. Positive 
samples were strain typed using a short-sequence repeat method. For low-shedding animals, probability of 
fecal shedding or being tissue positive at slaughter was evaluated with respect to time spent in the same pen 
as current same-strain high-shedders via logistic regression. For the dominant on-farm MAP strain, time 
exposed to a high shedder as an adult increased risk of becoming tissue positive or becoming a fecal shedder. 
Time spent unexposed and total lifespan were not associated with probability of being tissue positive or fecal 
shedding at any sampling point. For other strains which had supershedders present, there was no association 
between exposure and tissue or fecal-culture status. Some but not all MAP strains appear to cause not only 
infection but shedding among adult animals which are exposed. On this farm, the dominant strain seemed 
capable of causing infection which could lead to infectious adult animals, thus creating a second potentially 
important transmission cycle that is not managed by standard control programs.

Poster topic 10 Poster 5

Poster topic 10 Poster 4



452 ISVEE – Book of Abstracts 2012

Molecular epidemiology: a tool for source attribution investigation of Escherichia coli O157:H7 
infections in New Zealand
Jaros, P., Cookson, A., Prattley, D., Besser, T., Jung, W., Campbell, D., Hathaway, S. and French, N.,; 
P.Jaros@massey.ac.nz

Since the first case of Escherichia coli O157:H7 was detected in New Zealand (NZ) in 1993, the number 
of Shiga toxin-producing E. coli (STEC) notifications per year has increased steadily. Cattle are considered 
as a source of infection for both environmental and foodborne outbreaks of STEC in humans. As part of a 
source attribution investigation, E. coli O157:H7 isolates were obtained from the national Enteric Reference 
Laboratory and compared to bovine E. coli O157:H7 isolates from faecal samples collected from very young 
calves and adult cattle at four slaughter plants. A total of 28 bovine and 209 human isolates, originating 
from the North and South Islands of NZ, were screened for the presence of virulence genes characteristic of 
STEC, and genotyped using pulsed-field gel electrophoresis (PFGE), stx-encoding bacteriophage insertion 
(SBI) and single nucleotide polymorphisms (SNP) typing. The genotypic analysis of bovine isolates revealed 
three distinct PFGE profiles, each represented by a specific SBI type (1, 3, and 5). A distinct between-Island 
prevalence distribution of SBI types was observed among bovine and human isolates (P=0.001). SBI type 
5 (SNP IVa) accounted for 21% of the studied human isolates. Internationally, this genotype has been 
reported only rarely in association with STEC infections in humans and is therefore of particular interest. 
Findings of this molecular study provide evidence for historical introduction of O157 strains into NZ and 
localised transmission between cattle and humans. A prospective case-control study is underway currently 
to investigate source attribution risks and possible exposure pathways for human cases of STEC in NZ.

Phylogenetic analysis of rabies virus glycoprotein of herbivorous isolateds from north Brazil
Peixoto, H.1, Garcia, A.1, Silva, S.1, Ramos, O.2, Silva, L.2, Brandão, P.1, Richtzenhain, L.1 and Silva E 
Alves, A.J.1, 1Faculty of Veterinary Medicine and Husbandry, Sao Paulo University, Preventive Veterinary 
Medicine and Animal Health, Brazil, 2Agropecuary National Laboratory, LANAGRO, Brazil; 
anajulia@vps.fmvz.usp.br

Rabies is an acute viral encephalitis that can infect all warm-blooded animals. This disease has a worlwide 
distribution and causes important economic losses to livestock. Analysis of the gene G may improve 
the understanding of the epidemiology and prevention measures of rabies in South America. The aim 
of this study was to characterize genetically isolated samples from North Brazil based on glycoprotein 
gene. Rabies virus from cattle (5), equine (3) and buffalo (1), obtained between 2006 and 2008, from 
Para (4), Rondonia (2) and Tocantins (3) States were investigated. A RT-PCR targeting a glycoprotein-
coding gene (914 nucleotides) were performed. Obtained amplicons were sequenced for genetic analysis. 
Phylogenetic analysis suggests presence of five main subclusters. Subcluster I, composed of one samples 
from Tocantins which are related to isolates of Desmodus rotundus and Diphilla ecaudata from São Miguel 
Tapuio Piauí. Subcluster II, the samples from Tocantins which are related to isolates of D. rotundus from 
Goiás State. Subcluster III, composed for one isolate from southeastern region of Pará related to one isolated 
from Colina (Tocantins). Subcluster IV composed of isolated from Rondonia and one sample from Ipora 
(Goiania). Subcluster V, grouping samples from Northeast Pará related to human rabies cases occurred in 
Maranhão, showing circulation of rabies virus among hematophagous bats, livestock and humans in this 
region. Evidence of genetic proximity of isolates from different geographic areas should be interpreted 
taking in consideration livestock migration attending to food availability and consequent bat migration to 
more favorable conditions. Chiropterans have high mobility, hematophagous bats visit neighbor colonies, 
promoting rabies dissemination among livestock, humans and other bat species.
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Molecular epidemiology to study paratuberculosis transmission at the bighorn sheep-cattle interface
Orsel, K.1, Forde, T.1, De Buck, J.1, Ruckstuhl, K.2, Hale, G.3, Pybus, M.3, Barkema, H.W.1 and Kutz, 
S.1, 1University of Calgary, Faculty of Veterinary Medicine, Canada, 2University of Calgary, Faculty of 
Biological Sciences, Canada, 3Alberta Sustainable Resource Development, Government of Alberta, Canada; 
karin.orsel@ucalgary.ca

Introduction: The role that wildlife may play in the transmission of Mycobacterium avium subspecies 
paratuberculosis (MAP) in the ecosystem, and the potential consequences of infection in these wildlife 
populations are being given increasing consideration. Southwestern Alberta has a high density of cow-calf 
ranches where cows often share the pastures with various wildlife. In this area, an emaciated yearling Rocky 
Mountain bighorn sheep was found in 2009. Clinical signs, as well as histological findings consistent with 
described cases of Johne’s disease were found. Tissue and fecal samples were proven to be MAP culture 
positive. In a follow-up herd level survey, three of 44 (7%) fecal samples from individual bighorn sheep 
from the same region as the index case tested positive by culture and polymerase chain reaction (PCR) 
and were identified as Type II MAP strains by MAP1506 gene sequencing. Twenty-five samples collected 
from a geographically distinct population were all negative. From 3 sheep, we identified MAP strains with 
7 repeats at G1, and 4 at GGT. The fourth strain showed 10 repeats at locus G1 whereas all strains differed 
for number of repeats on locus G2. Conclusion: Strain typing through sequencing of three discriminatory 
short sequence repeat (SSR) regions has proven its potential as 4 different genotypes in the bighorn sheep 
population were identified. Discussion: We will present an additional study design to gain understanding 
of pathogen transmission in the ecosystem shared by bighorn sheep and cattle, using social network 
analysis through behavioral observations and GPS location and molecular epidemiology. With a better 
understanding of potential spread of disease, these results will aid in decision-making for both cattle and 
wildlife management actions for disease control strategies.

