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SUMMARY 
 
Verocytotoxogenic E. coli O157 (VTEC O157) and Campylobacter jejuni/coli are zoonotic 
pathogens of public health importance, which are commonly carried and shed by cattle. 
Contaminated raw or undercooked meat is considered a direct threat to public health, but 
other transmission routes are also of importance. Faecal contamination of the country side, 
such as fields or water courses is of increasing concern, because of recent large nationwide 
human outbreaks traced back to spinach and lettuce irrigated with surface water or grown in 
soil previously fertilized with farm animal manure. Emerging use of the countryside by urban 
inhabitants and popularity of direct farm animal contact e.g. visitor farms also increases the 
contact rate between the public and farm animal manure and thereby, enhances the 
probability of transmission. Where control measures at abattoirs will reduce the risk to 
humans through meat, only interventions at farm will reduce the risk through the 
environment. 
 
The first main objective of this thesis was to identify feasible, practical and effective control 
measures to reduce VTEC O157 and Campylobacter jejuni /coli shedding by cattle. This was 
done by a classical epidemiological approach using multiple studies of different designs and 
assessing consistency in outputs. Initially, cross sectional studies were used to identify 
management practices, which were associated with a reduction in VTEC O157 and 
Campylobacter, respectively. A longitudinal cohort study was also carried out to identify 
similar practices, when accounting for the effect of time on the association between 
shedding and farming practices. Finally, the impact of applying the identified risk practices 
on VTEC O157 in cattle was assessed using a randomized controlled field trial and a control 
plan for reduction of VTEC O157 and Campylobacter jejuni /coli was proposed. 
 
Risk practices for Campylobacter jejuni /coli were initially identified by a cross-sectional study 
on young cattle (3–17 months of age) on 56 cattle farms in England and Wales. 
Campylobacter was detected on 62.5% of the farms and the presence of dairy cows (OR: 
3.7, p=0.02), indoor housing (OR: 4.6, p<0.01), private water supply (OR: 2.5, p=0.02), 
presence of horses (OR: 3.2, p<0.01) and feeding hay (OR: 2.9, p<0.01) were associated 
with detection. The model’s goodness-of-fit was improved when herd size was forced in the 
model without being statistically significant (p = 0.37). 
 
Risk factors and shedding patterns for Campylobacter jejuni /coli were further investigated in 
n observational longitudinal cohort study, which also identified risk practices for E. coli O157. 
Thirty groups of young cattle on 30 farms were observed for 7 months and sampled on 4–6 
occasions for E. coli O157 and Campylobacter to characterise shedding patterns and identify 
risk factors. The within herd prevalence of E. coli O157 per sampling occasion ranged from 0 
to 60% (mean=24%) and average Campylobacter spp. within herd prevalence was 47% 
ranging from 0 to 100%. The prevalence of E. coli O157 positive herds declined with a linear 
trend throughout the study from 100% to 38% (OR: 0.5, p<0.01), whereas time in the study 
was not significantly associated with Campylobacter prevalence (p=0.13). Larger herds were 
more likely to be positive with either or both agents, whereas the number of suckler calves 
on the farm reduced the risk of both organisms (OR: 0.4/0.6, p<0.01). Poultry on the 
premises reduced the risk of E. coli O157, but was not associated with Campylobacter. 
Emptying and cleaning the water-troughs more often than once monthly reduced the risk of 
detecting Campylobacter and cattle sourced by private water supplies were more likely to 
shed Campylobacter. No drinking water management practices were associated with E. coli 
O157. The risk of detecting both organisms were almost five times higher when the cattle 
were housed indoor (OR: 4.9, p=0.03). 
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Risk factors for VTEC O157 were also identified in a cross-sectional study on 255 cattle farms 
in England and Wales. Exposure variables were collected at the levels of the farm and of the 
group of young-stock within the farms. On each farm a group of young-stock (6–18 months 
of age) was sampled to establish VTEC O157 status. In our multiple logistic regression 
model, farm VTEC O157 status was associated with access to springs (OR: 0.3, p=0.01) and 
assessing the wetness of the bedding material less frequently than daily (OR: 4.4, p<0.01). 
At group-level we found no associated risk factors for animals housed outdoors in fields. 
Significant for groups housed in pens were wet bedding (wet OR: 3.4, p=0.02 / very wet 
OR: 4.2, p=0.02), number of animals in the group (10–15 OR: 2.7, p=0.13 / 16–24, OR: 3.8, 
p=0.03/ >25 OR: 3.8, p=0.03) and feeding straw (OR: 2.4, p=0.03). 
 
A randomised controlled trial was used to investigate the impact on E. coli O157 of three 
complex management intervention packages, which included a total of 10 control practices in 
groups of young cattle. All intervention farms were assigned measures to avoid buying in 
new animals and having direct contact or sharing water sources with other cattle. 
Furthermore, package A (7 farms) aimed to keep a clean environment and closed groups of 
young-stock; package B (14 farms) aimed for improved water and feed hygiene, whilst 
package C was assigned both A and B. The control farms (26 farms) were asked not to alter 
their practices. Farms, which were assigned intervention package A, exhibited a 48% 
reduction in E. coli O157 burden over the 4.5 months (average) of observation, compared to 
8% on the control farms. The effect of package A compared to the control farms in a crude 
intention-to-treat model was RR: 0.26, p = 0.12). Compliance patterns throughout the study 
were irregular, but non-random. When the risk ratio was adjusted for actual application of 
the different measures, the effect of intervention package A became stronger and 
statistically significant (RR: 0.14, p=0.03). Statistical evidence (p<0.05) showed that dry 
bedding and maintaining animals in the same groups were the most important measures 
within the package and weak evidence (p<0.1) showed that a closed herd policy and no 
contact with other cattle may also be of importance. Compliance with the other measures in 
package A had no influence on the effect of the package. No evidence of effect of the other 
two intervention packages was found. 
 
A collation of the results generated a practical and feasible 5-point plan for reducing VTEC 
O157 and Campylobacter jejuni /coli in young stock consisting of: Provide dry and clean 
bedding, maintain stable rearing groups, empty and clean water troughs 2-3 times a month, 
avoid young stock contact between herds & keep a closed herd policy. 
 
The non-random compliance patterns observed during the RCT raised questions about what 
influences farmers’ decision to implement disease control practices on their farms. On an 
individual level, implementation of a new practice demands a behaviour change, which is 
notorious difficult to induce and is influenced by personal beliefs as well as external 
circumstances. For a zoonotic control plan to be effective and result in an improvement of 
public health, successful promotion is paramount to encourage uptake in a sufficient 
proportion of the population. Knowledge of preferred drivers and perceived barriers is 
necessary both at an individual farmer level and at population level to design and target 
promotion tools, to have the greatest impact. Implementation of zoonotic control on farms is 
unlikely to provide any financial benefits to the farmer, who absorbs the costs of 
implementation. This highlights a need for animal health policy makers and professionals to 
look beyond the neoclassical motivators of financial gains and rational behaviour and 
consider alternative benefits and motivators of relevance to the farming population. 
 
The second main objective of this thesis was to investigate behavioural changes in cattle 
farmers and establish what influences their decision making in regards to implementation of 
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zoonotic control plan. Initially, an observation of a non-rational behaviour change in our 
study population was observed, which added confidence to the hypothesis that farmers can 
be motivated by other factors than financial benefits. Theories from social sciences, 
behavioural economics and evidence from human medicine were combined with the 
knowledge of livestock farming. This generated a model or framework that could be applied 
to describe and investigate behavioural changes in farmers and the barriers and motivators 
associated with the stages in the process. Field data was then collected using a combination 
of epidemiological and social sciences principles to establish status of zoonotic control among 
English and Welsh cattle farmers describe barriers for implementation and identify preferred 
motivators. 
 
A short communication describes an observed change in practices among farmers, who 
previously participated in a randomised controlled trial. Ineffective measures were continued 
by 55% of farmers, where only 19% adopted new effective practices due to evidence of 
effect. Implementation of all practices had financial costs, but ineffective measures provided 
no economic or disease-controlling benefits, only a perception of improved animal welfare. 
This observation suggested that evidence of effect was less important than habit forming 
and that farmers are willing to adopt practices without financial gains, if other benefits are 
perceived. This observation may encourage farmer advisors to include non-economic 
benefits, when promoting or encouraging disease control. 
 
A study was carried out to develop a theoretical framework from behavioural science, 
combined with basic epidemiological principles to investigate and explain the control of 
zoonotic agents on cattle farms. A “pathway to disease control”-model was developed based 
on models from behavioural science and human medicine. Field data was used to 
demonstrate the validity of the “pathway to disease control” model to identify and explain 
motivational factors for implementation of disease control programs among English and 
Welsh cattle farmers. The field data consisted of interviews conducted with 42 farmers and 
analyzed to investigate the perception of responsibility for safe cattle produce and the 
intrinsic and extrinsic barriers that inhibited the implementation of a zoonotic control 
program on the farms. The pathway to disease control model was used to illustrate where 
the barriers affected the implementation process and to classify the farmers according to the 
current degree of zoonotic control at a stage within the model. Statistical analyses were 
applied to identify motivators particularly associated with different levels of intent and 
implementation. Younger farmers and/or larger herds were more likely to place financial 
responsibility upon the industry rather than on government and all but two farmers accepted 
a social responsibility for food safety within cattle production. In general, attitudes towards 
zoonotic control were positive, but intent to control was inhibited in approximately half the 
farmers by non-supportive social norms and/or a lack of belief in self-efficacy. The remaining 
farmers showed a gradual intent to control, but had not implemented any structured control 
program due to external barriers including lack of knowledge and both cultural and economic 
pressure from society and industry. The farmers with no intent to adopt control measures 
identified their private veterinarian as the preferred motivator, whereas consumer-demand 
and financial rewards or penalties were significantly preferred by with farmers who intended 
to control. This study is one of a group of emerging studies, which combine behavioural 
sciences with veterinary epidemiology and use social epidemiology to explore the probability 
of uptake of disease control at farm level. 
 
Main conclusions 
• Provide dry and clean bedding, maintain stable rearing groups, avoid young stock contact 
between herds and keep a closed herd policy are likely to reduce VTEC O157 in the high risk 
age group of 3-24 months of age. 
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• Emptying and cleaning water troughs 2-3 times a month is likely to reduce 
Campylobacter jejuni /coli shedding by cattle in the same age group. 
• Cattle farmers were willing to implement new practices due to non-financial motivators 
• Habit creation could be an effective tool of implementation of control practices on cattle 
farms 
• The combination of social science and epidemiology increased the understanding of 
implementation of control plans among cattle farmers. 
• The developed social-ecology model ‘pathway to implementation of disease control’ was 
a useful and realistic tool for understanding the behaviour change process and visualise 
barriers. 
• Lack of belief in self-efficacy appeared to be the most common barrier for intent, 
whereas lack of organisation among cattle farmers, price squeezing from retailers, 
inconsistency between assurance demands and prices and lack of support from government 
and society were the most important extrinsic inhibitors. 
• Farmers without intent wanted advice from a trusted source such as their private 
veterinarian, whereas farmers who had a intent to control were looking for financial 
incentives to implement a control plan. 
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INTRODUCTION 

 
Verocytotoxin producing Escherichia coli O157 (VTEC O157) and Campylobacter jejuni/coli 
are zoonotic pathogens of public heath concern15. Campylobacter  is the most common 
cause of bacterial diarrhoea in western countries and 46,603 cases were diagnosed in 
England and Wales in 2006. VTEC O157 is much less frequent with 1003 diagnosed cases in 
2006, but the outcome of an infection can be severe with sequella like haemolytic ureamic 
syndrome, which can cause to death in very young children. In general, young children are 
particularly susceptible to severe disease from both VTEC O157 and Campylobacter jejuni 
/coli. Furthermore, age-specific behaviours such as finger suckling, eating soil and frequent 
snacking increases the risk of infection, when in the countryside or in contact with animals in 
places like petting zoos or open farms 14, 33, 34. Human case control studies in several 
countries find that children living in rural areas have an increased risk of both Campylobacter 
and VTEC O157 infections compared to urban children13, 17.  
 
Cattle are the main host of VTEC O157 and the traditional transmission route from cattle to 
humans is through beef, contaminated at slaughter houses. In their lifetime, infected cattle 
shed large amounts of bacteria and thereby also contaminate the environment. Direct and 
indirect environmental transmission is emerging as a major risk to public health. Human 
sporadic cases and outbreaks are increasingly caused by direct animal contact, 
unpasteurised milk, vegetables, farm gate produce and countryside activities which bring the 
public in contact with contaminated soil or surface water7, 10, 14, 23, 27, 31, 34. Outbreaks caused 
by fresh vegetables irrigated or washed with contaminated surface water are often large and 
widespread, because these products are often sold through national supermarket chains or 
distributors. In 2005, Sweden experienced a nationwide outbreak of VTEC O157, which 
originated from lettuce grown in one area and irrigated with surface water30. VTEC O157 
strains of similar genotype were isolated from cattle farms up stream from the lettuce fields. 
A large US multi-state VTEC O157 outbreak with 200 diagnosed cases of VTEC O157 
including 3 deaths, was traced to bagged spinach grown in one geographical location in 
California and again similar strains were found in cattle in the area 21. The growing concern 
for direct or indirect environmental transmission of VTEC O157 and Campylobacter 
originating from cattle, highlights a need to consider interventions at the farm-level rather 
than only at slaughter houses. 
 
Human Campylobacteriosis is mainly caused by poultry, but a large proportion of human 
cases are never traced back to the source. Source attribution, using multiple locus sequence 
typing (MLST), is rapidly increasing and although, some MLST profiles are predominantly 
source specific, none are exclusively associated with one host and the host specificity of the 
majority of MLST complexes is still debated. Indeed, repeated transmission between host 
animals such as cattle and poultry in close proximity has been observed6, 25. A study has 
suggested that cattle associated strains account for at least 8-15% of cases some Northern 
European countries, which would be equivalent to approximately 4000 cases in England and 
Wales annually8, 18. However, no representative source attribution studies are available from 
the UK and a large number of human strains remain non-attributable to source. Unlike VTEC 
O157, Campylobacter transmission to humans does not appear to occur through beef, but is 
rather considered an environmental hazard, transmitted through contaminated milk, soil and 
surface water 10, 14, 27.  
 
Instating control measures for VTEC O157 and Campylobacter at the slaughter house is a 
practical and feasible solution to protect human health from contaminated meat, but on-farm 
control measures are needed to reduce the risk of transmission through the environment1. 
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An adult cow sheds approximately 54 kg of faeces a day into the environment and both 
VTEC O157 and Campylobacter have been found to survive well in water and soil. This may 
result in a prolonged risk of infection for humans from the countryside, private water 
supplies or surface water even after the cattle has been removed 3, 16, 31.  
 
Approximately 40% of commercial cattle herds in England and Wales are shedding VTEC 
O157 and 4.5% of cattle are positive and shedding the organism at slaughter20, 22. The 
prevalence is age-dependent and animals at the age of 3-18 months are at high risk of 
shedding VTEC O157. Infected cattle are asymptomatic and shedding is intermittent and the 
level of infection is heterogeneous through the infectious period19, 29.  Little is know about 
the epidemiology of Campylobacter jejuni/coli in cattle, but it is suspected that the majority 
of dairy herds in England are infected, though shedding may be intermittent 11, 18. A 
slaughter house survey revealed that 54.6% of cattle were actively shedding the organisms 
at the time of slaughter 20. The combination of the facts that a large number of cattle are 
shedding Campylobacter, that outbreaks of cattle origin are reported and that a large 
number of human Campylobacter jejuni/coli cases in England and Wales are of unknown 
origin suggest that cattle may play a role in the epidemiology of human Campylobacteriosis.   
 
At present, no official guidelines for control of zoonoses on cattle farms exist. Retailer 
assurance schemes require a general high level of hygiene to avoid transmission to products, 
but no structured evidence-based approach to reduce pathogens is promoted. Multiple cross-
sectional risk factor studies have been carried out in European countries and each identify 
multiple farm characteristics or practices, which are associated with VTEC O157 in the 
cattle12, 26, 28. Unfortunately, similar risk factors are not identified consistently between 
studies, which indicate large uncertainty and lack of specificity in cross-sectional risk factor 
studies and suggests a need for further investigation, before developing control plans. In 
human medicine, randomised controlled trials (RCT) are recognised as the ‘gold standards’ of 
determining causality or effect of a treatment or preventive measure. Ideally, the impact of 
removing risk factors should be derived from RCT on a representative study population, 
before developing or recommending control plans, to ensure maximum confidence in the 
impact. 
 
Implementation of a control plan for VTEC O157 and Campylobacter jejuni/coli on cattle 
farms is a two step process: 1) Identification of effective control practices and 2) 
implementation of these on cattle farms. Where epidemiological studies and natural science 
are capable of identifying and quantifying impact of different practices on VTEC O157 and 
Campylobacter prevalence on farms, social science principles are needed to describe the 
barriers for uptake and identify motivators, which will results in maximum uptake of control 
practices. Implementation on a farm demands an action or in other words, a behaviour 
change of the farmer. Behaviour change is considered a stepwise process, where ‘intent to 
change’ proceeds the actual ‘action of change’, before considering ‘sustaining’ a recent 
behaviour change2,5. Each step is triggered by different motivators influencing different 
thought processes in decision-making. Behaviour changes are notorious difficult to induce 
and where some motivators are effective for the whole population of farmers, other 
motivators can be essential for certain sub-populations until the new behaviour has become 
a habit4, 24, 32. 
 
Motivators for control of VTEC O157 and Campylobacter jejuni/coli on farm are not apparent 
and several challenges need to be overcome to ensure uptake of a zoonotic control plan. 
Since VTEC O157 and Campylobacter jejuni/coli do not cause disease or production losses in 
cattle, control of these organisms do not offer direct financial benefits such as increased 
production to the farmer, who will invest in the interventions. Furthermore, interventions are 
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unlikely to offer measurable outcomes that can be used for benchmarking or progress 
monitoring, which are both factors known to encourage sustainability and habit creation 
during the behaviour changes process5. The lack of apparent or direct benefits is a major 
hurdle for uptake of zoonotic control on cattle farms and careful considerations must be 
given to feasibility of recommended control practices, as very specialist, expensive or 
cumbersome practices are unlikely to be implemented under these circumstances9. 
Alternative benefits for proposed control practices should also be established to add to the 
incentives for implementation. Intangible outcomes such as pride in work, provision of a 
good work environment, admiration/acknowledgement from peers or competitors and 
improved welfare of people or animals are well known motivators from other industries, but 
usually underestimated in livestock farming32. However, the challenges of encouraging 
zoonotic control on cattle farms emphasises the importance of establishing the farmers’ 
perception of benefits and incentives.   
 
AIMS & OBJECTIVES 
 
The aim of this thesis was to develop a feasible control plan for control of VTEC O157 and 
Campylobacter jejuni/coli in young cattle on farms with maximum likelihood of uptake. This 
was accomplished through two main objectives with 6 sub-objectives:  
 
1) Develop feasible and effective control plan to reduce VTEC O157 and Campylobacter 

jejuni/coli in young cattle on cattle farms. 
 

I. Identification of risk factors for Campylobacter jejuni and Campylobacter coli in 
young cattle using a cross-sectional study approach. 

II. Description of shedding patterns and identification of risk factors for E. coli O157 
and Campylobacter spp. in young cattle using a longitudinal study approach. 

III. Identification of management risk factors for VTEC O157 in young cattle using a 
cross-sectional study approach. 

IV. Measure of impact of farm practices to control E. coli O157 in young cattle using a 
randomised controlled trial. 

 
2) Explore the probability of implementation of the developed control plan on English and 

Welsh cattle farms by establishing the perception of responsibility, perceived barriers and 
preferred motivators of the farmers. 

 
I. Description of changes in husbandry practices on cattle farms after trial 

participation 
II. Exploration of farmers’ perceptions of responsibility and importance of their role in 

control of zoonoses and identification of barriers and motivators for 
implementation of control programs on cattle farms. 

The scientific work is described in chapters 2-7, which also includes discussion of the 
individual studies. The overall work and aims are discussed in chapter 8.  
 
REFERENCES 
 
1. Ahmadi B. 2007. Cost-effectiveness of Escherichia coli O157:H7 control in the beef chain. phD 

thesis; wageningen University: The Netherlands. 
2. Azjen I. From intentions to actions: A theory of planned behaviour. 1 ed. Heidelberg: Springer, 

1985. 
3. Chalmers RM, Aird H, Bolton FJ. 2000. Waterborne Escherichia coli O157. Symp Ser Soc Appl 

Microbiol; (29): 124S-132S. 



~ 1 ~ 

 4

4. Crabtree B, Chalmers N, Eiser D. 2001. Voluntary incentive schemes for farm forestry: Uptake, 
policy effectiveness and employment impacts. Forestry; 74(5): 455-465. 

5. Darnton A. 2008. GSR Behaviour Change Knowledge Review. 
http://www.gsr.gov.uk/downloads/resources/behaviour_change_review/reference_report.pdf; 
Accessed on: 12/02/09. 

6. Ellis-Iversen J, Joergensen F, Bull S, Powell L, Cook AJ, Humphrey TJ. Personal communication. 
Risk factors for Campylobacter colonisation during rearing of broilers in Great Britain. 
Submitted for publication. 

7. Investigation of animal premises in England and Wales as potential sources of human 
verocytotoxogenic E. coli O157. Epidemiology and Transmission of VTEC and Other 
Pathogenic Escherichia coli; 2008; Stockholm, Sweden. Pathogenic E. coli Network, EU. 

8. French NP, Carter P, Collins-Emerson J, Midwinter A, Mullner P, Wilson D. Comparing 'source 
attribution' models for human campylobacteriosis. 
http://www.svepm.org.uk/posters/index.php?path=.%2F2008%2F. Accessed on: 30/04/08 

9. Garforth C, McKemeya K, Rehmana T, Trantera R, Cookea R, Parka J, et al. 2006. Farmers' 
attitudes towards techniques for improving oestrus detection in dairy herds in South West 
England. Livestock Science; 103: 158-168. 

10. Gillespie IA, Adak GK, O'Brien SJ, Bolton FJ. 2003. Milkborne general outbreaks of infectious 
intestinal disease, England and Wales, 1992-2000. Epidemiol Infect; 130(3): 461-8. 

11. Grove-white D. Personal communication. 2008. 
12. Gunn GJ, McKendrick IJ, Ternent HE, Thomson-Carter F, Foster G, Synge BA. 2007. An 

investigation of factors associated with the prevalence of verocytotoxin producing Escherichia 
coli O157 shedding in Scottish beef cattle. Vet J; 174(3): 554-64. 

13. Haus-Cheymol R, Espie E, Che D, Vaillant V, H DEV, Desenclos JC. 2005. Association between 
indicators of cattle density and incidence of paediatric haemolytic - uraemic syndrome (HUS) 
in children under 15 years of age in France between 1996 and 2001: an ecological study. 
Epidemiol Infect: 1-7. 

14. Heuvelink AE, Valkenburgh SM, Tilburg JJ, Van Heerwaarden C, Zwartkruis-Nahuis JT, De Boer E. 
2007. Public farms: hygiene and zoonotic agents. Epidemiol Infect; 135(7): 1174-83. 

15. HPA. http://www.hpa.org.uk. Accessed: 18/11/08 
16. Jones K. 2001. Campylobacters in water, sewage and the environment. Symp Ser Soc Appl 

Microbiol; (30): 68S-79S. 
17. Kistemann T, Zimmer S, Vagsholm I, Andersson Y. 2004. GIS-supported investigation of human 

EHEC and cattle VTEC O157 infections in Sweden: geographical distribution, spatial variation 
and possible risk factors. Epidemiol Infect; 132(3): 495-505. 

18. Kwan PS, Birtles A, Bolton FJ, French NP, Robinson SE, Newbold LS, et al. 2008. Longitudinal 
study of the molecular epidemiology of Campylobacter jejuni in cattle on dairy farms. Appl 
Environ Microbiol; 74(12): 3626-33. 

19. Matthews L, Low JC, Gally DL, Pearce MC, Mellor DJ, Heesterbeek JA, et al. 2006. Heterogeneous 
shedding of Escherichia coli O157 in cattle and its implications for control. Proc Natl Acad Sci 
U S A; 103(3): 547-52. 

20. Milnes AS, Stewart I, Clifton-Hadley FA, Davies RH, Newell DG, Sayers AR, et al. 2007. Intestinal 
carriage of verocytotoxigenic Escherichia coli O157, Salmonella, thermophilic Campylobacter 
and Yersinia enterocolitica, in cattle, sheep and pigs at slaughter in Great Britain during 2003. 
Epidemiol Infect: 1-13. 

21. MMWR. 2006. Ongoing multistate outbreak of Escherichia coli serotype O157:H7 infections 
associated with consumption of fresh spinach—United States, September 2006. Morbity and 
Mortality Weekly Report; 55: 1045-1046. 

22. Paiba GA, Wilesmith JW, Evans SJ, Pascoe SJ, Smith RP, Kidd SA, et al. 2003. Prevalence of faecal 
excretion of verocytotoxigenic Escherichia coli O157 in cattle in England and Wales. Vet Rec; 
153(12): 347-53. 

23. Payne CJ, Petrovic M, Roberts RJ, Paul A, Linnane E, Walker M, et al. 2003. Vero cytotoxin-
producing Escherichia coli O157 gastroenteritis in farm visitors, North Wales. Emerg Infect 
Dis; 9(5): 526-30. 

24. Pike T. Understanding behaviours in farming context. 
https://statistics.defra.gov.uk/esg/ace/research/pdf/ACEO%20Behaviours%20Discussion%20
Paper.pdf. Accessed: 18/11/08 



~ 1 ~ 

 5

25. Ridley A. Personal communication. 2008. 
26. Rugbjerg H, Nielsen EM, Andersen JS. 2003. Risk factors associated with faecal shedding of 

verocytotoxin-producing Escherichia coli O157 in eight known-infected Danish dairy herds. 
Prev Vet Med; 58(3-4): 101-13. 

27. Said B, Wright F, Nichols GL, Reacher M, Rutter M. 2003. Outbreaks of infectious disease 
associated with private drinking water supplies in England and Wales 1970-2000. Epidemiol 
Infect; 130(3): 469-79. 

28. Schouten JM, Bouwknegt M, van de Giessen AW, Frankena K, De Jong MC, Graat EA. 2004. 
Prevalence estimation and risk factors for Escherichia coli O157 on Dutch dairy farms. Prev 
Vet Med; 64(1): 49-61. 

29. Shaw DJ, Jenkins C, Pearce MC, Cheasty T, Gunn GJ, Dougan G, et al. 2004. Shedding patterns of 
verocytotoxin-producing Escherichia coli strains in a cohort of calves and their dams on a 
Scottish beef farm. Appl Environ Microbiol; 70(12): 7456-65. 

30. Soderstrom A, Osterberg P, Lindqvist A, Jonsson B, Lindberg A, Ulander SB, et al. 2008. A large 
Escherichia coli O157 outbreak in Sweden associated with locally produced lettuce. Foodborne 
Pathogens and Disease; 5(3): 339-349. 

31. Strachan NJC, Dunn GM, Ogden ID. 2001. Quantitative risk assessment of human infection from 
Escherichia coli O157 associated with recreational use of animal pasture. International Journal 
of Food Microbiology; 2369: 1-13. 

32. Valeeva NI, Lam T, Hogeveen H. 2007. Motivation of dairy farmers to improve mastitis 
management. Journal of Dairy Science; 90(9): 4466-4477. 

33. Weese JS, McCarthy L, Mossop M, Martin H, Lefebvre S. 2007. Observation of practices at petting 
zoos and the potential impact on zoonotic disease transmission. Clinical Infectious Diseases; 
45(1): 10-15. 

34. Willshaw GA, Evans J, Cheasty T, Cummins A, Pritchard GC. 2003. Verocytotoxin-producing 
Escherichia coli infection and private farm visits. The Veterinary Record; 152: 365-366. 

 



 
~ CHAPTER 2 ~ 

 
 
 
 

RISK FACTORS FOR CAMPYLOBACTER 
JEJUNI AND CAMPYLOBACTER COLI IN 

YOUNG CATTLE ON ENGLISH AND WELSH 
FARMS 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

Published in 
 Preventive Veterinary Medicine (2009) Vol. 88(1), pp. 42-48 

doi:10.1016/j.prevetmed.2008.07.002 
 

Authored by 
Johanne Ellis-Iversen, Geoff C. Pritchard, Marion Wooldridge & Mirjam Nielen  



~ 2 ~ 
 

1 

ABSTRACT 
 
Campylobacter jejuni and C. coli are the most prevalent causes of bacterial diarrhoea in most 
of the Western World. In Great Britain, the source remains unknown for the majority of 
cases, though poultry is considered the main source of infection. Molecular typing methods 
identify cattle as a potential source of a proportion of the non-source-attributed cases, 
mainly through direct contact, environmental contamination or milk, but little is known about 
the epidemiology of Campylobacter in cattle. A cross-sectional study was undertaken on 
young cattle 3–17 months of age on 56 cattle farms in England and Wales to identify 
association between the presence of C. jejuni and C. coli and farm characteristics and 
management practices. Campylobacter was detected on 62.5% of the farms and the 
presence of dairy cows (OR: 3.7, CI95%: 1.2; 11.7), indoor housing (OR: 4.6, CI95%: 1.8; 
12.0), private water supply (OR: 2.5, CI95%: 1.2; 5.4), presence of horses (OR: 3.2, CI95%: 
1.5; 6.9) and feeding hay (OR: 2.9, CI95%: 1.6; 5.5) were associated with detection. The 
model’s goodness-of-fit was improved when herd size was forced in the model without being 
statistically significant (p = 0.34). 

INTRODUCTION 

Campylobacter jejuni and Campylobacter coli are the most commonly reported bacterial 
enteritis in the United Kingdom as in most of the Western world23.  Poultry meat is a major 
source of human infection and a recent study has estimated that between 55 and 71% of 
human cases are attributable to chicken13. This model was based on multi-locus sequencing 
types (MLST) results from three countries, where the species specificity of MLST have 
enabled source attribution studies 13, 25. These studies estimated that between 8 and 14% of 
human cases are attributable to cattle and a further 14–16% to sheep with slight inter-
country variations.  
 
Cattle contribute to human cases and outbreaks through several transmission routes such as 
direct contact, environmental contamination and milk17, 21, 26, 33. C. jejuni and C. coli 
commonly colonize cattle without causing symptoms and studies have reported that 40–60% 
of individual animals and 80% of herds in their study populations shed Campylobacter 4, 30, 35. 
Excretion of large quantities of fecal matter on large areas during grazing causes 
contamination of soil and watercourses and Kemp et al., found that Campylobacter-
contaminated water sources were associated with the density of cattle fecal pats in the 
surrounding area. Direct contact with cattle or their near-environment has also been 
associated with human Campylobacteriosis21, 26. Consumption of unpasteurized or 
inadequately pasteurized milk has also been identified as a source Campylobacteriosis and is 
believed to be associated with both outbreaks and sporadic cases 7, 17. 
 
Very little is known about the dynamics and transmission of Campylobacter between cattle. 
Campylobacter are frequent in the environment, but certain MLST types have been 
associated with cattle rather than with their environment 12, 25. This suggests that certain 
genotypes either exhibit enhanced survival in cattle-specific environments or more effectively 
colonize the intestinal tracts of cattle. The latter could result in cattle acting as multipliers for 
the organisms, before they are excreted back into the environment. The exact nature of the 
relationship between the cattle host and Campylobacter is unknown, but even without the 
full biological understanding, knowledge of risk factors on farms, which enhance the 
probability of Campylobacter shedding, can contribute to the design of feasible and practical 
interventions. 
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The objective of this study was to identify characteristics and management practices 
associated with the presence of C. jejuni and C. coli on cattle farms. 

MATERIALS AND METHODS 

Study population 

The study population consisted of 56 Verocytotoxigenic E. coli O157 (VTEC O157) positive 
cattle farms, which were selected for a different study. The selection process was previously 
described in detail 8, 9, but in short, the studied farms originated from a pool of 411 farms in 
England and Wales, which were initially approached for participation through their private 
veterinary practices by the Veterinary Laboratories Agency (VLA). A total of 255 farmers 
agreed to an initial VTEC O157 screening visit and eligibility check. Farms were eligible, if 
they stocked more than 60 cattle with a minimum of 20 young stock, were TB-negative and 
if the premises were not shared with any public access enterprises such as open farms, Bed 
& Breakfasts or farm-shops and did not sell unpasteurized milk. Of the 87 VTEC O157 
positive farms, 56 further agreed to a second visit and were enrolled for this Campylobacter 
study.  
 
No nationally representative studies were available to provide a reliable within group 
prevalence estimate. Wesley et al. reported that 38% of all cattle tested were positive and a 
study from the US reported a within feedlot prevalence of approximately 45%, but both 
estimates included cattle from negative herds4, 35. A high (80–100%) within flock prevalence 
is usually reported from poultry flocks, where the epidemiology of C. jejuni is better 
explored11, 19. The within group prevalence of Campylobacter in our study was assumed to be 
at least 50%, because of the close contact between our sampled animals. On this 
assumption, 4.2 samples were required from each herd to detect at least one positive with 
95% confidence if the group was positive (calculated using Win Episcope 2.0). The number 
of herds was a convenience sample, but post-enrolment power calculations revealed that the 
56 herds provided us a power of 80% to detect a twofold difference in proportions of 
exposures between negative and positive populations with 95% confidence, if 50% of herds 
were infected. 

 

Data collection 

Between 20 October 2003 and 1 February 2004, a sampler from the closest VLA regional 
laboratory visited each of the 56 farms once to collect data and 4-6 fecal samples. The 
sampler had been trained by information meetings and had previously carried out the 
screening visits to the farms. Information on farm characteristics and normal practices for 
management of young stock was collected on questionnaires, which were used in previous 
studies 8, 32. A copy is available on request. Most questions were closed and used tick boxes 
to increase precision of the answers and the questionnaires were completed by the sampler 
in discussion with the farmer. Furthermore, to approximate hygiene, the sampler scored the 
wetness of the bedding in five different areas of the enclosure (1 = very dry and 5 = very 
wet, dirty and slippery)24and the cleanliness of five animals using the well-established Meat 
Hygiene Service’s Assessment Score system14. 
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Sample collection 

Faecal pat samples were collected from each indoor or outdoor enclosure, where a group of 
20 or more healthy looking young stock (3–17 months of age) was housed on the day of 
sampling. In an attempt to avoid sampling one social group within the enclosure, the 
enclosure was visually divided into four areas and 1-2 samples of fresh-looking faecal pat(s) 
were collected in each area. In the laboratory, each sample was streaked onto a separate 
mCCDA plate and incubated at 37 °C in a microaerobic atmosphere for 48 h. Presumptive 
Campylobacter strains were Gram-stained and all Gram-negative spiral-formed rods were 
sub-cultured onto blood agar plates and incubated as above, before they were speciated into 
C. jejuni and C. coli by species-specific PCR 18.  
 
The burden of E. coli O157 within the sampled group was determined using immuno-
magnetic separation before culture on McConkey agar as previously described32. 
Furthermore, each sample was analyzed for the presence of Coccidia spp. using a modified 
McMaster method combined with microscopy. The farm was classified as Coccidia positive if 
one or more oocysts were detected in at least one sample. The burden of E. coli O157 and 
the presence of Coccidia spp. were included as exposure variables in the study. 

 

Data analyses 

The data and microbiological results were entered into an Access 97® database (Microsoft 
Corp. Redmond, WA) and visually checked for implausible or outlying values, which were 
traced back to the original questionnaires, the farmer or the laboratory for clarification and 
confirmation and amended accordingly in the database. Binary variables were created from 
the hygiene scores for use in the multivariable model. For dryness of bedding, a cut-off 
between 2 and 3 was used, where the bedding went from ‘‘slightly soiled and dry’’ to 
‘‘squelchy’’ because this cut-off was found to be of importance to E. coli O157 burden in 
young cattle and no information was found regarding Campylobacter spp.9. Animal 
cleanliness was also divided between 2 and 3 according to the legislation used at UK 
slaughter houses 15. Analysis of farm characteristics and management variables and their 
association with Campylobacter was carried out as a two-step process. Initially, univariable 
logistic regression tests were used to investigate crude associations between Campylobacter 
status and each binary or categorical variable. Continuous variables were evaluated using t-
tests. All exposure variables with a crude p-value<0.3 were included in a full multilevel 
multivariable logistic regression model using sample status as outcome and farm as random 
effect to adjust for potential clustering. Herd size was considered an important proxy for 
uncaptured variables such as production information, general health status of the animals, 
number of staff, etc. and was forced in the model independently of statistical significance, 
while a backwards stepwise elimination of all other non-significant variables in the study 
were applied to obtain a minimal model containing only significant variables (Wald’s p<0.05). 
To assess confounding, the variables eliminated by the stepwise process were reintroduced 
one by one to the minimal model. A newly introduced variable was retained and included in 
the final model if it either improved the goodness-of-fit of the model by >10% or changed 
the odds ratio by >25% (confounding). The goodness-of-fit was assessed using Hosmer–
Lemeshow tests for 10 groups. Biological plausible interactions between variables in the final 
model were assessed using likelihood ratio testing of nested models. All analyses were 
carried out using Intercooled Stata 10.0 (STATA Corp., College Station, TX). 
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RESULTS 

The study population consisted of 56 farms, where dairy was the main enterprise on 28 
farms and beef was the main enterprise on the other 28 farms. However, dairy cows were 
present on 45 of the farms suggesting a high proportion of mixed farms. Fattening cattle 
were reared on 24 farms and suckler calves were present on twelve. Horses, sheep and 
poultry were present on 17, 19 and 6 farms, respectively. Only 12 of the farms had bought-
in cattle in the last 12 months and 11 farms used only public water supply for their cattle. 
Private water supplies such as wells or boreholes supplied the cattle on 25 farms and the 
cattle were also supplied from open watercourses on 30 farms. Fifty-one of the sampled 
groups were housed indoor at sampling, 23 were fed silage, 7 hay and 32 were fed straw. 
The age of the animals ranged from 3 to 17 months with an average of 8.7 months. Coccidia 
spp. was isolated from 14 groups and the average burden of E. coli O157 was 0.39 (0.29; 
0.52).  
 