Identifying co-infections of Mycobacterium avium subspecies paratuberculosis
Favila-Humara, L.1,2, Mitchell, R.M.1, Pradhan, A.K.1,3, Knupfer, E.4, Fyock, T.5, Whitlock, R.H.5 and 
Schukken, Y.H.1, 1Cornell University, USA, 2INIFAP, Mexico, 3University of Maryland College Park, USA, 
4Utrecht University, Netherlands, 5University of Pennsylvania, USA; rmm37@cornell.edu

Mycobacterium avium paratuberculosis (MAP) causes chronic wasting of domestic and wild ruminants. 
Animals are assumed to acquire infection once, despite high lifelong infection pressure. The aim of this 
study was to evaluate the utility of single genome analysis (SGA) for the detection of multiple strains that 
coexist in clinical samples and thereby in animals. The methodology of SGA was standardized using MAP 
isolates from bovine fecal samples previously considered to include at least two different strains evidenced 
as overlaps in short sequence repeat loci used for strain typing. Control isolates were selected from animals 
that had consistent lifelong MLSSR profiles. DNA was extracted, diluted and used as template for PCR 
amplification using specific primers for each of 5 short sequence repeat of interest. Dilutions were titrated 
to allow an average of one genomic template copy per amplicon generated. Amplicons were purified, 
sequenced and analyzed with the SeqMan software. The isolates identified as mixed by short sequence 
repeat typing each two distinct strains (15-50% of replicates representing the minor bacterial strain). SGA 
also detected low prevalence point mutations which had not been detected by bulk typing methods. SGA 
allows the detection and molecular characterization of the different strains that coexist in some MAP isolates 
evidenced by different repeat profiles and point mutations, even if these are present as minor strain types 
in a host. With the predominance of liquid culture techniques and the poor growth of many MAP strains on 
solid media, SGA allows determination of whether animals carry multiple concurrent infections. Given the 
highly contaminated environment around dairy animals and the methods available to identify MAP strains, 
models of transmission dynamics need to consider the effect of co-infections on dynamics.
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On the molecular analysis of Giardia duodenalis Brazilian isolates
Martins, J.A., Malheiros, A.F., Jensen, J.R., Silva, S.O.S., Ayres, G.R.R. and Soares, R.M., Animal Science 
College – University of São Paulo (FMVZ-USP), Preventive Veterinary Medicine and Animal Health (VPS), 
Brazil; julianamartins@usp.br

Giardia duodenalis (syn: G. Intestinalis; G. lamblia) is an enteric protozoan that causes giardiasis in humans 
and in a wide range of domestic and wild animals. Studies based on genetic analyses have been showing 
that G. duodenalis can be assigned in eight different Assemblages (A to H) in which only the Assemblages 
A and B have been considered potentially zoonotic. In the present study thirty stool samples from human 
origin were amplified using two genes, glutamate dehydrogenase (gdh) and beta-giardin (bg), and then 
characterized by sequencing. Assemblages A and B was detected in twelve and thirteen samples respectively 
by both locus. Five samples had different identities, three isolated belonged to Assemblage A by gdh analysis 
were characterized as Assemblage B after using bg gene. The inverse situation was observed in the other 
two isolates. Heterogeneous sequences, characterized by presence of double nucleotides peaks in specific 
position in chromatogram, was observed in seven samples belonged to Assemblage A and in eight samples 
classified as Assemblage B, by gdh gene analysis. This situation was not found in none of the thirty samples 
analyzed by bg gene. The found results can be explained by true mixed infection or genetic recombination, 
highlighting the importance of careful analysis of G. duodenalis obtained chromatograms and analysis 
multilocus. Moreover the present findings bring out the importance of developing new methodologies to 
discern recombination evens from co infection.

An investigation of possible sources of human campylobacteriosis in Lithuania
Ramonaitė, S.1, Kudirkienė, E.1, Ružauskas, M.2, Zaborskienė, G.1, Tamulevičienė, E.3, Malakauskas, A.4 
and Malakauskas, M.1, 1Lituanian University of Health Sciences, Department of Food safety and Quality, 
Lithuania, 2Lituanian University of Health Sciences, Veterinary Institute, Lithuania, 3Lithuanian University 
of Health Sciences, Clinic of Children Diseases, Lithuania, 4Lituanian University of Health Sciences, 
Department of Infectious Diseases, Lithuania; a.malakauskas@lva.lt

Poultry products are well recognized sources of human campylobacteriosis, however there is increasing 
evidence that wild birds and environmental water may contribute to the burden of illness as well. The 
occurrence of Campylobacter spp. in raw broiler meat is regularly monitored in Lithuania, however an 
incidence of this bacterium in other sources was not yet reported. To obtain more knowledge on possible 
sources of human campylobacteriosis the occurrence of Campylobacter spp. in environmental water 
samples, wild birds, pets, pork, beef, milk and broiler meat was investigated. Samples were collected twice 
a month from October of 2011 till January of 2012. Unexpectedly campylobacters were isolated from 
water samples from swimming places more often (64%) in comparison to broiler meat samples (52%). 
Interestingly, broiler marinated products were also frequently (35%) contaminated with these bacteria. 
We also showed that wild crows and pigeons may serve as important reservoir of Campylobacter spp. 
(35% positive samples) as fresh feces were collected in the parks and other public places in town. Samples 
of raw milk and pet feces were contaminated much rare, 13.6% and 6.5% of samples respectively. No 
campylobacters were found in fresh pork and beef meat samples including marinated products. Based on 
results we speculate that as well as broilers, environmental water and feces of wild birds may pose high 
risk for human infection with campylobacters in Lithuania as well. In progress MLST typing of selected 
Campylobacter spp. strains from various sources including humans will enable us to quantify the number 
of human cases attributable to each of the source examined.
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Approaches for attributing human cases of brucellosis to animal sources in Kenya
De Glanville, W.A.1,2, Neubauer, H.3, Bronsvoort, M.B.4, Melzer, F.3, Kariuki, S.5 and Fevre, E.M.1,2, 
1International Livestock Research Institute, Kenya, 2Centre for Immunity, Infection and Evolution, University 
of Edinburgh, United Kingdom, 3Friedrich Loeffler Institute, Germany, 4Roslin Institute, University of 
Edinburgh, United Kingdom, 5Centre for Microbiology Research, Kenya Medical Research Institute, Kenya; 
w.a.de-glanville@sms.ed.ac.uk

This poster outlines the design and initial results of a collaborative molecular epidemiological study currently 
underway in western Kenya. The study is investigating the importance of a range animal production systems 
as reservoirs of human brucellosis in an endemic area. We are employing recently developed multi-locus 
VNTR molecular techniques, as well as a range of epidemiological tools, to perform source attribution for 
this neglected zoonotic disease. Data collection involves parallel surveys in animals and people. A range of 
livestock species, including cattle, goats, and pigs, are sampled from a random selection of farms and tested 
for brucellosis using a series of serological tests. Additional surveillance for brucellosis is achieved through 
central point sampling, milk screening and slaughterhouse sampling. At the same time, and in the same 
geographic area, patients presenting to the outpatients clinic of a selection of hospitals and health centres 
with symptoms suggestive of brucellosis are screened for the disease. Biological material from seropositive 
animals and people is subjected to PCR, culture and molecular typing of any Brucella spp. isolated. We 
explore clustering of Brucella strain types within livestock species, production systems and geographic 
areas. Source attribution is explored through the use of genetic assignment and risk-based models, which 
integrate molecular and epidemiological data collected from brucellosis cases. Through the identification 
of the most important livestock reservoirs for zoonotic brucellosis, this study provides novel information 
for the design and implementation of targeted control strategies for the disease in western Kenya.

Molecular epidemiology of coronavirus in quails raised near to laying hens
Torres, C.A.1, Ayres, G.R.R.1, Villarreal, L.Y.B.1,2, Favero, C.M.1, Hora, A.S.1, Richtzenhain, L.J.1 and 
Brandão, P.E.1, 1Animal Science College – University of São Paulo (FMVZ-USP), Preventive Veterinary 
Medicine and Animal Health (VPS), Brazil, 2MSD, Poultry Division, Brazil; giselleayres@gmail.com

Although coronavirus has already been detected in quails in Brazil and other countries, knowledge on 
molecular characterization and epidemiology of this virus in the referred host is poorly known. In Brazil, 
quails flocks are frequently raised in laying hens properties. Thus, the aim of the present study was to detect 
coronavirus occurrence in quails raised in laying hens properties, and perform molecular characterization 
of the detected virus. To this end, pools of lungs, trachea, female reproductive tracts, kidneys and enteric 
contents were collected from quails flocks co-housed with laying hens, showing IB-like symptoms. Samples 
were screened for IBV with a RT-PCR to the 3’UTR and positive samples were also submitted to a RT-PCR 
targeting RNA-dependent RNA-polymerase (RdRp) and a typing-multiplex one. Amplicons of 3’UTR and 
RdRp genes were sequenced and submitted to distance analysis, with homologous sequences obtained from 
GeneBank. All avian coronavirus found were classified as variants by multiplex RT-PCR. Based on the 
DNA sequences for RdRp and 3’UTR regions its possible to conclude that avian coronavirus detected in 
quails are closely related to avian infectious bronchitis virus. Therefore, it is possible to speculate that quails 
co-housed with laying hens may be important in avian coronaviruses epidemiology and might interfere on 
gammacoronaviruses evolution.
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Zoonotic Giardia intestinalis assemblages detected in indigenous Tapirapé tribe from Brazilian 
Amazon
Malheiros, A.F.1,2, Martins, J.A.3, Silva, S.O.S.3, Prado, C.O.3, Barros, I.N.3, Santos, S.3, Ayres, G.R.R.3, 
Braga, G.B.3, Soares, R.M.3 and Shaw, J.J.2, 1Natural and Technologycal Sciences, Mato Grosso State 
University, Biology Department, Brazil, 2Sciences Biomedical, University of São Paulo, Parasitology 
Department, Brazil, 3Animal Science College, University of São Paulo, Preventive Veterinary Medicine 
and Animal Health, Brazil

The indigenous Tapirapé community, located in Brazilian Amazon, has a history of gastrointestinal problems 
associated with diarrhea. Data on the occurrence of intestinal parasites in indigenous populations are scarce, 
however, the present study aimed to determine the participation of Giardia duodenalis in role of acute and 
chronic gastroenteritis in the present population. G. duodenalis has been considered potentially zoonotic 
(Assemblages A and B) and is a significant cause of diarrhea in human and in a wide range of domestic 
and wild animals. A total of 737 stool samples were obtained and in 102 was possible to identified G. 
intestinalis by conventional flotation method. DNA was amplified targeting glutamate dehydrogenase (gdh) 
and beta-giardin (bg) coding genes. Amplicons were sequenced and submitted to distance analysis. A total 
of 47 isolates were sequenced of which 11 isolates clustered in Assemblage A and 36 were classified as 
Assemblage B. On gdh gene, obtained sequences showed similarity to findings observed in fecal samples 
from cats in Brazil, whereas Assemblage B classified Indian samples were similar to those found in dog 
feces from Canada. Assemblages A and B has already been characterized as zoonotic genotypes of G. 
intestinalis, thus, the found results may lead to consider a zoonotic chain of transmission for this protozoan 
in Tapirapé tribe, Brazilian Amazon.