The Campylobacter strains originated from 35 (62.5%, CI95%: 0.49; 0.76) of the farms and 
the proportion of positive samples within each farm varied from 16.7 to 100%. The majority 
of positive farms had <50% positive samples and the distribution of within herd prevalence 
is shown in Fig. 1. 
 
 
 

 
 
Fig. 1. The percentage of Campylobacter positive samples in young cattle on 56 cattle farms in 
England and Wales. 
 
 
All farms were visited once and 4–6 samples were collected on each farm yielding a total of 
235 samples. Campylobacter jejuni or C. coli were isolated from 27.7% of the samples and 
the majority of the isolates (95.2%) were C. jejuni. Campylobactor coli was detected in five 
samples and three of these originated from farms, which also harboured C. jejuni. The two 
remaining C. coli strains originated from different farms and C. jejuni was not detected on 
these farms. Tables 1–3 describe the distribution of exposures in the study population and 
identify the variables with a potential association with Campylobacter detection.  
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Table 1. Distribution of Campylobacter positive and negative samples collected from 56 cattle farms 
in England and Wales 

Variable Exposure Level Campylobacter status 
  Positive Negative 
  n % n % 
Herd size (categorical)a 60–176 12 43 16 57 
 177–260 18 21 66 79 
 261–369  12 20 47 80 
 370–1300  21 33 43 67 
Main enterprise  Dairy 34 29 183 71 
 Beef  29 25 89 75 
Type of cattle on farm  Dairyb 56 29 135 71 
 Sucklersb  12 21 46 79 
 Fattener  24 24 78 76 
Cattle bought in the last 12 months Yes 11 22 40 78 
 No  50 29 125 71 
Horsesb Present  26 36 46 46 
 Absent  37 23 126 77 
Sheep Present  21 26 60 74 
 Absent  42 27 112 73 
Poultry  Present  7 28 18 72 
 Absent 56 27 150 73 

       a included in model as a proxy confounder 
       b Included in multivariable model (p < 0.3); Missing values omitted. 
 
 
Table 2. Distribution of Campylobacter positive and negative samples collected from 56 cattle farms in 
England and Wales  

Variable Exposure  Campylobacter Status 
 Level Positive Negative 
  n % n % 

Yes  7 28 18 72 Contact with cattle fromother herds in the last 2 
months  No  56 27 154 73 

Yes  33 31 73 69 Period of >8 weeks between spreading of manure, 
slurry or dirty water on land and allowing grazinga No  30 23 99 77 

Yes  36 34 69 66 Cattle drink from private water supplya  
No  27 21 103 79 
Yes  15 22 54 78 Any water sources shared with other cattle herdsa  
No 45 28 113 72 

Housinga  Indoor  60 29 149 71 
 Outdoor  3 12 23 88 
Cattle fed silagea  Yes  21 23 70 67 
 No  41 30 97 70 
Cattle fed haya  Yes  12 44 15 56 
 No  50 25 152 75 
Cattle fed strawa  Yes  42 33 84 67 
 No  20 19 83 81 

1 or 2  11 24 35 76 Squelch score of bedding (median of group)a  
>2  44 28 108 72 

Boot dip present and useda  Yes  9 26 16 64 
 No  54 26 156 74 
Over coat present and useda  Yes  9 43 12 57 
 No  54 25 160 75 
Coccidia spp.  Positive  6 33 12 67 
 Negative  44 27 117 73 

  a Included in multivariable model (p< 0.3); Missing values omitted. 
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Table 3: Distribution of age and within herd VTEC prevalence on 56 groups of young cattle on English 
and Welsh farms and Campylobacter status at sample level 
 Campylobacter positive Campylobacter negative 
 n Mean P50 Min-max n Mean P50 Min-max 
Group sizea 62 22 22 7–47 167 24 24 3–67 
Age of cattle (months) 63 8.80 8 3–17 155 8.40 8 4–17 
VTEC prevalence 63 0.41 0.5 0–1 172 0.35 0.25 0–1 
Animal cleanlinessa 63 N/A 2 1–4 165 N/A 2 1–5 
Squelch score 55 N/A 2 1–5 146 N/A 2 1–5 
a Included in multivariable model (p< 0.3); Missing values omitted. 
 
From the 17 variables initially included in the multivariable model 5 remained significant 
(Table 4). Re-introducing private water supply and housing into the model improved the fit 
from p=0.07 to p=0.72 and the decision to keep herd size in the model as a proxy 
confounder was justified by a 50% improvement in fit. No interaction between any of the 
variables in the final model improved the fit of the model significantly and all variables were 
considered to be independently associated with Campylobacter detection.  
 
Table 4. Husbandry practices and farm characteristics associated with C. jejuni and C. coli presence in 
young stock in England and Wales, when adjusted for other risk potential factors in a multilevel 
clustered logistic regression model 
Variable  Coef OR  CI 95% p-value 
Herd-size (priory confounder)  -0.2 0.8  0.5; 1.2    0.37 
Presence of dairy cows Yes   1.3 3.7  1.2; 11.7    0.02 
 No   1.0   
Private water supply Yes   0.9 2.5  1.2; 5.4    0.02 
 No   1.0   
Feeding hay Yes   1.1 3.0  1.6; 5.5  <0.01 
 No   1.0   
Presence of horses Yes   1.2 3.2  1.5; 7.0 <0.01 
 No   1.0   
Housed indoors Yes   1.5 4.6  1.8; 12.0 <0.01 
 No   1.0   
N = 229; cluster effect = farm; constant = -5.7; goodness-of-fit = 0.72. 

 

DISCUSSION 

Our study population was not randomly selected and did not directly represent the national 
cattle herd. All farms were previously classified as VTEC O157 positive and thereby 
represented around 40% of cattle herds in England and Wales 32.  
 
We were unable to identify any studies on a representative population comparable to the 
English and Welsh cattle population that would enable us to assess the validity of our 
findings. We found Campylobacter on 62.5% of the study farms and other studies have 
reported similar or even higher prevalence30, 35. However, some of these studies also 
included Campylobacter spp. other than C. jejuni and C. coli with less impact on human 
health in the prevalence estimate and are not directly comparable. All our study farms were 
VTEC O157 positive and it is unknown whether the VTEC O157 status introduced selection 
bias in our study. Campylobacter has different survival and infection mechanisms than 
Enterobactericeae such as E. coli and Salmonella 31. E. coli’s survival mechanisms and growth 
requirements are more similar to Salmonella than Campylobacter and we found no 
association between burden of VTEC O157 and Campylobacter presence in our study. 
Therefore, we consider any selection bias due to VTEC O157 status low or negligible. 
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In this study, we classified 62.5% of the study farms as C. jejuni and/or C. coli positive from 
4 to 6 samples per farm. The limited studies of Campylobacter in cattle left us unable to 
estimate the sensitivity of the methods to adjust samples sizes during the study design and 
adjust for a potential misclassification bias in the analyses. In the study design phase, we 
assumed a high proportion of positive samples within the sampled group, because of 
reported high individual animal prevalence at slaughter, high within flock prevalence 
reported in chicken flocks and because we sampled from one group of cattle with close 
contact 11, 19, 30. Surprisingly, we found a low proportion of positive samples (<50%) on the 
majority of the positive farms and in hindsight we acknowledge that positive farms might 
have gone undetected. False negative farms can have resulted in an underestimation of the 
strength of our reported associations. This potential misclassification was not considered 
differential, but because of the low proportion of positive samples within the groups, larger 
farms could have been more likely to be misclassified as false negatives. This could explain 
why herd size was not significantly associated with Campylobacter status, despite improving 
model fit.  
 
Risk behavior and practices might enhance the probability of Campylobacter shedding by 
either increasing the risk of introduction or sustaining the population of Campylobacter 
already present.  Sustaining Campylobacter within a herd could be accomplished by either 
increasing susceptibility of the animals, by increasing infectious contacts, by increasing 
excretion or by enhancing environmental survival. Our study identified management 
practices and farm characteristics which might affect all these pathways, but without 
knowing the exact biological mechanisms of Campylobacter in cattle, we acknowledge that 
our explanations are hypotheses that need more investigation.  
 
We identified private water sources, such as wells and boreholes as a risk factor for the 
cattle. Private water supplies usually pump up ground water to be used in the household or 
for the farm animals 33. Ground water is normally considered free of pathogens and is 
subsequently rarely treated. However, leaks in pipes and pumps serve as a potential 
mechanism for introduction of organisms such as Campylobacter into the herd. Furthermore, 
Campylobacter could survive longer in non-treated water standing in water troughs, by 
biofilm formation or in protozoa, increasing the probability of contact with susceptible hosts5, 

34. Waterborne human outbreaks are well documented from non-chlorinated water supplies 
or if the chlorination fails and are also believed to account for some of the untraced human 
cases6, 10, 16. However, Campylobacter in water often enter a non-culturable stress stage, 
which escapes traditional detection methods and might result in an unrecognized or 
underestimated contaminated source 2. Associations between drinking water source and C. 
jejuni in farm animals has also been identified by other authors and the importance of 
providing farm animals with drinking water of proper microbiological quality should not be 
neglected 1, 26, 27.  
 
Campylobacter’s ability to survive in the environment is well documented and isolation has 
been reported from beach sand, sewage and surface water amongst others, despite anti-
bacterial properties such as UV-light, dry conditions and fluctuating temperatures 26, 31. When 
the animals are housed indoors, these stress-inducing conditions for the bacteria are reduced 
and wet bedding, low hygiene and higher animal density potentially enhance survival of the 
bacteria 28, 31. The longer survival times of Campylobacter and the higher stocking density of 
cattle, which provide more agent-host contact, are plausible explanations for the increased 
risk associated with indoor housing.  
 
Young stock (3–18 months of age) on UK farms are generally managed extensively in groups 
with very little handling of the individual animal. Our sampling approach was targeted at 
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identifying group-level risk factors, because individual animal interventions are not feasible 
for the farmer and are thus, unlikely to be applied. It was surprising that the presence of 
dairy cattle on a farm increased the risk of Campylobacter in young stock, because beef and 
dairy cattle at the sampled age are usually managed in similar ways. The increased risk was 
only related to dairy cows, not the presence of suckler cows, suggesting that the risk was 
associated with management practices of dairy cows rather than with age or potential 
immune status. We failed to measure any association between Campylobacter status and the 
main cattle enterprise, which reflects the large proportion of mixed cattle farms in the UK.  
Presence of dairy cows could be a proxy for practices relating to milking such as the daily 
herding of dairy cows to the milking parlor, which causes increased movements of groups of 
animals compared to beef farms without dairy cows. The increased movements may cause 
frequent mixing of fecal material between cattle groups and can potentially enhance the 
transmission within the farm. The number of female animals in a dairy herd has previously 
been identified as a risk factor for Campylobacter excretion, which could have been a proxy 
for milking cows in their study 22.  
 
The effect of different feed components on bacterial excretion has been investigated 
particularly with E. coli O157, with the intention of recommending a pre-slaughter diet that 
will reduce shedding and hide contamination on the way to slaughter20. However, no 
consistent results are available and conflicting evidence regarding hay has been reported, 
such as hay having no effect on excretion of VTEC O157, but has also to be associated with 
reduced hide contamination 3, 29. We found that groups, which were fed hay, had an 
increased risk of Campylobacter. Probable explanations could be enhanced survival and 
multiplication in the gut and/or increased excretion of facial matter due to a fibre rich diet. 
The underlying mechanisms cannot be explained by our study and because the study was 
carried out at group-level, the attempt to interpret the results at animal level could result in 
an ecological fallacy.  
 
The identified associations between management factors and Campylobacter shedding were 
all strong with an odds ratio of >3. Weaker associations could have been disguised by our 
small sample size. Nevertheless, this study provided some new insight into the epidemiology 
of Campylobacter in cattle and highlighted farm characteristics and management practices, 
which potentially increase the risk of contaminating the environment with Campylobacter. 
More research is needed to confirm the underlying biological mechanisms for the risk factors 
identified in this study and to further explore the dynamics of Campylobacter within and 
between cattle and the environment. We also recommend that the relative importance of 
introduction and sustainability of Campylobacter in cattle herds is investigated further, before 
interventions to reduce Campylobacter in cattle can be designed and implemented. 

CONCLUSION 

This study established that some cattle farm characteristics and management practices are 
associated with isolating C. jejuni or C. coli from young cattle aged 3-17 months. A total of 
35 (62.2%) of our study farms were infected with Campylobacter and C. jejuni were more 
frequently isolated than C. coli. We identified five independent risk factors for Campylobacter 
in cattle: drinking water supplied by private water supplies, indoor housing, feeding hay, 
presence of dairy cows and presence of horses.  
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ABSTRACT 
 
Escherichia coli O157 and Campylobacter jejuni and Campylobacter coli are zoonotic 
pathogens originating from farm animals. Cattle are the main reservoir for E. coli O157 and 
also contribute to human cases of Campylobacteriosis through contaminated milk, direct 
contact and environmental contamination. Thirty groups of young cattle on 30 farms were 
observed for 7 months and sampled on 4–6 separate occasions for E. coli O157 and C. 
jejuni/coli to characterize shedding patterns and identify risk factors. The within herd 
prevalence of E. coli O157 per sampling occasion ranged from 0 to 60% (mean=24%) and 
average Campylobacter spp. within herd prevalence was 47% ranging from 0 to 100%. The 
prevalence of E. coli O157 positive herds declined with a linear trend throughout the study 
from 100% to 38% (OR: 0.5, p=0.01), whereas time in the study was not significantly 
Associated with Campylobacter prevalence (p=0.13). Larger herds were more likely to be 
positive with either or both agents, whereas the number of suckler calves on the farm 
reduced the risk of both organisms (OR: 0.4/0.6, p=0.01). Poultry on the premises reduced 
the risk of E. coli O157, but was not associated with Campylobacter. Emptying and cleaning 
the water-troughs more often than once monthly reduced the risk of detecting 
Campylobacter and cattle sourced by private water supplies were more likely to be 
Campylobacter positive. No drinking water management practices were associated with E. 
coli O157. The risk of detecting both organisms were almost five times higher when the 
cattle were housed indoor (OR: 4.9, p=0.03).  
 
INTRODUCTION 
 
Several zoonotic agents such as Escherichia coli O157, Campylobacter, Cryptosporidium spp., 
and Salmonella serovars can be carried by and multiply in the intestinal tracts of cattle, 
increasing the risk to public health3, 6, 28, 29. Cattle products, the environment and direct 
contact between cattle and humans are well-recognized transmission routes for these 
agents12, 17, 24, 25. Cattle are regarded as the main reservoir of E. coli O157 and 39% of all 
commercial cattle farms in England and Wales are estimated to be positive for the organism 
20. Campylobacter spp. are carried by a large proportion of asymptomatic cattle in England 
and Wales, but the role of cattle as a source for human Campylobacteriosis is not well 
explored8, 20. 
 
Because of the asymptomatic nature of E. coli O157 and Campylobacter infection in cattle, 
farmers often are unaware that animals present a risk to human health. Even when on-farm 
control is implemented, improvement cannot be observed or measured by the farmer and 
the farmer derives no direct economic gains or measurable benefits. Behavioural models 
indicate that these hurdles impact implementation of control practices negatively and thus 
result in poor reduction of zoonotic risk to humans2. Alternative incentives must be promoted 
to ensure implementation of a zoonotic control program. 
 
One way of promoting adoption of such programs could be to simplify the advice on how to 
control multiple zoonoses to enhance the perception of self-efficacy, which is known to be 
low in English and Welsh cattle farmers4. Cooperation could be obtained by recommending a 
control plan that can reduce several zoonotic agents simultaneously to minimize the work 
burden requested of farmers and optimize benefits obtained from inputs. Such a plan must 
include the knowledge of genus-specific evidence-based characteristics and risk factors, 
which can be combined to generate a general zoonotic control program. The reduction of 
several zoonotic agents by a few measures is likely to appeal to farmers because of the 
improved safety for family and staff on the farm achievable with a feasible additional 
workload.  
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The objectives of this study were (i) to characterize shedding patterns and individual risk 
factors for E. coli O157 and Campylobacter spp. in young cattle 6 to 24 months of age and 
(ii) to identify combined risk practices for the two zoonotic agents that can be targeted in a 
combined control plan.  

MATERIALS AND METHODS  

Study population 
Thirty cattle farms in England and Wales were randomly selected from a group of 57 E. coli 
O157–positive farms with more than 60 cattle each. The 57 farms had been identified for a 
different study, and details of the selection process have been described previously 6, 7. 
 
One group of at least 20 cattle 5 to 18 months of age (young stock) was monitored on each 
farm and faecal samples were collected every 4 to 8 weeks. The first visit was carried out in 
August 2003, and the final visit occurred 10 months later in June 2004. The groups were 
monitored for an average of 6.8 months (range, 4.5 to 8 months).  

Sampling  
At each sampling visit, 20 fresh faecal pats were collected from the enclosure(s) of the 
monitored cattle groups. To ensure that the samples represented the whole group, the 
enclosure was visually divided into five equal areas, and four samples were collected based 
on a compass-like approach radiating from the centre of each area. When the group was 
housed in multiple enclosures, the number of samples collected in each enclosure was 
proportional to the number of animals in each enclosure, still yielding a total of 20 samples.  

Data collection 
Information about the farm and the monitored cattle group was collected at each visit using 
standardized questionnaires and forms (available on request) to evaluate farm 
characteristics: herd size, main enterprise, type of cattle present, and presence of other 
animal species. Characteristics of the monitored group were defined by number of animals in 
the group, average age, age range (maximum to minimum), and housing (indoor or 
outdoor) at each visit. General management practices were also recorded: buying in animals, 
use of quarantine for newly acquired cattle, cleaning and disinfection of pens between 
groups of young stock, frequency of routine emptying and cleaning of water troughs, 
dryness of bedding on the day of the visit (1, dry and clean; 5, wet and slippery or dirty)7, 
drinking water supply (private or public), and whether the cattle in the herd had physical 
contact with animals from other herds. Presence of Coccidia spp. and ringworm was also 
recorded, and these data were used as exposure variables to assess general health status of 
the cattle. For ringworm, a visual assessment was undertaken and recorded as the number 
of animals in the monitored group affected, and the variable was tested both as a 
continuous variable (percentage of affected animals in the group) and binary variable 
(presence or absence of affected animals). Coccidia status was determined using a modified 
McMaster method combined with microscopy; the group was classified as positive for 
Coccidia when one or more oocysts were detected in at least one sample.  