The molecular epidemiology of Blastocystis spp. in members of the indigenous Tapirapé tribe, Mato 
Grosso state, Brazil: an possibility potencial zoonotic
Malheiros, A.F.1,2, Clark, C.G.3, Stensvold, C.R.4, Braga, G.B.5, Martins, J.A.5, Ayres, G.R.R.5 and Shaw, 
J.J.2, 1Natural and Technological Sciences, Mato Grosso State University, Biology Department, Brazil, 
2Sciences Biomedical, University of São Paulo, Parasitology Department, Brazil, 3London School of 
Hygiene and Tropical Medicine, Department of Infectious and Tropical Diseases, United Kingdom, 4Statens 
Serum Institute, Department of Bacteriology, Mycology and Parasitology, Denmark, 5Animal Science 
College, University of São Paulo, Preventive Medicine and Animal Health Department, Brazil

Blastocystis is the most common eukaryotic organism reported in human and wildlife and domestic 
animals fecal samples and numerous epidemiological surveys carried out in different countries. However, 
Blastocystis was identified in stool samples during a survey of the intestinal parasites of members of the 
Tapirapé tribe, who live in the Mato Grosso State in the Brazilian Amazon region. Faecal samples were 
preserved in ethanol and characterized using Blastocystis-specific primers targeting the SSU rRNA gene. 
The prevalence of this parasite in 378 stools was 21%. Three subtypes were identified (subtype 1, subtype 
2 and subtype 3). ST1 was the commonest subtype and was found in 27 individuals (41%), followed by 
subtype ST2 found in 21 individuals (32%) and ST3 in 11 individuals (17%). Five mixed infection of ST1 
and ST2 was identified (7%), one single mixed infection of ST1 and ST3 and another mixed infection of 
ST2 and ST3. The relative proportion of the different subtypes is different from that seen in Europe and 
North America where ST3 is the commonest subtype. The ST1, ST2 and ST3 are common in both animals 
and human. Also ST4 which occurs in the above mentioned regions was not found. Our studies are the first 
molecular characterizations of Blastocystis spp. in Brazil and in Indian communities from Latin American 
and showed zoonotic potential important to the parasite. (Financial Support: CNPq, DECIT, FAPEMAT, 
FUNASA).
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Molecular epidemiology of rabies virus in Bhutan
Tenzin, T.1,2, Wacharapluesadee, S.3, Denduangboripant, J.4, Dhand, N.2, Dorji, R.1,5, Tshering, D.5, Rinzin, 
K.5, Raika, V.5, Dahal, N.5 and Ward, M.2, 1Regional Livestock Development Centre, Wangdue, Bhutan, 
2Faculty of Veterinary Science, University of Sydney, Australia, 3WHO Collaborating Centre for Research 
& Training on Viral Zoonoses, Chulalongkorn University, Thailand, 4Department of Biology, Chulalongkorn 
University, Thailand, 5National Centre for Animal Health, Serbithang, Bhutan; tenzin.tenzin@yahoo.co.uk

The objective of this study was to understand the rabies virus strains circulating in domestic dog population 
in southern Bhutan. Twenty-three rabies virus isolates originating from dogs and other domestic animals 
were characterized by sequencing the partial nucleoprotein (N) gene (395 bp). Phylogenetic analysis was 
conducted and the Bhutanese isolates were compared with rabies viruses originating from other parts of 
the world. Bhutanese rabies virus isolates were found to be highly similar and did not form any distinct 
sub-groups, suggesting this viral group originated from a common ancestor. Phylogenetic study indicate 
that Bhutanese rabies strains were closely related to Indian strains and the Arctic-like-1 lineage circulating 
in South Asia and could be grouped together as a large cluster of South Asian Arctic-like-1 lineage. The 
translocation or trans-border movement of dogs along the border may have facilitated the spread of this 
rabies virus variant between the two countries.

PFGE characterization of Salmonella enterica isolates from pigs at slaughter in Italy
Carra, E.1, Bonardi, S.2, Marazzotta, E.1, Bruini, I.2, D’incau, M.1, Bacci, C.2, Barco, L.3 and Pongolini, 
S.1, 1Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna (IZSLER), Italy, 2Faculty 
of Veterinary Medicine, University of Parma, Department of Animal Health, Italy, 3Istituto Zooprofilattico 
Sperimentale delle Venezie (IZSVE), OIE, National Reference Laboratory for Salmonella, Italy; 
elena.carra@izsler.it

In 2005-2008, 1,152 samples (451 faecal samples, 451 carcass swabs and 250 tonsils) were collected from 
451 finishing pigs at slaughter in Northern Italy. S. enterica was isolated from 21.5% of faecal samples, 
10.9% of the carcasses and 10.4% of the tonsils. Seventeen different serotypes were identified among 
155 S. enterica isolates genotyped by PFGE (Pulsed-field gel-electrophoresis) method. The prevalent 
serotypes were Derby (42), Rissen (12.3%), S. enterica 4,[5],12:1:- (10.3%), Typhimurium (7.1%), London 
(4.5%) and Give (3.9%). The aim of this study was to investigate the genetic variability among prevalent 
serotypes of S. enterica genotyped by XbaI-PFGE according to standard protocols. Among serotypes 
Derby and Typhimurium we observed the highest variability with 6 main profiles per serotype. S. Derby 
was the predominant serotype in faecal samples, carcasses and tonsils, followed by S. Rissen on carcasses 
and in tonsils. PFGE typing was also useful to investigate self-contamination and cross-contamination of 
pig carcasses. Salmonella-positive carcasses were evaluated for positivity in tonsils and intestine. Only 
in few cases pharyngeal carries had the same Salmonella serotype on their carcasses showing identical 
PFGE profiles. Similar results were obtained for positive carcasses of intestinal carriers. In addition our 
data indicated that serotypes and PFGE profiles were diverse within a single slaughtering day with some 
exceptions that suggest the likely occurrence of cross-contaminations.
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Global animal diseases surveillance initiative
Njeumi, F.1, Claes, F.1, Dauphin, G.1 and Diallo, A.2, 1Food and Agriculture Organization of the United 
Nations, Animal Production and Health Division, Italy, 2International Atomic Energy Agency, Anmal 
Production Unit, Austria; felix.njeumi@fao.org

During the rinderpest eradication period, FAO and partners supported the implementation of disease 
management campaigns, the establishment of epidemio-surveillance and laboratory networks as well as the 
collection of sera from rinderpest susceptible species that lead to the eradication. It elimination significantly 
contributed to improving the livelihoods and food security of almost a billion people. During the 37th 
FAO Conference (2011), the resolution declaring global freedom from rinderpest was endorsed by all 192 
members countries. One of the recommendations of this resolution ‘encourages FAO to take full advantage 
of the rinderpest eradication achievement and apply the lessons learned to prevent and control other diseases 
impacting food security, public health, the sustainability of agriculture systems and rural development’. In 
line with this recommendation, the overall objective of the global animal diseases surveillance initiative 
is to contribute to the global animal health security through strengthen epidemio-surveillance systems and 
establishing sera/tissue banks, using the findings of the tested samples to formulate, monitor and evaluate 
disease management schemes. Lacking information on disease prevalence and impact remains a major 
impediment to improve incomes and livelihoods that accrue to livestock raisers through livestock trade. The 
initiative aimed to: (1) Promote the development/implementation of methods including quality assurance 
procedures for the design and implementation of the epidemio-surveillance system; (2) Establish a global 
sera bank and up-date it regularly; (3) Test these sera to examine the role of potential new pathogens and 
finding to be used for the formulation of diseases management strategies; (4) Improve research in epidemio-
surveillance system and response preparedness for better disease management; and (5) Implement diseases 
management schemes to sustain livestock trade.

An African swine fever virus genotype present in both the resistant bushpig (Potamochoerus larvatus) 
and adjacent domestic pig populations does not induce detectable clinical ASF symptoms
Okoth, E.A.1, Macharia, J.M.2, Omore, A.1, Pelayo, V.3, Bulimo, W.4, Arias, M.3, Kitala, P.4, Lekolol, I.5, 
Mijele, D.5 and Bishop, R.P.1, 1International Livestock Research Institute (ILRI), Kenya, 2Department of 
Veterinary Services, Ministry of livestock Development, Kenya, 3Centro de Investigación en Sanidad Animal 
(CISA-INIA), Spain, 4University of Nairobi, Kenya, 5Department of Wildlife Services, Ministry of Tourism 
and Wildlife, Kenya; e.okoth@cgiar.org

The role of the bushpig in the transmission of the African swine fever virus (ASFV) to domestic pigs 
remains little understood. We describe a study conducted in Homabay district in Western Kenya in which 
free range-low input pig management system was characterized in relation to potential risk of ASFV 
infection posed by bushpigs. A questionnaire was used to collect information from 81 randomly selected 
pig-rearing households. Blood was collected from 179 domestic pigs. Also, 8 Bushpigs were sampled from 
Ruma National Park that neighbour the same study area, 8 for blood and 1 for tissues. The samples were 
analyzed using OIE serological and nucleic acid-based prescribed diagnostic techniques. The household 
survey showed all farms practiced free range/tethering feed management. The animals exhibited inapparent 
African swine fever and farmers had not observed the disease. The PCR assay of blood based on the p72 
gene primers demonstrated 22% positivity to ASFV, but no animals were sero-positive by the OIE indirect 
ELISA. One of the 8 bushpigs sampled was PCR positive in Kidney tissue. Dendrograms based on the 
sequence of the C-terminal end of the p72 gene and the full-length p54-gene of domestic pig and bushpig 
ASFV viruses indicated that the domestic and bushpig viruses clustered together genetically. Similarly, the 
predicted amino acid sequence of the tetrameric repeats that constitute the central variable region of the 
B602L gene also exhibited a high degree of identity. These results suggest a common source of infection 
or viral transmission between the two pig species.
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Improving cost-effectiveness of cross-border routine veterinary measures
Hop, G.E., Mourits, M.C.M., Oude Lansink, A.G.J.M. and Saatkamp, H.W., Wageningen University, Business 
Economics Group, Netherlands; Geralda.Hop@wur.nl

Cross-border trade in livestock is subject to additional, costly routine veterinary measures (RVM) compared 
to domestic trade, such as veterinary checks of live and slaughter animals, and export certificates. A short-
distance transport just across the border requires many additional measures compared to a long-distance 
domestic animal transport, and the necessity of these additional measures is often questioned. In that respect, 
the key objective for veterinary policy makers is to improve the cost-effectiveness of these RVM, without 
compromising both the economic advantages of cross-border trade and veterinary risks. The aim of this 
study was to examine possibilities to lower the financial-economic impact of RVM, i.e. to improve their 
cost-effectiveness. RVM were analysed for the cross-border region of the Netherlands (NL) and Germany 
(GER) for cross-border trade in the pig, poultry and dairy sectors for the year 2010. Costs were calculated 
per region and stakeholder, and the impact on risk of contagious livestock diseases was considered. Total 
costs of RVM for the joint region NL-GER were €37.8 million/year; the additional cross-border measures 
contributed for 70% (€26.5 million/year). Of this €26.5 million, 40% resulted from trade in slaughter 
animals, i.e. mainly broilers (GER) and fattening pigs (NL). Costs for trade in live animals mainly resulted 
from trade in veal calves, laying hens (GER) and piglets (NL). Main costs were veterinary checks of 
animals (twice in case of slaughter animals), animal health tests and documentary controls. Although for 
different animal species, both NL and GER have several possibilities to improve the cost-effectiveness of 
RVM. Especially slaughter animals (dead-end hosts) encounter RVM that might be overdone in preventing 
contagious livestock diseases, e.g. veterinary checks on both sides of the border. It is therefore concluded that 
various possibilities exist to improve the cost-effectiveness of RVM which is beneficial for both countries.