Detection of E. coli O157  
One gram of feces from each sample was examined for the presence of E. coli O157 using a 
peptone buffered enrichment followed by immunomagnetic bead separation (Dynal Biotech, 
Oslo, Norway). After separation, 50 μl of culture was plated onto sorbitol MacConkey agar 
containing cefixime and tellurite and incubated for 24 h at 18˚C. Colonies that did not 
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ferment sorbitol were confirmed as E. coli O157 by latex agglutination test (Oxoid, 
Basingstoke, UK). Colonies from visit 1 were further characterized using PCR to detect the 
genes vtx1 26 and vtx2 13, and the amplicons were separated by electrophoresis.  
 
The specificity of the immunomagnetic bead separation and latex slide agglutination to 
correctly and exclusively identify E. coli serotype O157 was very high at the first visit (92.5% 
at the strain level and 96.7% at the farm level), and isolates from visits 2 through 6 were 
not confirmed beyond the latex slide agglutination test.  

Detection and characterization of Campylobacter  
A total of 745 samples from visits 2 through 6 were analyzed for the presence of 
Campylobacter spp. This group comprised four samples (every fifth in numerical order) from 
visits 2 & 3 and ten samples (every second in numerical order) from the fourth and last 
visits.  
 
The samples were enriched in 10 ml of Bolton broth for 48 h under a normal atmosphere 
and then subcultured onto modified charcoal-cefoperazone-desoxycholate agar plates and 
incubated at 37˚C in microaerobic atmosphere for 48 h. Presumptive Campylobacter strains 
were Gram stained, and curved gram-negative rods were subcultured onto blood agar plates. 
Strains were classified as human pathogenic Campylobacter by PCR, applying the species-
specific primers for Campylobacter jejuni and Campylobacter coli 10.  

Statistical analysis 
Farm and cattle group characteristics and management practices were described at the farm 
level. The microbiological results for each sample were transformed into binary variables for 
each visit, and the outcome of interest was the E. coli O157 and Campylobacter status of the 
visit. Univariate logistic regression models were used to assess whether the farm and group 
characteristics and management practices were potentially associated with either of the 
outcomes at each visit. Variables with a p-value of <0.25 were included in the multivariate 
logistic regression models. The multivariate logistic regression models included farm as a 
random effect to adjust for clustering and were built using a backward stepwise approach 
until all exposures in the models were significant (p<0.05). The strength of the associations 
was reported as the odds ratio (OR), where an OR of >1 describes an increased risk of the 
zoonotic agent when the practices are carried out, and the larger the value, the higher the 
risk. An OR of >1 indicates a protective effect of the practice. When the value 1 was 
included in the confidence interval, the p-value was >0.05 and the effect was nonsignificant. 
All continuous and ordinal categorical variables, which were included in the initial 
multivariate model, were assessed as both linear and factor effects by likelihood ratio 
testing, and when no statistical difference was identified, the simplest form (linear) was 
favoured. Time parameters (visit number, month, minimum age, maximum age, and average 
age) were evaluated in univariate logistic regression models, and when several of these 
parameters were associated with the outcomes, only time parameter with the strongest 
association was included in the model to avoid colinearity. For strict interpretation, the visit 
number variable was used as a continuous variable as time in study or time since the 
beginning of study, because all time variables overlap to capture underlying times such as 
maturing of animals and calendar time. When no time parameter was associated at p<0.25, 
the time variable with the lowest p-value was kept in the model throughout the stepwise 
exclusion. When the final model was identified, likelihood ratio tests were used to assess 
whether the time variable made a significant difference to the model. If not, the time 
variable was dropped. Interactions between biologically plausible variables in the final 
models were tested and kept as interaction functions only if they improved the fit of the 
model by more than 30%. Model fit was measured using Pearson Χ2-tests, where p<0.05 
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indicates a poor model fit. All descriptive and association analyses were carried out using 
Intercooled Stata 10.0 (StataCorp LP, College Station, TX)  

RESULTS 

Study population 
The 30 farms were located in various places in England and Wales (Fig. 1).  
 

 
Figure 1. Location of 30 cattle farms monitored for E. coli O157 and Campylobacter spp. 
 
Dairy farming was the main cattle enterprise in 25 of the farms, and 10 of these also reared 
beef cattle. Beef cattle were the main products on five farms, with two of these farms 
produced mainly suckler calves, two others reared mainly fattening cattle, and one farm 
allocated production equally to suckler and fattening cattle. The average herd size was 295 
cattle (median=259; range, 88 to 603), with dairy farms tending to have more cattle (300 on 
average) than beef farms (270 on average), although this difference was not significant 
(p=0.62). Eight of the farms reported having sheep on the premises, six kept poultry, and 
eight kept horses, but only one farm kept all three species in addition to the cattle. Dairy and 
beef farms were equally likely to keep other animals species on the premises. The majority 
of farms claimed to keep closed herds, and only five reported the purchase of cattle from the 
outside and then only directly from other farms. Four of these farms used some kind of 
quarantine facility for new animals; however, the details of these practices were not 
examined or verified. Five farmers allowed their cattle to have contact with other cattle. The 
monitored groups had an average of 50 cattle (range: 30 to 105). At enrolment, the average 
minimum age of the animals in these groups was 5 months (range: 1 to 12 months). Within 
the groups, the mean age was 6.5 months, (range: 3 to 17 months). On 23 of the farms, the 
monitored groups were housed indoors at every visit. Ringworm was observed in 14 of the 
monitored groups at least once during the study, and these groups were larger (mean=52 
cattle) than those in which animals did not have ringworm (mean=44 cattle). Coccidia spp. 
were isolated from cattle in 14 of the monitored groups, but no symptoms were recorded. 
No clinical signs of disease were observed at the study visits. Straw was provided for 15 of 
the monitored groups all through the study, and another 9 farms provided straw as feed 
more than 50% of the study time. Seven farmers emptied and cleaned their water troughs at 
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least monthly, some more frequently, and only two farmers had cleaned and disinfected the 
pens before housing the monitored group.  

E. coli O157  
A total of 3,152 samples were collected and tested for E. coli O157 and 23.9% (753) of 
these samples were positive. The proportion of positive samples dropped from 37.7% (visit 
1) to 8.9% (visit 6) during the period of monitoring, and the number of positive farms also 
declined by visit from 100% to 38% (Fig. 2). The largest proportion of positive samples was 
detected in August, September, and October, with a dip in prevalence in May and June (Fig. 
2). The association of number of visits (p=0.001) with the prevalence E. coli O157 was 
stronger than the effect of month (p=0.711) or any age variable; thus, visit was included as 
a time variable.  
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Figure 2. Prevalence of cattle herds positive for E. coli 157 and Campylobacter spp. overtime (n =30). 

E. coli O157 strain characterization at visit 1  
Presumptive E. coli O157 isolates were detected in 37.7% of the samples at the first visit, 
and 91.2% of the isolates were confirmed as E. coli O157 by somatic antigen serotyping. Of 
103 confirmed isolates, 8.6% did not harbour any verotoxin (vtx) genes, 1% had only vt1 
genes, 60.0% had only vt2 genes, and 30.5% harboured both vtx1 and vtx2 genes. All 
strains with verotoxin genes also had eae genes. The verotoxin profiles were clustered within 
the groups, and in 80% (24) of the groups only one verotoxin profile was detected. On 16 
farms, all isolates carried vtx2 genes only, and on 8 farms only isolates harbouring both 
verotoxin genes were detected. On the remaining farms, a mixture of the two patterns was 
found. Verotoxin-negative E. coli O157 isolates were detected together with vtx2 isolates on 
two farms, and isolates harbouring both verotoxin genes and isolates that were negative for 
verotoxin were detected on one farm. One vtx1-positive, vtx2-negative strain was found on a 
farm that also had strains harbouring both genes. Two farms had no confirmed isolates but 
were kept in the study because verotoxigenic E. coli O157 had been confirmed previously on 
the farms and verotoxigenic E. coli O157 was confirmed at the second sampling visits for 
both farms.  

Campylobacter spp.  
Human pathogenic Campylobacter strains were detected in 182 of the 745 samples; C. jejuni 
was isolated from 87.4% of the positive samples, and C. coli was isolated from 14.8%, with 
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4 samples harbouring both species. The average proportion of positive samples at each visit 
was 47.0% (range: 0 to 100%), and the proportion of positive farms at each visit ranged 
from 53.3 to 81.8% (Fig. 2).  
 
From a total of 68 (66%) of the 105 visits during which samples were collected for 
Campylobacter examination, the samples collected were positive for Campylobacter on 28 
farms. Only eight farms were persistently positive, and the remaining 20 farms were 
intermittently positive or negative. C. jejuni was isolated from every positive farm at least 
once and was the only species isolated on 22 of the 30 farms. C. coli was present on six 
farms and only in combination with C. jejuni.  

Coexistence patterns 
On 18 sampling occasions for 13 groups, samples were negative for both Campylobacter and 
E. coli O157. The combination of E. coli O157 and Campylobacter was found in 21 groups, 
and in 11 of these the combination was detected more than once. On six farms, the 
combination was found in samples collected on three or four visits, suggesting that some of 
these groups could have remained positive for both pathogens for up to 6.5 months. Only 
one group was persistently infected with both pathogens throughout the study. E. coli O157 
risk factors.  

E. coli risk factors 
A total of nine variables (contact with other herds, housing, herd size, visit, number of dairy 
cattle on farm, number of suckler calves on farm, emptying and cleaning of water troughs 
more often than monthly, main enterprise, and ringworm-affected animals in the group) 
were potentially associated with visits during which E. coli O157-positive samples were 
obtained, and these variables were included in the initial full model. After adjustment, the 
multilevel multivariate model revealed that larger herds were more at risk of E. coli O157 
infection (Table 1). The presence of poultry and number of suckler calves were associated 
with a decrease in risk, and a linear trend of decreasing risk per visit was also identified.  
 
Table 1. Farm characteristics and practices associated with the presence of E. coli O157 and C. jejuni 
or C. coli on cattle farms at sampling visits  

Dependent variable Predictive variable OR (95% CI) p- value, 
(logistic model) 

E. coli O157 Visit number 0.50 (0.36–0.69) <0.01 
 Herd size (per 10 animals) 1.16 (1.10–1.34)   0.02 
 Presence of suckler calves 0.27 (0.11–0.62) <0.01 
 Presence of poultry 0.37 (0.15–0.88)   0.03 
 Goodness of fit (Pearson Χ2)  0.223, df = 157 
Campylobacter Visit number 1.46 (0.90–2.37)   0.13 
 Herd size (per 10 animals) 2.00 (1.31–3.10) <0.01 
 Presence of suckler calves 0.61 (0.47–0.80) <0.01 
 Empty water troughs ≥monthly 0.16 (0.06–0.42) <0.01 
 Private water supply 3.29 (1.22–8.82)   0.02 
 Goodness of fit (Pearson Χ2)  0.284, df = 99 
E. coli O157  Visit number 1.16 (0.76–1.77)   0.48 
and Campylobacter Herd size (per 10 animals) 1.90 (1.25–2.89) <0.01 
 Presence of suckler calves 0.40 (0.25–0.62) <0.01 
 Indoor housing 4.90 (1.15–20.8)   0.03 
 Goodness of fit (Pearson Χ2)   0.690, df = 99 

Campylobacter risk factors 
Herd size, month, number of dairy cattle, number of suckler calves, contact with cattle from 
other herds, housing, emptying and cleaning of water troughs more often than monthly, 
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presence of ringworm, drinking water supply, and main enterprise were the variables 
included in the initial Campylobacter model. After the stepwise exclusion, water trough 
hygiene was associated with Campylobacter excretion, revealing that emptying and cleaning 
the water troughs more frequently than monthly strongly reduced the risk of Campylobacter 
infection (Table 1). The number of suckler calves present on the farm also reduced the risk. 
The risk increased with larger herds and when the drinking water originated from a private 
water supply rather than a public one. Visit was used to account for time and was forced into 
the model to improve the fit (p-value increased from 0.06 to 0.284) but was not significantly 
associated with the outcome.  

Common risk factors 
The initial model consisted of herd size, number of dairy cattle, number of suckler calves, 
presence of sheep, presence of poultry, housing, access to straw, and visit as a time 
indicator. Only visit, herd size, indoor housing, and number of suckler calves remained in the 
final model (Table 1). Young stock were almost five times more likely to be positive for E. 
coli O157 and Campylobacter when these animals were housed indoors instead of outdoors 
at the time of sampling. Presence of suckler calves reduced the risk and herd size increased 
the risk of carrying both zoonotic organisms, as observed in the individual models. Visit 
improved the model fit and was again forced into the model to account for time. However, 
no evidence of direct association of this variable with the outcome was observed.  

DISCUSSION  
 
E. coli O157 did not appear to be seasonal or associated with any particular month, and the 
strongest temporal pattern was associated with visit. The effect of visit may be a proxy 
indicator for any of several time effects. The risk of E. coli O157 infection decreases as the 
young stock get older, and the high-risk period is between 3 and 18 months of age 20. 
Because we sampled at the group level, it was not possible to adjust for exact age at 
sampling, but the visit variable may have captured the maturing of the animals as the study 
progressed. The same visit was carried out in 3-month blocks, and despite overlaps, the visit 
number variable may also have captured some potentially underlying seasonal effects. 
Nevertheless, a convincing seasonal pattern of E. coli O157 excretion in Great Britain has not 
been reported by any statistically sound and representative studies, and because the length 
of the monitoring period was less than 2 years, we were not able to directly investigate 
seasonality 6, 11, 21. No deliberate changes in husbandry practices were adopted by the 
farmers during participation in the study, and sampling visits were purely observational. 
However, the awareness created by participation may have triggered unmeasurable changes 
in practices, resulting in a Hawthorn effect 9. This effect would have increased over time, and 
this effect may have been reflected in the visit number variable.  
 
The specificity of latex agglutination tests to identify E. coli O157 was estimated as 91.2%, 
and the high proportion of verotoxin gene carriage in E. coli O157 in this study (91.4%) is 
consistent with that reported by other researchers 21, 27. Abandonment of the confirmatory 
test after visit 1 may have introduced a slight misclassification, and some of the strains 
isolated may not have been positive for the verotoxin genes. However, the risk of 
misclassification of the farm status at each visit was reduced by the aggregate approach of 
testing 20 samples to obtain farm status, and the risk of misclassification at the farm level 
due to the imperfect test was considered negligible. The presence of poultry on the farm 
appeared as a protective husbandry practice for E. coli O157 infection. This effect was not 
intuitively easy to interpret and was considered a proxy predictor for something else that we 
did not measure. Farms that keep multiple species of animals may have had different 
biosecurity measures or barriers in place than those used on farms that only reared one type 
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of animal. In the United Kingdom, some poultry companies have strict biosecurity 
regulations, and it is likely that some farmers inadvertently applied some of these principles 
to the cattle operation, thus reducing the incidence of E. coli O157 infection.  
 
Campylobacter status was not associated with visit number, which suggests that the change 
from 4 to 10 samples after visit 3 did not introduce significant misclassification. The lack of 
association between visit number and Campylobacter isolation suggested that Campylobacter 
were less persistent and less associated with a particular farm or groups of animals than 
were E. coli O157 strains. Unfortunately, our level of strain characterization did not allow us 
to investigate this hypothesis, but other authors have suggested that Campylobacter strains 
are widely spread in the environment of cattle and that introduction of new strains 
continuously occurs15, 29.  
 
Improved water trough hygiene was identified as a potential control measure against 
Campylobacter infection, suggesting that dirty standing water in water troughs may act as a 
reservoir for persistent reinfection within a group of cattle. This hypothesis is further 
supported by result of a study in which the use of individual waterers decreased the risk in 
cattle and the results of other studies highlighting the importance of providing farm animals 
with clean drinking water16, 18, 29. The occurrence and transmission of Campylobacter spp. 
through water is well known, albeit little is known about the original source of the 
Campylobacter transmitted through the water1, 15, 19. The private water supply water, which 
is rarely disinfected before use, could be a source of continuous reintroduction of 
Campylobacter strains into a herd or may enhance survival of Campylobacter because of the 
lack of disinfectant in the standing water troughs16. It is not clear whether water-stressed 
organisms can cause infection, but human outbreaks from water sources occur frequently22, 

23. Our study also revealed that larger herds had a higher risk of shedding Campylobacter 
spp., as has been reported previously29.  
 
All three models identified the presence of suckler calves as protective against the zoonotic 
agents. Suckler calves and cows are outside the high-risk age group for E. coli O157 
infection, and the presence of many less susceptible animals may have resulted a lower 
prevalence of E. coli on the farm and thus fewer organisms for reinfection20. Campylobacter 
also was detected significantly less often on farms that stocked suckler calves. Very little is 
known about the epidemiology of Campylobacter in cattle, but in a previous study we found 
that the presence of dairy cows increased the risk of detecting Campylobacter in the young 
stock and was potentially associated with milking practices5. The combination of stocking 
both suckler cows and milking cows is less common in the United Kingdom than stocking 
fattening cattle with a dairy herd, and we may have picked up the protective effect of 
sucklers rather than the risk of milking in our previous study. However, we did not find a risk 
associated with dairy cows in this study, and the exact mechanism underlying this 
association between suckler calves and Campylobacter remains unexplained.  
 
To some degree, our combined model reflected the results from the other models, which 
also identified the associations with both herd size and suckler calves. However, the 
combined model also revealed that animals housed indoors are more likely to be infected 
with both organisms but not with the individual organisms. Water hygiene and water source 
was no longer a risk factor because it was associated with only Campylobacter and appeared 
to have no effect on E. coli O1577. Likewise, the effect of poultry disappeared because it was 
not associated with Campylobacter. However because these factors were associated with 
only one of the organisms, the strength of the associations may have been reduced below 
the detection limited associated with our relatively small sample size.  
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Most current recommendations and control points target one agent at a time, bombarding 
farmers with advice and requests for adoption of multiple measures with one outcome. This 
approach is likely to create an information overload, which can lead to the perception that 
control of zoonotic agents is unrealistic, confusing, and complicated. Behavioural models 
recognize that the uptake of evidence leading to behaviour change (in this case 
implementation of a control measure) is influenced by multiple factors, of which a very 
important one is the belief in self-efficacy as one’s perceived ability to execute the behaviour 
without difficulty2. This effect is well established in human medicine, where smoking and 
exercise as control measures are perceived as more difficult than taking a pill and thus have 
lower compliance rates14. The lack of multiple-agent control advice inhibits acceptance and 
implementation of control measures on cattle farms, leading to lack of reduction in risk to 
human health. More multi-agent research is needed to identify mutual control points for 
several pathogens to facilitate implementation of pathogen control recommendations on 
farms.  
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ABSTRACT  
 
We conducted a cross-sectional study on 255 cattle farms in England and Wales to identify 
risk factors for verocytotoxin-producing E. coli O157 (VTEC). Exposure variables were 
collected at the levels of the farm and of the group of young-stock within the farms. On each 
farm a group of young-stock (6–18 months of age) was sampled to establish VTEC status. In 
our multiple logistic regression model, farm VTEC status was associated with access to 
springs (OR: 0.3, CI95%: 0.14, 0.78) and assessing the wetness of the bedding material less 
frequently than daily (OR: 4.4 CI95%: 1.8, 10.7). At group-level we found no associated risk 
factors for animals housed outdoors in fields. Significant for groups housed in pens were wet 
bedding (wet OR: 3.4, CI95%: 1.3, 9.4/ very wet OR: 4.2, CI95%: 1.2, 14.6), number of 
animals in the group (10–15 OR: 2.7, CI95%: 0.75, 9.9 / 16–24, OR: 3.8,CI95%: 1.2, 12.3 /  
>25 OR: 3.8, CI95%: 1.1, 12.7) and feeding straw (OR: 2.4, CI95%: 1.2, 5.5). 