Building capacities in animal health in the Caribbean: the veterinary epidemiology/para-epidemiology 
project (VEP)
Delgado, A.1, Favorjon, C.2, Lefrancois, T.2, Shaw, J.3, Gongora, V.4, Hackshaw, K.5 and Pradel, J.2, 
1IICA, Costa Rica, 2CIRADUMR CMAEE, Guadeloupe, 3USDA-APHIS-IS, US Embassy, Dominican 
Republic, 4Belize Poultry Association, Belize, 5Vet Services, Chair CaribVET, St. Vincent & Grenadines; 
amy.delgado@iica.int

Disease surveillance and control within the Caribbean has historically been difficult. The region is 
made up of over 31 countries, territories, and protectorates, with concomitant differences in language, 
culture, and historical experiences. Given the diversity of challenges the region faces in terms of disease 
introduction and spread, there is a need for longer-term, sustainable training in epidemiology, surveillance, 
and emergency response. The Veterinary Epidemiology/Para-epidemiology Project (VEP) was a four-
year, capacity-building project conducted in 9 countries in the Caribbean region: Antigua and Barbuda, 
Barbados, Dominica, Dominican Republic, Grenada, Haiti, St. Lucia, St. Kitts and Nevis, and St. Vincent 
and the Grenadines. Project participants (10) received training in 7 key domains: epidemiologic methods, 
disease surveillance, diagnostic tests and sample handling, emergency preparedness and response, data 
management, communication and coordination, and management and leadership. Both didactic and hands-on 
trainings were emphasized, and all participants were required to complete an epidemiologic study in their 
respective countries. Project participants were mentored by experienced epidemiologists in the design and 
implementation of their studies. Lessons learned were identified which contributed to the success of the 
project overall. Coordination of the technical component of the project through the regional network for 
animal health, CaribVET, ensured that the project had both national and regional relevancy. Although costly, 
the VEP brought the participants together frequently and provided opportunities to build relationships, which 
strengthened cross-border communication and collaboration in the region overall.
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The effectiveness of inactivated vaccine against foot and mouth disease
Elnekave, E., Zamir, L. and Klement, E., Hebrew University, Jerusalem, Koret School of Veterinary Medicine, 
Israel; eyal.klement@gmail.com

Inactivated foot and mouth disease (FMD) vaccines are used in many endemic and non-endemic countries 
either to prevent or to control outbreaks. In non-endemic countries, high potency vaccines are used for 
reactive vaccination (called frequently ‘emergency vaccination’) during outbreaks in order to prevent virus 
spread, while in endemic countries low potency vaccines are used for routine vaccination. Despite their 
wide use there are hardly any data on the field effectiveness of inactivated FMD vaccines. Epidemics of 
FMD occur frequently in Israel and are mostly caused by viruses of serotype O. Therefore, cattle, sheep and 
pigs vaccination is mandatory in Israel. A high potency (≥6PD50) vaccine is routinely used for both reactive 
and routine vaccination. During 2011 a large outbreak of FMD, caused by a virus of serotype O, occurred 
in Israel and affected many herds of cattle and sheep. R-value for this virus with the vaccine strain (O/
Manisa) was between 0.28 and 0.45. We investigated one of these outbreaks, which took place in a feedlot 
and an adjacent dairy herd. Comparison of morbidity and antibodies to NSP enabled the assessment of the 
effectiveness of various vaccine regimes and reactive vaccination. We have found that 96% of the calves 
that received two doses of vaccine at least three months prior to the outbreak were infected and more than 
50% showed clinical signs compatible with FMD. Heifer calves vaccinated 3-5 times, 7 months prior to 
the outbreak showed 100% infection and 18% showed clinical signs. As opposed to these groups, animals 
vaccinated as low as only once but up to two weeks before the outbreak, were almost 100% protected 
from clinical disease and to a lesser extent, protected from FMD virus infection. We conclude that reactive 
vaccination was highly effective for prevention of clinical and sub-clinical infection. Routine vaccination 
with the same vaccine provided only limited protection due to poor longevity of the immune response.

Brucellosis in West and East Timor
Scott-Orr, H.1, Geong, M.2, Do Karmo, A.3, Toribio, J.A.1 and Ward, M.1, 1University of Sydney, Faculty 
of Veterinary Science, Australia, 2East Nusa Tenggara Province, Livestock Service, Indonesia, 3Ministry 
of Agriculture, Animal Health Department, East Timor; hscottorr@gmail.com

Eastern Indonesia has grasslands ideal for breeding beef cattle for meat or breeding stock, helping to address 
food security and rural poverty in both Indonesia and East Timor. However this opportunity is constrained by 
endemic bovine brucellosis on Timor island. Brucellosis impacts profoundly on smallholder livelihoods due 
to severe reduction in reproductive efficiency of affected cows. Export of breeding cattle from Timor to other 
parts of Indonesia is banned due to brucellosis, lowering prices of Timorese cattle. Control attempts since 
the early 1990s have been hampered by disrupted veterinary services in East Timor, and variable budgets 
and policies due to regional autonomy in West (Indonesian) Timor. Eradication of the disease remains a 
distant aim. Results of a scoping study in East and West Timor from January to June 2012 will be reported. 
The study team will visit the central governments of Indonesia and East Timor, the provincial government 
of East Nusa Tenggara, five West Timor district governments and some of East Timor’s thirteen districts. 
With information on brucellosis prevalence and impacts and cattle production systems and market supply 
chains, prospects for improved brucellosis control will be assessed, and a plan for a three country (Indonesia, 
East Timor and Australia) integrated whole-of-Timor control program developed. Major issues will include 
integrated government policy and implementation at central, provincial and district levels, and improved 
cattle identification and movement control, diagnostics, and veterinary services capacity.
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Tracking progress along the joint FAO/OIE progressive control pathway for foot and mouth disease
Mclaws, M.1, Bartels, C.1, Pinto, J.2, Ferrari, G.2, Domenech, J.3, Deleeuw, P.2 and Sumption, K.1, 1EuFMD, 
Italy, 2FAO, Italy, 3OIE, France; melissa.mclaws@fao.org

The Joint FAO/OIE Progressive Control Pathway for FMD Control (PCP-FMD) was developed by FAO, 
EuFMD and OIE as a tool to assist FMD endemic countries to develop risk-based, sustainable and feasible 
strategies to progressively reduce the impact of FMD and circulation of FMD virus. The PCP-FMD consists 
of 5 Stages, and as it becomes more widely used there is a need for a procedure to identify the appropriate 
Stage for each participating country. The primary objective of the assessment is to track progress along 
the PCP-FMD globally; important secondary objectives are to provide useful feedback to the country, to 
enhance understanding about the PCP-FMD and to identify priority areas to target technical and/or financial 
support. The assessment procedure balances a number of criteria: to be consistent across diverse regions 
and situations yet acknowledge that outcomes may be achieved through a variety of means; to be evidence-
based yet user-friendly and not too arduous; and to be transparent yet respect confidentiality. A checklist 
has been developed consisting of yes-no questions that can be easily answered by one or more people 
familiar with livestock husbandry and the FMD situation in a particular country. Each Stage is defined by 
a series of Outcomes, and the assessment gauges the level of achievement for each Outcome. There are 
required and recommended achievements; in order to complete a Stage a country must fulfill all required 
elements while the recommended achievements indicate how to improve the quality or thoroughness of 
the work. This checklist will be completed in early 2012 by African and Eurasian countries in anticipation 
of a Regional Roadmap meeting, during which countries will share information in order to improve and 
coordinate FMD control and review regional progress along the PCP-FMD. In this annual meeting, each 
country will present evidence to substantiate their achievements, and results of the PCP-FMD assessments 
will be presented and discussed.

Mexico and United States binational collaboration in the prevention of transboundary animal diseases
Estrada, C., USDA, APHIS, International Services, USA; Conrad.Estrada@aphis.usda.gov

Mexico – U.S. Exotic Animal Disease Commission (EADC) was created as a binational institution that 
would help both countries control any occurrence of FMD or any other transboundary animal disease in 
Mexico. Cattle from Mexico cross the shared border between both countries. One BSL-3 laboratory in 
Mexico City, 20 other regional laboratories support the regional operations in the field. Personnel from 
the laboratory network are in constant communications with USDA animal health laboratories. In 2011, 
a collaboration effort took place in the State of Guanajuato to conduct animal disease investigations. 
Personnel from the USDA and SAGARPA worked hand by hand to visit two swine operations to collects 
samples, process them in a mobile laboratory for shipment, and then processed them in the BSL-3 laboratory 
in Mexico city. This activity helped the USDA understand better how Mexico operates in the field, and 
laboratory. Both countries have also worked together in investigations on the border, where inspection pens 
are located in both countries, but the strong relationship between both partners have made this operations 
go smoothly with great results. The USDA and SAGARPA have demonstrated that technical collaboration, 
direct communications, and trust go a long way to improve animal health systems between countries. 
Models like the EADC should be explored when initiating international collaboration efforts between border 
sharing countries, and countries that share trade routes for animals and animal products. On the high level 
decision making, authorities have an agreement that allows them to discuss possibilities to improve existing 
programs and to extend the reach of the programs over the border by having a direct safeguarding partner. 
The continuity and expansion of bilateral agreements like the EADC are vital for countries that share borders, 
have an active animal trading relationship, and share common animal health threats.
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Estimating the R0 of African swine fever
Ferreira, H.C.C.1,2, Backer, J.A.3, Loeffen, W.L.A.2 and Klinkenberg, D.1, 1Utrecht University, Faculty of 
Veterinary Medicine, Netherlands, 2Central Veterinary Institute of Wageningen UR, Virology, Netherlands, 
3Central Veterinary Institute of Wageningen UR, Epidemiology, Crisis organization and Diagnostics, 
Netherlands; helena.ferreira@wur.nl

African Swine Fever (ASF) is a highly transmissible, lethal, viral disease of swine. Controlling an ASF 
outbreak requires culling of infected herds and quarantining of affected areas, since no vaccine is available. 
The basic reproductive ratio (R0) is an indication of disease spread, providing useful information for the 
design of control strategies. To determine the R0, transmission experiments were done with two isolates 
(Malta’78 and Netherlands’86), with five inoculated pigs and five contact exposed pigs. The Malta’78 isolate 
was used in two groups, in two doses. The Netherlands’86 isolate was used in one group. The transmission 
rate was estimated using a Generalized Linear Model (binomial distribution, complementary loglog link) 
with the number of new contact infections as outcome variable, the number of susceptible as explanatory 
variable and ln(number of infectious animals*time interval/total number of animals) as offset variable. 
Pigs with positive results on oropharyngeal swabs were assumed to be infectious. The infectious period 
was calculated based on two criteria. The transmission rate and infectious period were used to estimate the 
R0 in all groups. For the group Malta’78 (high dose), the R0 was 13.2 [3.71; 46.63] using the conservative 
criterion and 62.80 [8.08; 482.99] using the upper bound criterion. For the group Malta’78 (low dose), the 
R0 was 24.17 [8.99; 64.91] using the conservative criterion and 66.02 [7.10; 620.17] using the upper bound 
criterion. For the group Netherlands’86, the R0 was 4.92 [0.82; 29.34] using the conservative criterion and 
9.78 [0.76; 125.21] using the upper bound criterion. Although the R0 values are not significantly different, 
the Malta’78 isolate seems more transmissible than the Netherlands’86 isolate.

Incident response information system (IRIS) for disease investigation and control
O’leary, B.D.1, Wang, S.2 and Morris, R.S.3, 1EpiSoft Limited, New Zealand, 2World Bank, China, 3MorVet 
Limited, New Zealand; roger.morris@morvet.co.nz

This software manages information concerning disease surveillance and control in people and animals. It 
is a completely generic system, which treats any group of activities or tasks with a common purpose as a 
project. Within a project, all data can be subdivided into events, categories, relationships and filters. Spatial 
data can be associated with each of these data types through the built-in GIS. The user defines the nature 
of each variable, so the system can evolve to meet changing needs, since the database structure is defined 
through a dynamic object model, not a fixed set of data tables. The user manipulates and analyses data using 
an expandable set of tools, available through the dashboard-style interface. As well as generic analytical 
capabilities, individual tools can be built by the user to meet particular needs. The software security allows 
each user to have individual access rights. IRIS can operate in any language, and has been developed initially 
for Mongolia, operating in Mongolian and English. The language is user-selectable on the fly. Spatial data 
can be drawn from any spatial database or satellite image, and data can be displayed against these. People 
can be easily trained to enter data and produce routine reports, while advanced users can manipulate the 
data in more sophisticated ways. IRIS operates over the web, and is therefore available to everyone who has 
internet access. Off-line data entry will be added to allow users without broadband access to enter data and 
upload it to the national system. The software can be linked to other tools, such as spatial disease models. 
The basic system can be made available without charge to any collaborating country, and developer support 
can then be obtained to adapt it to meet local requirements.
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Cryptosporidium parvum: determination of ID50 & description of the dose-response relationship in 
experimentally challenged dairy calves
Zambriski, J.A.1, Nydam, D.V.2, Wilcox, Z.J.2, Liotta, J.L.3 and Bowman, D.D.3, 1Cornell University, Animal 
Science, USA, 2Cornell University, Population Medicine and Diagnostic Sciences, USA, 3Cornell University, 
Microbiology and Immunology, USA; jaz44@cornell.edu