INTRODUCTION 
 
Human exposure to verocytotoxin-producing Escherichia coli O157 (VTEC) is a public health 
concern. In the UK, the main reservoir of VTEC is cattle, especially young-stock 3-24 months 
old, which shed the agent via faeces and saliva17. Exposure can occur through contaminated 
food or via direct contact with infected animals or contact with a contaminated environment 
or via person-to-person spread7, 13. In 1997, legislation was introduced to prevent dirty cattle 
from entering slaughterhouses in England and Wales to reduce the risk of cross 
contamination from hides to meat and thus, reduce transmission of VTEC through meat5. 
However, the prevalence of human outbreaks traced to surface water, direct contact with 
farm animals or contaminated fields is increasing and interventions need to be implemented 
at farm-level to reduce human cases infected from these sources12, 13, 16, 24. In England and 
Wales commercial young cattle are managed and kept in groups and to increase probability 
of uptake, farm practices that might control VTEC need to be applied to groups rather than 
individual animals. Furthermore, VTEC shedding by individual animals is intermittent and the 
agent appears to recycle and survive within a group of animals rather than persist as a life-
long infection of one individual1, 14, 15, 19. To date most studies have identified risk factors 
(such as biosecurity, housing, age, breed, season, feeds and other animals) for individual 
animals, but these studies might not provide powerful information on the group or farm-
level, because the animals often originate from a small number of farms20, 25.  
 
Our objective was to investigate management risk factors of VTEC status on cattle farms and 
on the group level of young-stock with the long-term aim of recommending farming 
practices that might reduce VTEC in cattle. The study was carried out as a screening survey 
to identify and enrol VTEC-positive farms in a future intervention study 3.  

MATERIALS AND METHODS  

Farm selection  
Farms were selected through the Veterinary Laboratory Agency’s network of Regional 
Laboratories (rl) representing most regions of England and Wales. A Veterinary Investigation 
Officer (VIO) at each rl was supplied with a list of the 10 private veterinary practices (pvp) 
that had submitted the greatest number of bovine samples to the rl within the previous 12 
months. The pvp were approached by the VIO, who explained the proposed study and asked 
for permission to contact and seek to enrol their clients, who had submitted samples. Each 
pvp was also asked to suggest other clients whom the pvp anticipated might be willing to 
participate in the study. A telephone questionnaire was completed by a VIO to assess the 
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farms eligibility and willingness to participate in the study. Farms were excluded if they had: 
(i) <60 cattle; (ii) <20 young-stock of <24 months old; (iii) main enterprise was production 
of cattle for sale to other farms; (iv) members of the public visiting (i.e. an open farm); (v) a 
bed-and-breakfast enterprise on the premises or (vi) if they sold unpasteurised milk. 
Exclusions (i) and (ii) were excluded, because positive farms would be invited to participate 
in an intervention study for which larger farms were needed. (iii–vi) were excluded to avoid 
economic and ethical consequences should VTEC be detected in these enterprises. 
 
With 255 cattle farms enrolled, the study yielded a power of 96% to detect an odds ratio 
(OR) of 1.2 with a 95% confidence assuming a ratio of exposed/unexposed of 1:2. Because 
multiple exposures were examined a precise ratio of exposed and non-exposed was 
unattainable. However, the large power was selected to create a sample size that would 
allow adjustment for variation in the exposure ratio and for variables with multiple 
categories. 

Sample and data collection  
Farms were visited and sampled once by trained staff between August and December 2003. 
At each farm, a total of 20 fresh faecal samples were collected off the ground of enclosures 
containing groups of weaned young-stock (3–18 months of age). If the young-stock were 
housed in several pens or fields, the number of samples was divided amongst all enclosures 
according to the proportion of young-stock in each. The 20 samples from one farm were 
interpreted as an aggregate-testing scheme and the farm was classified as positive if one of 
the samples were positive. This approach was considered to have a herd-level sensitivity of 
83% assuming a 77% sensitivity of individual floor-pat sampling 21. 
 
Two questionnaires were completed at the sampling visit in discussion with the farmer to 
obtain information on exposure levels to potential risk factors. One questionnaire was 
designed to obtain farm-level information on cattle purchase, quarantine procedures, grazing 
and housing, water sources and general hygiene procedures (Tables 1–3). The other 
questionnaire was designed to obtain information on the management practices and specific 
details (age, number of animals, etc.) for the group of young-stock that was sampled. Both 
questionnaires were a slightly revised version adopted from a previous study for which they 
had been trialled and used 9. Most of the questions were closed to avoid ambiguous or 
lengthy answers and both the farmer and the interviewer/sampler were unaware of the 
VTEC status of the farm at the time of the interview.  
 
Some parameters regarding the group of sampled young-stock were rated by the sampler 
whilst collecting the samples. The wetness of the bedding (‘the squelch-score’) was assessed 
on a scale from 1–5 for each enclosure sampled; a score of 1 meant very dry and a score of 
5 meant very slippery 8. The colour (1 = very pale, 5 = very dark) and consistency of the 
faeces (1 = very dry, 5 = liquid) collected was also scored for each faecal pat sampled 19. 
The median hide cleanliness of the group of sampled calves was rated using the Meat 
Hygiene Service Hygiene Assessment Score, where only animals with cleanliness scores of 1 
or 2 are allowed for slaughter in UK abattoirs5. A score of 1 was very clean and 5 was heavily 
soiled. In the analysis the median score of five animals in each group was used as a group 
cleanliness score. The five animals were selected by location in the enclosure, where one 
animal near each corner and one in the middle was chosen for scoring by the sampler 
independently of cleanliness. The number 5 per group was based on logistic consideration of 
available time rather than mathematical calculations of sensitivity.  
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Samplers were given a 1-day training course to ensure that the physical parameters were 
scored in a consistent way; samplers were supplied with a pictorial description of faecal 
colour and consistency.  
 
The faecal samples were stored on ice at collection and transported to the nearest VLA rl. 
Culture and identification of E. coli O157 was undertaken using immuno-magnetic separation 
(IMS) and culture on sorbitol McConkey agar containing cefixime and tellurite as previously 
described 17. Putative VTEC O157 colonies were identified by latex agglutination and 
confirmed by serum agglutination for 0157 antigens, after which we used a polymerase 
chain reaction to detect the presence of verocytotoxin-producing genes vt1 and vt2 and 
attaching and effacing gene: eae 17. A farm or group was considered VTEC O157 positive, if 
at least one isolate of E. coli O157 contained eae-genes and either one or both vtx-genes.  

Data analysis  
The results from the questionnaires and laboratory analyses were entered into a Microsoft 
Access 97® (Microsoft Corporation, Redmond, WA) database by a clerk and a visual quality 
check was performed on the entered data. The RAND function in Microsoft Excel was used to 
randomly give each form a reference number and then the 10% of forms with the lowest 
numbers were selected for a 100% visual check and the error risk was 0.27%. Outlying and 
non-plausible values were checked against the original questionnaires and if needed traced 
back to the farm for confirmation. 
 
Separate analyses were carried out for farm-level exposures and for exposures relating to 
the specific groups tested. Univariable analyses were performed to investigate the crude 
association between the presence of VTEC and farm and group-level exposures to identify 
variables to include in multivariable models. All variables with a p<0.25 in the univariable 
analysis were tested for collinearity, before included in a multivariable logistic-regression 
model. Initially, a full logistic regression model, containing all variables selected in the 
univariable analysis, was constructed. Backwards stepwise elimination of non-significant 
variables (p<0.05, Wald’s test), using likelihood-ratio tests for comparison of nested tables, 
was carried out to build the best-fit final model consisting only of significant variables. 
Possible confounders were included in the model if they were either (1) associated with both 
the explanatory variable and the outcome, (2) biologically meaningful as confounders or (3) 
if they caused a biologically important change in the OR of the risk factor when included in 
the model 2. Typically, changes in the OR of greater than 30% were considered to indicate 
confounding. Potential two-way interactions and collinearity between the variables in the 
final model were investigated. Collinearity among predictor variables was assessed by 
examining variance inflation factors (VIFs) following. VIFs>10 were considered to be 
evidence of strong collinearity2. Additionally any observed inflation of the standard errors of 
the coefficients during final model fitting was investigated. A multilevel approach was not 
used because only one or two groups were sampled on most (87%) of farms. The group-
level dataset was stratified into groups housed in pens and groups kept in fields, because 
many exposures were strongly associated with housing arrangements (e.g. bedding variables 
and stocking density). We built logistic-regression models as described above and the final 
variables in the final model were investigated for potential interaction and collinearity as 
described above. All analyses were carried out using Intercooled Stata 8.0 (Stata 
Corporation, College Station, TX). 
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RESULTS 
A total of 321 (81%) of the 411 farms contacted initially were eligible to participate and 255 
farms were enrolled in the study. The remaining 76 (24%) farms were unwilling to 
participate due to lack of interest, time or staff availability.   
 
Table 1. Description of farm-level management practices and VTEC O157 status for young-stock on 
255 cattle farms in England and Wales 
 

Variable Exposure level Na % VTEC positive 
farms  

Total cattle on farm  60–176 59 27 
 177–260 62 32 
 261–369  59 29 
 370–1300  60 35 

Type of cattle on farm   Dairy 216 31 
 Suckler calves 57 32 
 Fattener 95 34 
 Breeding bulls 10 30 

Source of cattle in the last 12 months   Market/auction 78 30 
 Private farm 108 32 
 Dealer  12 50 
 Leasing  5 31 
 Closed farms  109 32 

Quarantine of all in brought cattle  No  102 35 
 Yes  43 28 
 Some  20 20 

Minimum length of quarantine (days)  <7  16 19 
 7–13  19 16 
 14–28  20 20 
 >28  9 56 

Test new cattle for diseases other than VTEC No  228 31 
 Yes  27 33 

Contact between farms stock and neighbouring farms in  Yes  79 28 
the last 2 months Unknown  10 40 
 No  166 33 

Horsesb  Present  58 43 
 Absent  22 28 

Pigs  Present  6 83 
 Absent 249 68 

Sheep  Present  79 29 
 Absent  176 32 

Poultry  Present  37 35 
 Absent  218 31 
a Missing values are omitted. b p-Value < 0.25 and included in the multivariable model. 

 
 
The median herd size was 240 [range: 62–1300] and most sampling visits (91%) were in 
September and October 2003. A total of 42.7% of the farmers reported maintaining a closed 
herd (i.e. not introducing cattle from outside the farm).  
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Table 2. Field management of young-stock at farm-level on 255 cattle farms in England and Wales 
and the VTEC O157 status 
 

Variable Exposure 
Level Na  % VTEC 

positive farms 
Spread manure/slurry/dirty water on cattle grazing land No 39 28 
 Yes 212 31 

Time from spread of manure to grazing <2 weeks 
2 - 8 weeks 
>8 weeks 

16
67
85

38 
33 
31 

Time from spread of slurry to grazing <2 weeks 
2 - 8 weeks 
>8 weeks 

12
80
66

33 
31 
26 

Time from spread of dirty water to grazing <2 weeks 
2 - 8 weeks 
>8 weeks 

59
90
33

36 
27 
30 

Water sources present in cattle grazing fields Mains 
Borehole 

201
87

33 
26 

 Well 37 32 
 River 139 30 
 Lake 27 33 
 Drains 40 38 
 Springs 59 19 

Presence of water sources shared with other farms  No 162 34 
 Yes 88 26 

Presence of spring in cattle grazing field No 196 35 
 Yes 59 81 

Grazing land used for other ruminants No 109 30 
 Yes 138 31 

Sheep co-graze with cattle No 82 32 
 Yes 56 30 
a Missing values are omitted 

 
 
Table 4. Physical measures used to classify sample condition and enclosure hygiene of young-stock on 
255 cattle farms in England and Wales and their VTEC O157 status  
 

Scored factor VTEC O157 
status 

Minimum 
score 

Median 
score 

Maximum 
score 

Muck  Positive 1 2 3 
 Negative 1 2 4 

Faecal consistency Positive 1 3 4 
 Negative 1 3 5 

Faecal coloura Positive 2 4 5 
 Negative 3 4 5 

Bedding squelcha Positive 1 2 5 
 negative 1 2 4 
a Included in multivariable model for groups of young-stock housed indoors 

 
 

 
At least one VTEC-positive sample was isolated from 87 (32%) of the 255 farms. The VTEC 
status was not associated with production type on farm (p=0.78) or with whether the herds 
were open or closed (p=0.88). The distributions of other management practices in the study 
cohort are presented in Tables 1–5 along with the percentage classified as VTEC-positive 
farms. 
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Table 3. Indoor hygiene-practices in young-stock group-management on 255 cattle farms in England 
and Wales and their VTEC O157 status 
 

Variable Exposure Level Nb 

 % of N, 
VTEC-
positive 
farms  

Boot dips outside pens No 242  31 
 Yes 7  29 
     

Protective clothing used on the farm No 134  32 
 Yes 110  27 
     

Enclosure designated overcoatsa No 224  32 
 Yes 16  13 

Ringworm observed in the last year No/Unsure 106  26 
 Yes 139  35 

Frequency of assessing the wetness of bedding Daily 192  28 
 Less than daily 26  62 
     

Frequency of bedding down young-stocka Daily 131  25 
 Every other day 59  34 
 Twice a week or less 56  41 
     

Straw type used for beddinga Long 191  33 
 Chopped 15  27 
 Both 36  28 
     

 Barley 74  41 
 Wheat 58  23 
 Mixed straw 110  31 
     

Water source  Treated mains 183  33 
 Borehole 77  27 
 Well 31  32 
 River 13  15 
 Lake 2    0 
 Drain 4  50 
 Spring 22  32 
     

Location of water trough in enclosure Front 131  31 
 Middle 37  27 
 Back 120  34 
     

Presence of raised water troughs No 209  33 
 Yes 22  23 

     

Frequency of cleaning water troughsa More than monthly 28  18 
 1-6 Months 48  31 
 > 6 Months 152  35 

     

Frequency of emptying water troughs Weekly 14  14 
 > Weekly 224  31 

     

Feeding practices Floor 45  29 
 Buckets 34  32 
 Built in troughs 202  32 

     

Clear old food away before feeding No 18  33 
 Yes 205  31 
a Missing values are omitted p-Value < 0.25 and included in the multivariable model. 
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Table 5 Distribution and univariable associations of group-level exposures and VTEC O157 status in 
young-stock 

INDOOR OUTDOOR 
Variable Exposure 

Level Nc  
% VTEC-
positive 
farms 

Nc  
% VTEC-
positive 
farms 

Age of cattle indoor (quartiles) (months)a 2-4 mo 47  28 -  - 
 5-6 mo 37  38 -  - 
 7-10 mo 39  33 -  - 
 >10 28  14 -  - 

Age of cattle outdoors (quartiles) (months) <8 -  - 49  16 
 8-11 -  - 41  17 
 12-14 -  - 47  19 
 >14 -  - 43  14 

Number of animals in group quartiles (indoor)a  <10 35  14 -  - 
 10-15 28  29 -  - 
 16-24 51  33 -  - 
 >25 37  38 -  - 

Number of animals in groups (quartiles) (outdoors) <12 -  - 49    6 
 12-20 -  - 44  18 
 21-30 -  - 46  17 
 >30 -  - 38  24 
        
Animal density indoors (quartiles) (m2) <3 31  32 -  - 
 3-6 39  26 -  - 
 6.1-10 33  39 -  - 
 >10  36  24 -  - 

Animal density outdoors (quartiles) (m2)b <6 -  - 49    6 
 6-61.9  -  - 44    8 
 62-1950 -  - 46  17 
 >1950 -  - 38  24 

Presence of ringworm No 121  28 129  18 
 Yes 29  35 19  26 

% of animals in enclosure with ringworma 0 34  28 129  18 
 1-50 6  29 15  20 
 51-100 4  50 4  50 

Silage used as feedb No 81  33 152  13 
 Yes 70  24 28  36 

Straw used as feeda No  59  20 164  16 
 Yes 92  35 16  25 

Presence of a hay/silage rackb  No 61  33 126  12 
 Yes 90  27 54  28 

Type of bedding Other 6  33 -  - 
 Straw 145  29 -  - 

Use of chopped straw for beddinga No 143  30 -  - 
 Yes 8  13 -  - 

Squelch score of bedding (median) 1 42  14 -  - 
 2 85  33 -  - 

 >2 24  42 -  - 

The number of water troughs in the enclosureb 1 110  31 114  14 
 2 24  26 30  20 
 3 4  50 
 >3 7  14 11  46 

Height from bedding to top of the water trough (cm)a, b 1-30 28  21 88  19 
 31-100 113  30 76  12 
 >100 10  50 16  25 

Emptying of  water troughs by handa No 27  15 73  18 
 Yes 124  32 107  16 

Access to surface waterb No -  - 153  18 
 Yes -  - 27    7 
a Missing values are omitted. b Included in the multivariable model for indoor-housed groups. c Included in the model for outdoor-
housed animals. 
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Farm-level exposures 
Seven exposures had univariable associations with farm-level VTEC status (Tables 1–3). 
There was no evidence of serious collinarity or interactions among those variables and only 
two of them were retained in the final model (Table 6). 
 
Table 6. Farm-level risk factors of VTEC O157 for young-stock on 255 cattle farms in England and 
Wales 

Factors Exposure 
Level b SE p-value OR CI95% 

Frequency of assessing the wetness of the bedding Daily 1.00  
 Less than daily 1.49 1.99 <0.01 4.43     1.8; 10.7      

Presence of springs in cattle grazing field No 1.00  
 Yes -1.11 0.14 0.01 0.33    0.14; 0.78 

A Excluding missing values; Intercept = -2.24; Hosmer-Lemeshow χ2 for fit of final model: 0.24, p=0.89 
 

Group-level exposures 
Nine exposures had univariable associations with the group-level VTEC status of the 157 
indoor-housed groups (Table 5). There was no evidence of serious collinarity or interactions 
among those variables and three of them were retained in the final model (Table 7). 
 
Table 7. Group-level risk factors associated with VTEC O157 in young-stock on 255 cattle farms in 
England and Wales 

Factors Exposure 
Level b SE p- 

value OR CI95% 

Number of animals in group (quartiles) <10    1.00   
 10-15 1.00 1.79 0.13 2.72 0.75;   9.9 

 16-24 1.33 2.28 0.03 3.78 1.2; 12.3 
 >25 1.33 2.34 0.03 3.78 1.1; 12.7 

Squelch score of bedding (median) 1    1.00   
 2 1.23 1.76 0.02 3.43 1.3; 9.4 

 >2 1.44 2.68 0.02 4.24 1.2; 14.6 

Straw used as feed No    1.00   
 Yes 0.89 1.02 0.03 2.43 1.2; 5.5 
Excluding missing values; intercept = -3.45; Pearson x2 for fit of final model: 2.49, p = 0.96. 

 
Six exposures had univariable associations with the groups-level VTEC status of the 152 
outdoors groups, but none was retained in the final model (table 5). 

DISCUSSION 
 
The study cohort was not chosen at random from the English and Welsh cattle population, 
but by a convenience approach dependent on volunteering and willingness by farmers, which 
can have introduced selection bias. The approach also favoured larger herds with a history of 
frequently submitting samples for diagnosis or screening to governmental regional 
laboratories. This suggested that either the farms might exhibit greater-than-average health 
problems or they might use a very pro-active management style with frequent screenings 
and herd-health planning. Despite potential selection bias, the prevalence of infected farms 
(32.2%) in this study resembled the national estimate of 38.5% [CI95%: 28.1, 50.4] obtained 
3 years earlier in a structured prevalence survey17 and we consider our study cohort fairly 
representative.  
 
VTEC survives well in the environment and transmission between herds of grazing cattle can 
occur if the herds share water-courses such as rivers or lakes10, 11. Our model revealed that 
farms, where cattle had access to springs, were less likely to be VTEC-positive. Intuitively, 
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this might be explained by the fact that springs do not carry pathogens from other farms. 
However, springs were rarely the only source of water on these farms and it is unlikely that 
the farm’s total water supply originated from springs. The significant protective effect of 
springs can have occurred by chance, which is supported by other studies finding no 
association between water source (springs, rivers, mains) and VTEC status4, 20, 25.  
 
Wet and dirty deep bedding creates an optimal environment (temperatures between 15 and 
45 °C and neutral pH) for growth and survival of VTEC26. This can explain the significantly 
higher risk of VTEC isolation, if the squelch score was >1 and if bedding assessment 
frequency was less than daily. Rugbjerg et al. (2003) found that access to straw increased 
the risk of VTEC isolation from cattle (albeit not distinguishing between straw as feed or as 
bedding), and a Scottish study reported that introduction to indoor housing was a risk factor 
in beef cattle25. If farmers adapted their daily routines to include assessment of the dryness 
of the bedding, it might also reduce the risk for other pathogens; a similar association 
between dirty bedding, dirty cows and mastitis (including E. coli mastitis) has also been 
found 26. 
 
Larger groups of cattle had increased odds of being VTEC positive, but the increased odds 
were not associated with stocking density (i.e. animals per m2) in pens. An underlying 
reason might be that more animals provide more hosts for the survival and recirculation of 
the pathogen or that having more animals in an enclosure also increases the probability that 
at least one animal was shedding at the time of sampling. Introduction of new animals 
during rearing is more likely in larger groups, which might disrupt the social stability and 
immune status in established groups and increase the risk of introduction of the agent. 
Young-stock that had recently been moved were reported at higher risk of shedding VTEC 
than less dynamic animals20. 
 
Groups of animals that were fed straw were more likely to excrete VTEC, which adds to the 
large group of studies that identify a feedstuff to be associated with VTEC excretion. Most 
risk factor studies have identified one or two feedstuff components as associated with VTEC, 
but only rarely are the same components identified. Access to straw was reported by 
Rugbjerg et al. (2003) to increase VTEC excretion in young animals, but several other 
studies found no association22, 25. A feed component that reduces VTEC excretion could play 
an important role in a control programme because a diet could be designed to use before 
transport to abattoir, during transient mixing (i.e. shows) or during grazing. However, more 
research in this area is needed to provide more consistent evidence.  
 
We used pat samples from the floor to identify positive groups and farms, which can have 
introduced some misclassification, because the sensitivity of environmental samples is not 
100%. The results might have been affected by temperature change, drying, dilution or 
sunlight, despite the effort to collect mainly fresh pats and the VTEC organisms’ ability to 
survive well in the environment26. The sensitivity of a floor faecal sample was estimated to 
be 77% compared to rectal samples and our aggregate testing scheme used to identify 
group status further increased this sensitivity to 83% 21. 
 
We did not include the VTEC status of the individual animal in our study, because we 
consider group status to be of more relevance to control policies in young-stock. VTEC 
infection in cattle is asymptomatic and the bacterium is shed intermittently and non-
persistent by individual animals6, 14, 23. Control measures aimed at the individual animal can 
be costly, because repeated testing is necessary to identify an infected individual. 
Furthermore, the time delay can allow the agent to colonise other animals in close proximity 
or to create an environmental reservoir, before action against the infected animal is taken. 
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Social research show that laborious, ineffective and/or costly interventions are less likely to 
be implemented and sustained in practice, which influences the impact of an otherwise 
effective intervention18. This suggests that group-level control measures, which can be 
incorporated into the farmer’s daily practices with least possible disruption of routines, are 
more likely to successfully reduce VTEC in young cattle. No single exposure could account for 
the VTEC status of a group or a farm, which supported the common census that VTEC 
shedding in cattle is multi-factorial and is explained by a complex web of factors, in which 
cattle, other animals, transmission vehicles and the immediate environment play important 
roles 20, 22, 25. The complex epidemiology of VTEC complicates the prediction of effect of 
potential control programmes; further research is needed to identify pragmatic interventions 
that can reduce VTEC at the farm-level. 

CONCLUSION 
 
Our main objective was to identify farm-management practices that were associated with the 
VTEC status of young-stock cattle. Cattle farms that had poor bedding hygiene and 
neglected bedding-assessment practices were more likely to be VTEC positive than farms 
that kept the bedding of young-stock dry and assessed the wetness of the bedding daily. 
Large groups of housed young cattle were more at risk than small groups (<10) and feeding 
straw also appeared to increase the risk of groups of young-stock housed indoors. Access to 
spring water protected against VTEC, but no management factors were associated with 
groups of young-stock ‘housed’ outdoors being VTEC positive.  
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ABSTRACT 
 
A randomised controlled trial was used to investigate the effect of three complex 
management intervention packages to reduce the burden of E. coli O157 in groups of young-
stock on cattle farms in England and Wales. All intervention farms were assigned measures 
to avoid buying in new animals and having direct contact or sharing water sources with other 
cattle. Furthermore, package A (7 farms) aimed to keep a clean environment and closed 
groups of young-stock; package B (14 farms) aimed for improve water and feed hygiene, 
whilst package C was assigned both A and B. The control farms (26 farms) were asked not 
to alter their practices. Farms, which were assigned intervention package A, exhibited a 48% 
reduction in E. coli O157 burden over the 4.5 months (average) of observation, compared to 
8% on the control farms. The effect of package A compared to the control farms in a crude 
intention-to-treat model was RR=0.26 (p=0.122). When the risk ratio was adjusted for 
actual application of the different measures, the effect of intervention package A became 
stronger and statistically significant (RR=0.14, p=0.032). Statistical evidence (p<0.05) 
showed that dry bedding and maintaining animals in the same groups were the most 
important measures within the package and weak evidence (p<0.1) showed that a closed 
herd policy and no contact with other cattle may also be of importance. Compliance with the 
other measures in package A had no influence on the effect of the package. No evidence of 
effect of the other two intervention packages was found. 

INTRODUCTION 
 

Verocytotoxigenic Escherichia coli O157 (E. coli O157) is a zoonotic pathogen of importance 
causing both outbreaks and sporadic human cases in England and Wales each year, where 
the number of confirmed cases increased by 36% from 2004 (699) to 20057. Cattle have 
been identified as the main reservoir of E. coli O157 infections for humans and the traditional 
route of transmission from cattle to man is via contaminated meat. However, the proportion 
of infections acquired by direct contact with cattle or from contaminated environments such 
as fields or water courses is increasing. 
 
Cattle are asymptomatic carriers and the infection causes no production loss to the farmer. 
Young cattle between 2–18 months of age are at highest risk of excreting E. coli O157 
through faeces or saliva15. Shedding by the individual animal is intermittent, probably due to 
re-circulation of the pathogens between animals or the environment and recent simulation 
models have suggested that the majority of transmission occurs through the environment, 
especially when young-stock are housed12. The load of bacteria shed by different animals 
may vary and it has been suggested that a few animals play an important role in 
transmission within a group of cattle11, 21. Today, control of E. coli O157 in England and 
Wales is focused on limiting transmission from cattle to humans. The Clean Animal Policy, 
which was introduced in 1996, prevents visibly dirty animals from being slaughtered and 
aims to reduce the risk of E. coli O157 along with other zoonotic pathogens contaminating 
meat5. Since 2000, between 1–7 commercial cattle farms have been traced annually in 
England and Wales as potential sources of human outbreaks and investigated by the 
authorities. Several farm-based studies have been conducted to identify risk factors, which 
can be targeted by on-farm control measures. Dirty water troughs, presence of other animal 
species, different feeds and various housing facilities have been reported to effect the risk, 
but few reports identify similar risk factors and consistent reports are rare 4, 13, 17, 19, 24.  
 
The ubiquitous nature of E. coli O157 complicates identification of probable control points 
without structured studies to estimate the actual effect of control measures applied in the 
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cattle population of interest. This paper presents the results of a randomised control trial 
(RCT) that was conducted in young cattle in England and Wales. The RCT examined the 
effect of farm practice changes on reduction of E. coli O157 burden in groups of young 
cattle. The objectives were (1) to establish the effect of three control packages of on-farm 
management practices to reduce E. coli O157 in young-stock; (2) to assess the effect of 
observed compliance with intervention measures on the result and (3) to establish the 
relative impact of various control measures within potentially effective control packages. 
 
MATERIALS AND METHODS 

Study design 
Study farms were initially identified through private veterinary practices (PVP), which had 
submitted any kind of cattle samples for diagnosis to the Veterinary Laboratories Agency’s 
regional laboratories (VLA RL) during the previous 12 months as previously described4. The 
cattle farms within each PVP, who submitted the largest number of samples in the previous 
year, were included and further suggestions of potentially interested farmers from the PVP 
were also accepted, however neighbouring farms were excluded. A total of 411 farms 
distributed throughout England and Wales were contacted by phone to assess willingness to 
participate in the study and eligibility of the herd by questionnaire. Farms were eligible, if 
they retained more than 60 cattle including 20 youngstock, had a bovine tuberculosis-
negative status and the premises were not shared with any public access enterprises such as 
open farms, Bed & Breakfast or farm-shops including selling unpasteurised milk. A total of 
156 farms were excluded due to ineligibility. Sample sizes were calculated by a multilevel 
approach with design-effects and intra-class correlations deducted from variance between 
pats, groups and farms observed in a previous field study on a similar population15. The 
required samples sizes were 48 control farms and 48 farms in each intervention group to 
detect a risk ratio of 5 at 80% power with 95% confidence, when using a design effect of 
13.22 to adjust for a group cluster size of 20 pat samples per group per visit. The design 
effect was estimated from data originating from a longitudinal study using same sampling 
approach along side individual animal sampling8.  
 
The remaining 255 farms were visited once in the second half of 2003 and twenty fresh floor 
faecal samples were collected from weaned youngstock (3–18 months of age) at each farm4. 
The farmer was asked to complete questionnaires regarding management details such as 
size and type of enterprise, cattle purchase, quarantine procedures, grazing, housing 
facilities, water sources and general hygiene procedures. If one or more samples were 
positive for E. coli O157, the farm was considered eligible for enrolment in the intervention 
study. A total of 23 of the 82 E. coli O157 positive farms were unwilling to participate in the 
trial, one farm was found to be bovine tuberculosis positive and one farm had sold its 
livestock. The remaining 57 farms were randomly allocated into three intervention groups 
and one control group (table 1). The allocation was done blindly by a clerk, who assigned 
each participating farm a random letter drawn from an envelope, which contained one letter 
for each intervention group and four for the control group.  
 
Seven farms were allocated to intervention group A, 14 to intervention group B, 6 to 
intervention group C and 30 farms were allocated to the control group (table 1). A group of 
at least 20 weaned calves (3-18 months of age) was selected by convenience at each farm 
and the group-level interventions were applied to this monitored group of animals only. Only 
one group was monitored per farm and thus, group and farm are synonymous terms in this 
paper.  
 



~ 5 ~ 

 3

Table 1. Allocation of farms and description of intervention packages used in a randomised 
controlled trial to reduce E. coli O157 in young-stock. 
 

Interventions allocated Package A Package B Package C Control 
Package 

None     √ 
No new animals brought in  √ √ √  
No contact with other cattle  √ √ √  
No shared water sources  √ √ √  
Keep bedding dry  √  √  
Keep animals clean  √  √  
Maintain closed group  √  √  
Use boot-dip  √  √  
Use overcoat  √  √  
Clean water troughs weekly   √ √  
Empty water troughs weekly   √ √  

 
 
The effect of each intervention package on the burden of E. coli O157 in the group was 
compared to the burden in the control group, which was required to continue normal 
farming practices. Each intervention package contained several intervention measures, some 
of which were to be applied at farm level to all intervention farms and some measures, 
which were to be applied to a group of >20 youngstock of 3–18 months of age on each farm 
(table 1). 

Follow-up procedures 
Four follow-up visits were conducted on each farm every 4 to 6 weeks by a member of staff 
from the VLA RL and the farms were monitored for 141 days (4.5 months) on average. The 
visits took place between October 2003 and May 2004, with 90% of all visits between 
November 2003 and April 2004. The staff member scored cleanliness of 5 animals, 1 in each 
corner and 1 in the middle of the enclosure as described by Ward et al. 2002 and used for 
the Food Standards Agency’s Clean Animal Policy scores25. The condition of the bedding was 
assessed using a “squelch-score”. A standardised method was used to score each corner and 
the middle of the enclosure from 1 (very dry) and 5 (soaked and slippery). The 5 squelch-
scores and the 5 animals’ cleanliness-scores were summarized separately to enclosure 
medians per visit, which were used in the data analyses. The variable was then dichotomised 
using a cut-off between 2 (= dry) and 3 (= squelchy sound). Training was provided scoring 
systems. In addition at each visit, standardized forms were used to record application of all 
intervention measures for each farm independently of the assigned intervention package. 
The farmers were compensated for their assistance.  
 
Four farms allocated to the control group were lost during the follow-up period, 1 farm after 
2 visits and 3 farms after 3 visits. All 4 farms were excluded from the analyses. 

Faecal samples 
Twenty samples were collected from freshly voided pats on the floor in the enclosure of the 
monitored group using a standardised “point of a compass”- approach to choosing pats in 
the enclosure (details are available on request). Each pat sample was analysed for the 
presence of E. coli O157 by immuno-magnetic separation (IMS) and suspected colonies were 
confirmed by latex slide-agglutination as previously described15. Each sample was identified 
as positive or negative on standardised forms and entered into a Microsoft Access ® 
database by a trained clerk.  
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Application of interventions 
Variables were created to describe the level of application of each measure throughout the 
study. Application was assessed for single measures within the packages and not the 
packages themselves. The application of each measure was assessed equally for all farms 
irrespective of nominal intervention package and registered as a binary variable presenting 
each intervention measure. A cut-off value of 2 was chosen for animal cleanliness scores and 
the squelch score to concur with the values used by the Food Standards Agency5. Farms, 
which applied a specific measure 75% or more of the monitored time, were classified as 
applying the measure. 

Data Analyses 
 
Baseline measures 
The success of randomisation was assessed by comparative univariable analyses of the 
baseline characteristics of herd sizes, percentage of enterprises, age interval in monitored 
groups and group sizes in the four allocated groups. Herd size was categorised in four 
categories using percentiles to accommodate changes over time and to allow for non-
normality. Age of the group of animals was also categorised in four levels to reflect the 
within group variation of the age of the individual animals. The Kruskal–Wallis test was 
applied for tests on continuous variables, Pearson’s X2 for binary variables and k-sample test 
on ordinal variables 9. 
 
Descriptive analyses 
The application variables were described and compared for collinearity between each other 
and for collinearity with intervention group. Collinearity between cleaning and disinfecting 
pens before introducing animals and intervention group was found and the “cleaning and 
disinfecting pens”- variable was excluded from any multivariable analyses. The degree of 
randomness in application was assessed by identifying potential associations between the 
applied measures and nominal allocated measures using Pearson X2-tests. Application of 
several of the intervention measures were associated with nominal allocation status and 
application of a measure were considered non-random and non-ignorable, highlighting the 
need for analyses beyond intention-to-treat2, 6. The measured outcome was the number of E. 
coli O157 positive samples out of the 20 collected samples at each farm per visit. The 
proportion of positives was interpreted as burden of infection within the group of animals. 
The data were assessed visually for trends before choosing analytical approaches. The 
change in the proportion of positives samples that were detected at visit 1 and visit 4 was 
calculated for each group and the reduction attributable (reduction difference) to each 
intervention package was estimated by subtracting the change within the control group from 
that observed in each intervention group. 
 
Measure of effect 
The measure of effect was the risk ratio of positive samples between each intervention 
group and the control group after 4.5 months of participation in the study. The intervention 
package was considered effective if the risk ratio was less than 1 and statistically significant 
(p<0.05). In order to evaluate the measure of effect, univariable as treated analysis (AT) 
and intention to treat (ITT) was used. Ideally randomised trials should be evaluated with an 
ITT model, however AT analysis was used in order to evaluate the measure independent of 
group allocation and adjust for the non-randomness of application 2, 6. 
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Univariable as-treated analyses 
AT analyses ignores the randomised allocation and “re-group” the farms according to actual 
application of intervention measures, whether or not the measure was allocated 2, 6. 
Intuitively, this approach provides a more precise estimate of the effect of the measures, 
without the dilution of noncompliance. However, the analysis is biased, when the farmers, 
who apply, are not comparable to farmers, who do not apply the measure. AT-analyses do 
no longer have the power of the randomization. Therefore, adjustment for confounders and 
other differences between the groups should be included in the analyses, before effect can 
be assessed 6, 22.  
 
The effect of each intervention measure actually applied on E. coli O157 burden was 
assessed by univariable comparative analysis6. A population-averaged approach based on 
generalized estimating equations (GEE) models to account for repeated measurements was 
applied. An autoregressive correlation matrix was assumed to represent the time-dependant 
correlation between effect and application of control measure using “visit” as the time-
indicator. “Farm/group ID” was specified as a subject for the repeated measurement and the 
distributional family was defined as binomial specifying number of sampled faecal pats per 
visit. A logit function was used as the identity link and a robust variance estimator was 
included to provide valid standard errors, because the exact correlation structure of the data 
was unverified. An interaction term between the application variable and “visit” was included 
in each model to allow for changes in reduction over time and allow the measures of effect 
(risk ratios) to be calculated and compared at visit four, which was the last follow-up visit. A 
covariable was included in each model to adjust for differences in the initial number of 
positive samples, but no other differences in baseline measures were adjusted for. 
 