Cryptosporidium parvum causes diarrhea in neonatal dairy calves, contributing to calf morbidity and mortality, 
and is an important zoonosis. The objectives of this study were to determine the median infective dose (ID50) 
of C. parvum, describe the dose-response relationship, and associated clinical illness in experimentally 
challenged neonatal dairy calves. Within 24 hours of birth, 27 calves were experimentally challenged with 
C. parvum oocysts at 1 of 8 possible doses (25, 50, 100, 500, 1×103, 1×104, 1×105, and 1×106 oocysts), 
and 3 control calves were sham dosed. Fecal shedding occurred in 23 (92.6%) experimentally challenged 
calves and in 0 control calves. The mean onset of fecal oocyst shedding was 5.6±2 days across all doses, but 
occurred later at lower doses. The pattern of fecal oocyst shedding over time was curvilinear; the log-total 
oocysts counted/g of feces increased with age (P<0.007), reached a peak, and declined (P<0.0001). The 
mean number of days with diarrhea was 6.5±1.8. As dose increased, the frequency of diarrhea-days increased 
(P=0.14), but there was no difference in other clinical signs. The ID50 of C. parvum in dairy calves was 64 
oocysts, based on fecal oocyst detection. These results indicate a positive dose-response relationship, that 
the amount of oocysts to which calves are exposed contributes to the length and severity of diarrhea, and 
that a very low dose of oocysts can cause infection. Therefore, efforts to reduce the incidence of diarrhea 
in neonatal dairy calves associated with cryptosporidiosis and environmental contamination should focus 
on improved husbandry and management in order to minimize exposure to the parasite.

FMDV infection in vaccinated and non-vaccinated sheep: transmission to contact animals and 
diagnostic aspects
Eblé, P.L.1, Orsel, K.2, Van Hemert-Kluitenberg, F.1 and Dekker, A.1, 1Central Veterinary Institute of 
Wageningen UR (CVI), Netherlands, 2Faculty of Veterinary Medicine, University of Calgary, Canada; 
phaedra.eble@wur.nl

As FMDV infections might go unnoticed in both non-vaccinated and vaccinated sheep, knowledge about 
transmission of FMDV and good strategies for detection of infection in this species are very important. 
Using a study-design optimized to quantify transmission, we examined transmission of FMDV strain 
Asia-1 in groups of vaccinated and non-vaccinated sheep. Also, the results of different laboratory tests 
were compared to select the best possible strategy to identify infected individuals. After infection, in both 
vaccinated and non-vaccinated sheep, limited or no clinical signs were observed. Viraemia was detected, 
for a short period only, in some of the infected non-vaccinated and in none of the infected vaccinated 
sheep. However, FMD virus could be isolated from OPF swab samples, from the majority of the infected 
animals, for the whole duration of the study (21 days) and virus excretion was estimated to be as long as 
52 days for the non-vaccinated and 32 days in the vaccinated sheep. Despite this long duration of virus 
excretion, the transmission ratio R remained relatively low, being 1.14 in the non-vaccinated and 0 in the 
vaccinated sheep. In the non-vaccinated population, transmission to contact sheep occurred mainly in the 
first week after infection, coinciding with the period in which the largest amount of virus was excreted in 
the environment. In the infected vaccinated sheep, the viral shedding in the first week post infection was 
reduced significantly as compared to the non-vaccinated sheep, which might especially be of importance 
to reduce the risk of FMDV being transmitted from sheep to other animals species. Finally, we recommend 
that the use of OPF-swabs as an alternative for vesicle material / plasma samples for diagnostic use should 
be evaluated further.
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Reducing the transmission of Salmonella Typhimurium in pigs with a DIVA vaccine and feed with 
coated butyrate
De Ridder, L.1,2, Maes, D.1, Dewulf, J.1, Pasmans, F.3, Boyen, F.3, Haesebrouck, F.3, Leyman, B.3, Butaye, 
P.2,3 and Van Der Stede, Y.2, 1Faculty of Veterinary Medicine, Ghent University, Department of Obstetrics, 
Reproduction and Herd health, Belgium, 2CODA-CERVA-VAR, Bacteriology, Belgium, 3Faculty of Veterinary 
Medicine, Ghent University, Department of Pathology, Bacteriology and Avian diseases, Belgium; 
lotte.deridder@ugent.be

This study evaluated the effect of 2 control measures on Salmonella transmission in pigs. Salmonella-
negative weaned piglets were randomly assigned to 3 groups (n=3×16): A) oral vaccination with an 
inactivated Salmonella Typhimurium DIVA-strain; B) vaccination as in A + feed with coated butyrate; C) 
no vaccination or supplemented feed (control). At 9 weeks of age, 4 pigs/group were challenged with S. 
Typhimurium. Blood was analyzed weekly with a commercial LPS-ELISA (detection of infection-induced 
antibodies) and an in-house whole cell-ELISA (detection of infection- and vaccination-induced antibodies). 
Feces (2×/week) and tissue samples (necropsy at age 15 weeks) were bacteriologically examined for 
Salmonella. Based on these results, a transmission ratio Ra was calculated to quantify the average number 
of secondary cases caused by 1 infectious animal during the observation period. The negative control 
(n=8) remained negative throughout the study. Vaccination did not induce a detectable seroconversion 
in the LPS-ELISA, while the whole cell-ELISA detected an earlier antibody response in A and B when 
compared to C. More pigs were excreting Salmonella in the feces in C (22.7%) than in A (19.7%) and B 
(7.4%) (P>0.05). A similar trend was observed for the isolation results in the organs (P>0.05). Following 
Ra values were obtained: A (1.76[1.02;9.01]), B (2.52[1.02;9.01]) and C (+∞[1.88;+∞]). In conclusion, 
both interventions were able to diminish the transmission of S. Typhimurium, but the highest reduction 
was obtained by vaccination with the DIVA-vaccine. Moreover, vaccination with this vaccine allowed to 
differentiate between infected and vaccinated animals.
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