Intention-to-treat analyses 
Intention-to-treat (ITT) analyses compares the effect of allocation independently of 
compliance and often provide a conservative estimate of effect “diluted” by non-compliance2, 

6. The approach is based on the underlying assumptions that 1) compliance is random and 2) 
compliance patterns under the trial conditions mimic compliance patterns in society after trial 
completion. Bias is introduced because compliance is rarely random and behaviour is likely to 
change after trial completion due to removal of financial incentives or veterinary services, 
which are often provided to ensure participation.  
 
The intention-to-treat effect of each intervention package on the proportion of E. coli O157 
positive samples in young stock was analysed using a GEE model with similar specifications 
as described above for the AT analyses. “Intervention group” was used as explanatory 
variable and included as a fixed effect in the model. An interaction term between 
“intervention group” and “visit” was also included to allow for changes in effect between 
visits. The control group was coded with the lowest number in the “intervention group” 
variable and used as the baseline group, to which the three interventions groups were 
individually compared.  
 
The ITT model was expanded into a multivariable model to evaluate the impact of 
compliance on the strength of the effect of intervention packages by including all the 
application variables in the model for adjustment of effect. Impact of the single control 
measures included in package A, which showed weak evidence of effect, was investigated 
further by backward stepwise exclusion of the AT-variables in package A, where the least 
significant (Wald’s test) co-variable was removed and the model rerun until all remaining 
variables in the model were significant. After every rerun the RR of the package was 
examined to ensure that no significant confounding AT variables were removed from the 
model. All significant measures in the final model were defined as important in the reduction 
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of E. coli O157 and non-significant measures as less important. An additional group of 
control measures that showed weak evidence of association with the effect (p-values 
between 0.05 and 0.1) was identified as potentially important. GEE-models are not 
likelihood-based models and methods to assess goodness-of-fit and adequacy are still under 
development and we were not able to assess the fit of our final model 1, 14.  All analyses were 
carried out in STATA 9 (Stata Corporation, College Station, TX, USA) and p≤0.05 was used 
as significance level in all analyses. 

RESULTS 

Baseline measures 
Comparative analyses of baseline characteristics of the four allocated groups revealed no 
statistically significant differences and the randomisation was considered successful (table 2). 
 
Table 2.  Baseline characteristics of three intervention groups and a control group in a randomised 
controlled trial. 
 

 Variable 
type Control A B C p-values for 

heterogeneity 
Number of farms   26 7 14 6 N/A 
Size of cattle enterprisea (median)  Categorical  180-300 301-450 180-300 301-450 0.130b 
Presence of dairy enterprise (%)  Continuous  81 100 79 100 0.556c 
Presence of beef enterprise (%)  Continuous  50 29 36 17 0.444c 
Age-intervald in groups (median)  Categorical  6–12 6–12 12–18 6–12 0.239e 
Number of animals in group  Continuous  45 28 37 29 0.223c 
a Categories of herd sizes; b k-test for differences in medians; c X2-test;  
d Categories of age-intervals (youngest-oldest) in groups (months); e Kruskal-Wallis test 

Descriptive analyses 
The change in proportion of E. coli O157 positive samples was an overall decline in all four 
groups over the 4.5 trial months (table 3). The average reduction was 0.48 in group A, 0.19 
in group B, 0.32 in group C and 0.18 in the control group (table 3) A total reduction of 0.30 
could be attributed to intervention group A, 0.01 to intervention group B and a 0.14 
reduction to intervention group C, when compared to the control group. 
 
Table 3.  Proportion of E. coli O157 positive samples and (standard deviations) in intervention groups 
by visit during a four and half months trial. 
 

Visits Intervention 
groups 1 2 3 4 
Control 0.35 (0.34) 0.19 (0.27) 0.23 (0.24) 0.15 (0.24) 

A 0.56 (0.45) 0.31 (0.37) 0.25 (0.29) 0.08 (0.19) 
B 0.40 (0.37) 0.25 (0.32) 0.26 (0.31) 0.21 (0.34) 
C 0.53 (0.43) 0.20 (0.36) 0.55 (0.33) 0.21 (0.32) 

 

Compliance 
Compliance with allocated intervention measures throughout the study was inconsistent and 
none of the farms complied 100% with all measures included in the package. The measure, 
most frequently complied with was “not buying in new animals” (85.7% in A, 92.9% in B and 
82.6% in C). The measure least frequently complied with was “raising water troughs to 
animal chin height”, which was only applied in 23.1% of B farms and 0.0% of C farms. 
Application of measures was similar in groups, to which they were allocated, apart from 
“avoiding sharing water sources”, which was done more consistently in group A than in 
group C (p=0.01) and “raising the water troughs to chin height”, which was applied more 
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often in B than C (p=0.04). Five intervention measures were applied with equal frequency in 
all groups independently of allocation (table 4). Application of the seven remaining measures 
was associated with nominal allocation, which implied that compliance was not a totally 
random process and should not be ignored, when interpreting the effects of the intervention 
packages. 
 
Table 4. Percentage of farms applying control measures by nominal allocation status in a RCT and 
comparison of these proportions to assess randomness of application. 
 

Intervention measure Allocated 
(%) 

Not allocated 
(%)a p-valueb 

No water shared with other cattle  77.8 62.5    0.012 
No direct contact with other cattle  81.5 76.9    0.433 
No new animals bought into herd  88.9 92.3    0.382 
Keep bedding dry  55.8 72.5    0.024 
Clean pens before animals housed   0.0 15.0    0.003 
Keep animals clean  82.5 76.9    0.372 
Use of boot-dip  78.4   2.5 < 0.001 
Use of overcoat  39.2   2.5 < 0.001 
Keep animals in same groups  92.3 32.5 < 0.001 
Empty water troughs weekly  60.0   6.5 < 0.001 
Clean water troughs weekly  55.5 60.6 0.688 
Raise water troughs to animal chin height  17.7 12.9 0.350 
a Including control group; b X2-test for significance 

Univariable as-treated analysis 
The number of farms, which applied the individual intervention measures, is shown in Table 
5. The classification of application status was done independently of allocation and only one 
of the individual measures was directly associated with E. coli O157 positive samples on 
farms in the crude univariable comparisons (table 5). No direct contact with other cattle 
increased the risk of E. coli positive samples. However, the analyses were not adjusted for 
confounders or differences between the farms that did and did not apply the measures and 
the exact value of RR should be interpreted with caution. 
 
Table 5. Crude risk ratios comparing the effect on E. coli O157, when applying a measure for 
four months compared to not applying the measure. 

Intervention measure 
Applied 
(Farms) 

Not applied 
(Farms) 

Control of VTEC 
O157 burden 
(Crude RRa) 

p-value 
(Walds) a 

No water shared with other cattle 36 15 1.1 0.795 
No direct contact with other cattle  11 42 2.4 0.046 
No new animals bought into herd  48   5 1.2 0.714 
Keep bedding dry  37 16 1.2 0.387 
Clean pens before animals housed    6 47 1.9 0.171 
Keep animals clean  43 10 0.6 0.449 
Use of boot-dip  11 42 0.7 0.577 
Use of over-coat    6 47 0.7 0.547 
Keep animals in same groups  25 28 1.3 0.823 
Empty water troughs weekly  14 37 1.3 0.425 
Clean water troughs weekly  31 22 1.6 0.224 
Raise water troughs to chin height    7 41 1.5 0.533 
a Obtained using GEE modelling, univariable results, no adjustment for confounding factors. 
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Intention-to-treat analysis 
 
Visually, intervention package A reduced the number E. coli O157 positive samples within a 
group of young-stock over a four and a half months period more effectively than the control 
group albeit this reduction was not statistically significant (RR=0.26, p=0.122) (Fig. 1). The 
RCT provided no evidence of an effect of intervention packages B (RR=1.37, p=0.631) or 
intervention package C (RR=1.27, p=0.671) on E. coli O157, when compared to the control 
group.  
 
Figure 1. Reductions on the burden of E. coli O157 by three intervention packages and a control group 
after adjusting for difference in initial difference. 
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The model was extended to a multivariable model, where all application variables were 
included to adjust for compliance. This model revealed that a significantly greater rate of 
reduction of E. coli O157 was observed in intervention group A than in the control group 
(table 6). No evidence of a significant effect of intervention group B and C was found.  
 
Table 6. The effects of three intervention packages to reduce E. coli O157 over a four and a half 
months period, when adjusted for actual compliance of all intervention measures.  
 

 Coefficienta Risk ratio 95% CI p-valueb 
Intervention A  -0.63 0.14 0.02–0.84 0.032 
Intervention B  0.07 0.80 0.20–3.10 0.744 
Intervention C  0.10 0.77 0.14–4.34 0.768 
a Interaction term with visit; b Estimates from multivariate GEE model. 

 
 
The significant reduction in E. coli O157 observed in intervention group A (RR 0.14; 
p=0.032) was a result of applying several control measures. The effect (RR) remained stable 
and significant throughout most of the stepwise removal of application variables until “dry 
bedding” and “keep animals in same groups” were removed at which point the RR of the 
package cahnged considerably. This suggested that “keeping the bedding dry” and “keeping 
animals in the same groups” were the most important factors to apply to ensure 
effectiveness of the intervention package (table 7). Other measures of slightly less 
importance were whether new animals were bought into the herd during the study period or 
whether the cattle had direct contact with animals from other farms (both p<0.1). The 
remaining variables describing the measures in intervention package A showed no evidence 
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of effect on reduction of the E. coli O157 burden. The non-significant were: “use of pen 
specific overcoats and boot-dip”, “not share water sources with other cattle” and “keep the 
cattle clean”. 
 
Table 7. Significance of compliance with various measures included in intervention package A on the 
reduction of E. coli O157 in multivariate GEE-model.  
 

Intervention measure p-value (Waldsa) 
Keep animals in same groupsa  0.01 
Keep bedding drya  0.01 
No direct contact with other cattle  0.07 
No new animals bought into herd  0.07 
Use of over-coat  0.55 
No water shared with other cattle  0.56 
Keep animals clean  0.92 
Use of boot-dip  0.99 
a Included in final model.  

 
DISCUSSION 
 
The RCT revealed that it is possible to reduce the overall burden of E. coli O157 on 
farms at group-level by simple management changes. A combined intervention package, 
which was intended to avoid introduction or re-introduction of E. coli O157 into a group of 
young-stock by using designated boot-dips and over coats and keep animals in the same 
group along with keeping animals clean, applying farm-level biosecurity measures and 
maintaining dry bedding significantly reduced the level of E. coli O157 in a group of 
youngstock within a four and a half months period of application. We have also identified the 
measures, which provided the greatest contribution to the reduction in the intervention 
package. Keeping young cattle in the same groups throughout rearing without introducing 
new animals and ensuring constant dry bedding appeared to have a particularly large impact 
on the reduction. The model also provided us with weak evidence that not buying new stock 
into the herd and avoiding direct contact with cattle from other farms (i.e. shows, nose-to-
nose contact over fences) provided some protection and may have played a role in the effect 
of the intervention package.  
 
Young cattle reared together and similarly exposed with no introduction of new animals may 
develop similar immune-status to any E. coli O157 circulating between the animals and the 
environment. Introduction of an immunologically naïve animal or an animal carrying another 
type of E. coli O157 may upset the host-pathogen balance and provoke excessive shedding 
and increased burden of the pathogen by disrupting the previous group dynamics. 
Furthermore, introduction of a new animal into an established unit may induce stress in the 
group, which may also affect factors such as shedding rates or host susceptibility. The same 
principles may account for the weak effect of bringing new animals into an established herd. 
E. coli O157 is shed in faeces, saliva and by direct contact, such as nose-to-nose contact 
with other cattle over fences or at shows, which may introduce or re-introduce the pathogen 
into a herd and trigger a disruption of status quo23.  
 
Intuitively, dry bedding was expected to be a predictor of the cleanliness of the animals. 
However, we found no association between the two measures and the application of keeping 
animals clean was not observed to be important for the effect of package A. Dryness of 
bedding probably did contribute to keeping animals clean, but dry and clean bedding may 
also have provided protection by other means20. Wet and dirty bedding can create a moist 
and warm environment for enhanced survival and potential growth of E. coli, which may 
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have provided a constant reservoir and increased the burden of infection within the group25. 
Wet or dirty bedding has not been reported as a direct risk factor for E. coli O157 in other 
cattle populations, but less specific implications have been published. Several studies from 
Scotland have indicated an increased risk of shedding E. coli O157 if the animals were 
housed and this effect may be related to the bedding, which accounts for a large proportion 
of the near-environment of housed young-stock24. A similar non-specified association with 
access to straw was reported by Rugbjerg et al.17. 
 
A reduction in E. coli O157 burden within group C similar to that of group A was expected as 
group C was also asked to apply intervention package A, but this was not observed. 
Unfortunately, group C was too small to statistically explore all potential conflicting effects of 
measures in package A and B, but farmers did inform us that emptying the water-troughs 
weekly complicated keeping the bedding dry. This was further supported by a statistically 
significant association between emptying water-troughs and wet bedding (X2: p=0.008) and 
have may impacted on the effectiveness of package C especially since dry bedding had a 
high impact on E. coli O157 reduction in package A.  
 
The effect of the interventions on individual animals was not considered in this study, 
because all interventions were applied at either group or farm-level. To avoid the atomistic 
fallacy of extrapolating individual results to group-level, all data collection and analyses were 
conducted at group-level. However, testing at group-level by using floor pats instead of 
rectal samples from individual animals may have resulted in an under-estimation of the 
proportion of positive samples in the groups. Floor samples are reported to have a 86% 
sensitivity compared to rectal samples from individual animals 23. Nevertheless, the 
underestimation was considered non-differential and thus would not bias the comparative 
analyses. Super shedders or any other individual animals were not targeted in particular, 
with these interventions, because the aim was to recommend practical interventions that 
farmers can incorporate in their daily routine without additional costs such as veterinary bills 
or laboratory testing.  
 
It was not possible to enroll as many farms as required according to pre-study sample size 
calculations. The consequent reduction in the power of the study may have precluded 
statistically significant associations between any of the individual measures or effects of 
intervention packages B and C and these results should be considered inconclusive. 
Nevertheless, the strong effect of intervention group A was identified as significant, despite 
the low statistical power, which suggested a very strong effect of this package. 
 
RCTs are viewed as the ultimate study to establish causality or effect of preventive 
measures, because the pre-trial randomization minimizes the introduction of bias, which 
could reduce the comparability of the intervention and the control group 3. In theory, the 
only difference between the two groups is the applied Intervention measure(s), in reality, 
bias may be introduced both pre-randomisation and post-randomisation 16. Pre-
randomisation bias is usually non-differential selection bias, which can occur, if the groups 
do not represent the population intended. In our study, the farms were not chosen at 
random from the English and Welsh cattle population and non-representativeness was likely. 
However, at the initial screening stage of enrolment the herd level prevalence was 32.2%, 
which was very similar to the national herd level prevalence of 38.9% 4, 15. 
 
Very few RCTs in veterinary medicine have been published and to our knowledge none have 
been used to assess the effect of multiple sanitary control strategies in cattle herds. Sanitary 
measures and management practices are not isolated factors with specific, individual or 
random effects and even in publications in human medicine, where RCTs are more common, 
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the combined effect of various measures and different levels of compliance and application is 
relatively unexplored. We applied methods used in publication in human medicine to obtain 
results, which are relevant to farming communities and animal health policy-makers 2, 6, 18. 
 
Each intervention package was complex and consisted of up to 26 measures (summarized in 
12 variables in this paper) for the farmer to implement into his daily routines and no farmer 
complied with all of the measures in the allocated package all the time. It was not possible 
to assess AT efficacy of the intervention packages, so we chose to assess the efficacy of 
single measures instead. AT analyses identify the actual effect of applying a measure on the 
outcome, but because of potential confounding and incomparability between groups 
introduced in post-randomisation assignment of measures, the results were of limited 
relevance 6, 10. None of the measures were associated with a reduction in E. coli O157 in the 
univariable analyses, which may be attributed to three main reasons: (1) Insufficient power 
to identify an association though present; (2) differences in the baseline characteristics of 
the AT groups that confounded and diluted a potential association and (3) none of the 
measures were individually efficient enough to induce a reduction in E. coli O157 and 
composite measures are necessary. 
 
An ITT effect ignores any bias or confounding caused by non-compliance by returning a 
population-based efficacy, with the assumption that patterns of compliance will stay constant 
over time in the same population10. However, a proven effect of an intervention measure or 
introduction of a strong incentive i.e. payments or penalties, are likely to change compliance 
patterns in a population and thus, ITT proven efficacy may not be valid even in the same 
population in the future or after policy making. We have observed that the compliance 
pattern in our study group changed once the study was completed and incentives removed 
and we predict it may change again if an official control programme is implemented 4. The 
predicted ITT effect by intervention package A may not represent the effect in the same 
population with a different compliance pattern as compliance was a strong confounder on 
the effect of the packages.  
 
We failed to directly quantify the relative impact of each measure within the intervention 
packages, which was a sought-after outcome. However, we did identify four measures of 
strong or medium importance. Identification of a few, but efficient measures may facilitate 
policy decisions and increase the likelihood of uptake of the control programme. Adoption of 
a few intervention measures is more likely to be undertaken by the farming community than 
a large complex package of changes to their normal practices. 
 
Implementation of a control programme for E. coli O157 on cattle farms has to overcome the 
major challenge of compliance to become successful, because reduction or elimination of E. 
coli O157 does not provide any economical benefits to the farming enterprise. To date, no 
structured on-farm control of E. coli O157 in commercial cattle farms exists in England and 
Wales and although this study provided evidence of simple measures that may be effective, 
incentives for farmers should be carefully considered before implementation of an official 
control programme.  
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ABSTRACT 
 
Uptake of control practices on cattle farms is difficult to induce and a limited uptake results 
in ineffective control of the target disease. This short communication describes an observed 
change in practices among farmers, who previously participated in a randomised controlled 
trial. Ineffective measures were continued by 55% of farmers, where only 19% adopted new 
effective practices due to evidence of effect. Implementation of all practices had financial 
costs, but ineffective measures provided no economic or disease-controlling benefits, only a 
perception of improved animal welfare. This observation suggests that evidence of effect 
was less important than habit forming and that farmers are willing to adopt practices without 
financial gains, if other benefits are apparent. This observation may encourage farmer 
advisors to include non-economic benefits, when promoting or encouraging disease control.  
  
INTRODUCTION 
 
Implementation of disease control practices on cattle farms is a complex process because it 
requires change in behaviour, habits and practices for the farmer. Little is known about 
effective motivational factors and tools to induce behaviour change and establish good 
practices on farms. Traditionally, the main emphasis is on financial incentives and other 
motivation factors or benefits are often neglected.  
 
This study presents an observation of adoption of new practices, which occurred on a 
population of farms as a result of participating in a randomised controlled trial. 

MATERIALS AND METHODS 
 
A total of 57 cattle farmers in England and Wales were enrolled in a randomised controlled 
trial (RCT) assessing the effect of three management intervention packages to reduce E. coli 
O157 in young cattle (table 1). After the trial, the farmers were informed that intervention 
package A was effective in reducing E. coli O157 3. During the trial the farmers received a 
set payment and had frequent monitoring visits, which were considered precursors for 
developing a habit. 
 
Table 1. Outline of practices included in intervention packages allocated in a randomised controlled 
trial 
 

Practices allocated A B C Control 
None No No No Yes 
No new animals brought in Yes Yes Yes No 
No contact with other cattle Yes Yes Yes No 
No shared water sources Yes Yes Yes No 
Keep bedding dry Yes No Yes No 
Keep animals clean Yes No Yes No 
Maintain closed group Yes No Yes No 
Use boot-dip Yes No Yes No 
Use overcoats Yes No Yes No 
Clean water troughs weekly No Yes Yes No 
Empty water troughs weekly No Yes Yes No 
Raise troughs to chin height No Yes Yes No 
Italics = Effective practices to reduce E. coli O157 
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Eighteen months post trial, a further visit was made to each farm and practices applied at 
that time were summarized. Practices, which were routinely used on the farm before the 
trial, were excluded from further description. The remaining practices were classified as 
either effective control practices adopted after the study results were provided, or practices 
that were adopted during the study and continued 18 months later. The group of continued 
practices was further sub-divided into two groups: one for effective practices and one for 
ineffective practices (fig. 1). The proportion of farmers motivated by the different drivers 
was then compared.  
 
Fig 1. Impact of different motivation factors in different stages of a randomised control trial.  
 

 
 
 

RESULTS AND DISCUSSION 
 
A total of 19% (of the 36 farms) that did not apply effective practices before or during the 
trial adopted effective practices afterwards. The evidence of effect to reduce E. coli O15 was 
considered to be the motivator for post-trial adoption. Twelve farmers out of 22 (55%) 
continued at least one effective practice post trial and the motivator behind this behaviour 
was considered to be a combination of habit creation and proof of effect. 
 
Nine farmers of 16 farmers (56%) continued at least one ineffective practice, of which 
increased frequency of cleaning and emptying water troughs was the most popular. This was 
an unexpected observation, because cleaning water-troughs frequently is laborious and time 
consuming and was estimated to have an annual cost of £700 by the same farmers in a 
previous survey 1. The reason for continuation of this particular practice provided by the 
farmers was that it was an improvement to the welfare of their cattle. After having provided 
their cattle with clean drinking water throughout the study, they felt it would be regression 
for the cattle to drink dirty slimy water again.  
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In general, this implies that although financial gains or penalties are strong motivators, they 
are rarely the only criteria in the decision making process. This study revealed that farmers 
were willing to accept financial costs, if they did not have to change their habits and had a 
perceived reward even if this reward was not financial. 
 
Emptying and cleaning water troughs provided an immediate visible improvement to animal 
welfare and a feeling of well-being for the farmer or person carrying out the action and once 
in the habit of obtaining this satisfaction the farmers did not want to relinquish this even 
when the financial support was removed. This was a stronger motivator than proof of effect, 
which only convinced 19% of the farmers to adopt a new practice.  
 
The outcome of this study showed cattle farmers are willing to change routine practices and 
adopt new practices if the right incentives are apparent. Costs are important and should be 
kept realistic, but they are far from the only motivator and studies have shown how financial 
considerations influence the later stages of implementation, but have little importance if the 
farmers attitudes and beliefs are not positive 2. This observation provided an initial insight 
into the strength of habit creation to implement disease control practices on cattle farms and 
emphasised that finance is only one of several factors that influence farmers decision 
making. This suggests that more effort and research into motivation of farmers may aid 
implementation of effective disease control and biosecurity practices on farms to improve the 
health of the national herd.       
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ABSTRACT  

The implementation of disease control programs on farms requires an act of behavioural 
change and this study presents a theoretical framework from behavioural science, combined 
with basic epidemiological principles to investigate and explain the control of zoonotic agents 
on cattle farms. A “pathway to disease control”-model was developed based on models from 
behavioural science and human medicine. Field data was used to demonstrate the validity of 
the “pathway to disease control” model to identify and explain motivational factors for 
implementation of disease control programs among English and Welsh cattle farmers. The 
field data consisted of interviews conducted with 42 farmers and analyzed to investigate the 
perception of responsibility for safe cattle produce and the intrinsic and extrinsic barriers that 
inhibited the implementation of a zoonotic control program on the farms. The “pathway to 
disease control” model was used to illustrate where the barriers affected the implementation 
process and to classify the farmers according to the current degree of zoonotic control at a 
stage within the model. Statistical analyses were applied to identify motivators particularly 
associated with different levels of implementation. Younger farmers and/or larger herds were 
more likely to place financial responsibility upon the industry rather than on government and 
all but two farmers accepted a social responsibility for food safety within cattle production. 
In general, attitudes towards zoonotic control were positive, but intent to control was 
inhibited in approximately half the farmers by non-supportive social norms and/or a lack of 
belief in self-efficacy. The remaining farmers showed a gradual intent to control, but had not 
implemented any structured control program due to external barriers including lack of 
knowledge and both cultural and economic pressure from society and industry. The farmers 
with no intent to adopt control measures identified their private veterinarian as the preferred 
motivator, whereas consumer-demand and financial rewards or penalties were significantly 
associated with farmers who intended to control. This study is one of a group of emerging 
studies, which combine behavioural sciences with veterinary epidemiology and use social 
epidemiology to explore the probability of uptake of disease control at farm level.    

INTRODUCTION 

Adoption and implementation of disease control practices at farm level requires farmers to 
change established behaviour. Behaviour changes are notoriously difficult to achieve and 
sustain, even when interventions are evidence-based, practical, affordable and acceptable 8, 

14. Control of zoonotic diseases in farm animals presents a further challenge to adoption, 
because outcomes are more likely to benefit society than the individual farmer who must 
meet the costs. Nevertheless, many countries place the responsibility for control of zoonotic 
pathogens in the primary production unit for example through the EU Zoonosis Directive 
(EC) No. 2003/99 and the Zoonoses Regulation (EC) No. 2160/2003, which creates a 
requirement for on-farm available on-farm control programs. In England and Wales (E&W) 
the responsibility of farmers is further outlined and emphasized by the ‘cost and 
responsibility sharing strategy’ developed by the livestock industry and Department for 
Environment, Food and Rural Affairs (Defra)4. 
 
Once a control program has been found effective in study situations, it has to be 
disseminated, communicated and implemented in the target population. Without successful 
implementation and adoption, control of the target disease is unlikely to be successful. 
Behavioural science offers tools to identify motivators and barriers, which affect human 
behaviour and decision-making and provides a valuable addition to natural science in disease 
control. This combination of natural and social sciences, social epidemiology, is widely used 
in human medicine and policy-making, but application of behavioural science in veterinary 
medicine is only just emerging 8-10, 14-16. The models used to describe human health 
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behaviour mimic basic principles of human behaviour and decision-making processes and can 
be modified to explain and predict behaviour, in the context of disease control in animals.   
 
World Health organization (WHO) promoted a KABP framework (Knowledge, Attitude, Beliefs 
and Practices) in 1989 as a tool to improve disease prevention strategies in different 
cultures16. The Theory of Planned Behaviour further explains the intrinsic beliefs behind 
obtaining intent to change, which proceeds actual behaviour change1. Panter-Brick et al. 
expanded the Theory of Planned Behaviour into a socio-ecological model to describe what 
factors influenced behavioural change, when the target was to sustain repair of mosquito 
nets in The Gambia 14. In their study, they demonstrated how habits could be created and 
behaviour implemented by using cultural traditional communication paths and how this 
enhanced the probability of sustained control behaviour. The theoretical framework of 
behavioural change is described in more detail in the following section.  
 
The first step in control of zoonotic pathogens in primary production also depends on 
farmers’ intent to implement and adopt disease control measures. The intent is strongly 
influenced by their perception of their own responsibility along with social norms and belief 
in self-efficacy14. Intent does not necessarily progress into action and other factors, such as 
legislation, norms in society, financial barriers or lack of knowledge can inhibit 
implementation, despite intent to control the disease. Successful implementation of control 
measures on farms requires motivation of farmers and creation of feasible external 
circumstances, which allow those with intent to proceed to implementation. Intrinsic and 
extrinsic circumstances and motivators are expected to have different impacts on farmers 
depending on where they are in the process of change13, 14. To design a concise and targeted 
advice to support farmers through the decision-making process, more information is required 
on the baseline perception and control level among farmers. This paper presents a pilot 
investigation into zoonotic control levels on English and Welsh (E&W) cattle farms and 
develops tools and models adapted from public health to measure and structure such 
investigations. Our approaches can be considered an initial step in facilitating and monitoring 
the implementation process of disease control programs at farm-level. 
 
The objectives of the study were to 1) explore the perception of responsibility for zoonotic 
control among cattle farmers; 2) identify intrinsic or extrinsic constraining circumstances, 
which influence the implementation of a control program using a ‘pathway to disease control’ 
model and 3) establish motivators associated with different stages in the behavioural science 
model.  

MATERIALS AND METHODS 

Theoretical framework 
Behavioural change is a complex process and multiple models exist, which describe the 
pathway and the link between perception, attitude, intent and behaviour 11, 14, 16. A model 
based on the Theory of Planned Behaviour describes the influence of attitudes, beliefs and 
social norms on obtaining intent, which is considered a necessary but separate step to 
progress into action7. This model was extended by Panter-Brick et al. into a socio-ecological 
model to include external circumstances particularly influencing the step from intent to 
action and considered the importance of sustaining and maintaining to control once 
implemented14. Because external circumstances and motivators influence livestock farming to 
a large extent, we adapted the Panter-Brick model to describe the circumstances influencing 
cattle farmers in their decision-making process, when considering whether to implement a 
disease control program. The model and the terminology were adjusted to slightly to 
concepts easily understandable for animal health professionals. The developed model: 
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“pathway to disease control” proposes four main stages in behaviour change: no intent, 
intent, implemented control programme and sustained control and illustrate how intrinsic 
circumstances affect the intent to change behaviour, but once that is obtained, extrinsic 
factors influence the step from intent to the action of implementation. Figure 1 shows 
“pathway to disease control model”, which describes the process of implementation of 
disease control programs on farms and includes factors that influences progress between the 
stages (fig. 1).  

 
Figure legend: Black boxes= steps in behavior change process; circle = Figure wanted outcome; gray 
boxes= circumstances with influence; non-dashed arrows=movements towards wanted outcome; 
dashed arrows= indicate where circumstances affect movement between steps. 
  
Figure 1. A ‘pathway to disease control’ model for veterinary medicine modified from Panter-Brick et 
al., 2006 
 
Farmers in the first stage with no intent to control have not yet entered the model 
framework and need to overcome intrinsic circumstances and barriers to progress into the 
second stage of intent. Intrinsic circumstances consist of three main groups: 1) Behavioural 
beliefs, which determine the attitude towards any issue. These are often based on personal 
experiences and personal core values including perception of right and wrong or good and 
bad behaviour. Attitudes can be influenced or changed by increasing focus on successful 
experiences and demonstrating how core values agree with the recommended change. 2) 
Normative beliefs, which are determined by perception of social norms. Social norms are 
derived from the perceived expectations of close social networks such as family, local 
community, faming/veterinary collaborators and maybe industry partners. Peer pressure will 
in particular influence a person’s normative belief. 3) Belief in self-efficacy is the perception 
of and confidence in the ability to carry out the behaviour change and sustain the new 
behaviour and is more complex than whether or not something can be done or works in 
reality. Objective information does influence this belief, but advice from trusted sources or 
people who are perceived as “equal” are much more likely to change belief in self-efficacy11. 
Demonstration farms or areas, which have accomplished disease freedom or high outputs, 
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are often used as an effective way to influence the belief in self-efficacy in less confident 
farmers, because it proves not only effectiveness, but also that ‘someone like you’ has the 
ability. 
 
Once the stage of intention have been reached, extrinsic factors are more likely to influence 
and potentially inhibit progression into stage three of actual implementation of a control 
program (action). Extrinsic factors can be considered less emotional and depend less on 
individual perception. Even-though a person can provoke slight changes and optimize their 
own situation within extrinsic circumstances, major alterations to these are outside the 
individual’s control. For livestock farmers, three main extrinsic areas influence progress from 
intent to implantation of a disease control program: 1) Community and industry influences 
the progress to action. Norms, stigmas and tradition of the livestock industries and 
associates or within the rural community are of great importance in a farmer’s decision-
making process. It requires a great effort to go against tradition or stand outside a 
communal decision, if an action goes against the community’s norm. Financial pressure or 
norms within the communities or industries might also play a role. 2) Cultural and societal 
circumstances include laws and regulations as well as economic viability, ethical and moral 
values of consumers and society in general. Livestock farmers might be able to influence 
these to some extent, but (inter)national campaigns and centralized interventions are often 
needed for major alterations.  3) Knowledge, skills and ability include the access to and 
availability of knowledge and specialist skills or even the ability to finance the control 
program, while keeping a viable enterprise. A farmer can actively change his/her status 
within this area by education, acquiring new equipment/skills and updating knowledge. 
However, if the knowledge or equipment has not been developed or designed, external 
intervention might be needed to provide innovation and research to meet the requirements.   
 
Once a control program has been implemented by farmers in stage 3 of the ‘pathway to 
disease control’ model, sustaining the control is the next stage. Trial periods to create good 
habits, monitoring effects, financial rewards, benchmarking, acknowledgement for effort 
rather than effect, effective information flow and audits are commonly used to encourage 
sustainability. However, no structured information is available on the relative effect of these 
motivators to sustain compliance with an implemented control program on livestock farms 
and this should be investigated further.     

Practical methodology 
Study population 
A total of 57 cattle farmers were previously enrolled in an intervention trial to investigate the 
effect of control measures on VTEC O157 in young stock, where the selection method and 
eligibility criteria have been described and discussed in more detail5, 6. In short, the studied 
farms originated from a pool of 411 farms in England and Wales, which were initially 
approached for participation through their private veterinary practices on the request of the 
Veterinary Laboratories Agency. A total of 255 farmers agreed to an initial VTEC O157 
screening visit and eligibility check. Farms were eligible, if they stocked more than 60 cattle 
with a minimum of 20 young stock, were TB-negative and if the premises were not shared 
with any public access enterprises such as open farms, Bed & Breakfasts or farm-shops and 
did not sell unpasteurized milk. Of the 87 VTEC O157 positive farms, 57 agreed to participate 
in the randomized controlled intervention trial and were later approached for participation in 
this study. During the trial, all farms were positive for VTEC O157 and all farmers were 
informed of the risks to humans. The study ended in April 2005 with a visit from the local 
veterinary investigation officer (VIO), who had been the contact through out the study, to 
explain results and discuss experiences of participation. In January 2006, each farmer was 
contacted by the VIO via letter and telephone to assess whether they would agree to 



~ 7 ~ 

 6

another visit on the farm to be interviewed about their perceptions, attitudes and opinions 
about control of zoonoses in cattle. The farmer was offered no incentive to participate apart 
from a ‘chat’ with the VIO and an opportunity for the farmer‘s opinions and ideas to be 
presented to the policy makers.  
 
Interview design  
A discussion group, which included veterinarians, epidemiologists and risk analysts, identified 
topics, methods and potential problems of the planned interviews. The topics and methods 
were then further discussed with the Veterinary Laboratories Agency’s expert cattle 
veterinary group and with other VIOs who would be conducting the interviews and all 
contributions were collated in the design of the interview. 
 
A combination of a standardized open-ended interview followed by an informal conversation 
technique was used2. The standardized open-ended interview approach was used for the 
main topics to ensure responses from every farmer for the analysis and to minimize the 
variation in questions asked when using multiple interviewers. For this part of the interview a 
standardized interview ‘check-list’ was used (available on request) and designed as a 
multileveled outline with main open questions in the first level and more in-depth questions 
in the second. The third level consisted of prompting words, which could be used in case the 
farmer did not understand the question or simply to get the farmer back on track. The 
informal conversational technique was used to allow farmers to tell the interviewer what was 
of importance to him/her within each topic without issues being limited by presumptions 
made by the research team.   
 
Attributes of the farmers were collected at the end of each interview using closed questions 
with tick boxes to obtain information on age, gender, role on the farm, number of children 
under the age of 10, whether they knew of anyone who had suffered from zoonotic disease, 
whether they lived on the farm, the main enterprise and any membership of cattle or 
breeding associations.  
 
The interview technique and ‘check-list’ were piloted on one farm by a team comprising the 
project leader (observer) and a participating VIO (interviewer). After the trial, the ‘check-list’ 
was revised and instructions were included and sent to the ten regional VIOs, who were 
commissioned to do the interviews. Preferably, the VIO had personally been the farmer’s 
point of contact during the previous trial, but if this person were not available another local 
VIO would carry out the interview. The interview procedures were discussed by phone with 
each VIO to allow for questions or uncertain issues to be clarified and discussed before the 
interviews. The interviewers were encouraged to use the topic sheet as guidance rather than 
ask direct questions and to allow the farmers to elaborate and talk about any topic for as 
long as they wanted. The open-ended interviewing technique was chosen to allow the 
talking patterns to remain as ‘normal as possible’ during the interview to encourage 
openness and information flow.   
 
Before the interview, the farmer was informed that none of the questions had right or wrong 
answers and that any opinions s/he wanted to express or further topics to discuss were 
welcome. The farmer was assured that the interview and the attributes would be coded and 
would not be linked to any details given during the previous trial including addresses, names 
or interviewer. If the farmer agreed, the interviews were recorded on a Dictaphone and the 
tapes along with attribute details were sent to the Centre for Epidemiology and Risk Analysis, 
where the tapes were numbered consecutively, transcribed and stored under that number 
only. For confidentiality reasons, the analyst was blinded to the identity of both the farmer 
and the interviewer, when analyzing the data.  



~ 7 ~ 

 7

 
The sequence of the main topics of the interviews was chosen to allow the farmer and 
interviewer to relax and become accustomed to the Dictaphone before sensitive topics were 
addressed. Initially every day practices were discussed before exploring risk knowledge and 
cognitive implemented control measures with the farmer, which then progressed into more 
abstract thinking, talking about motivators and preferred referents. This was used as a 
gateway to expand the focus from their enterprise to the external factors of society, where 
the farmer was asked to frankly distribute responsibility and talk about his/her own feeling of 
responsibility as part of society. The interview then moved to what was expected to be the 
most sensitive topic of financial responsibility and ended by encouraging the farmers to 
mention any other topics, concerns or messages that s/he wanted to reach the policy-
makers.     
 
Interpretation of the interviews 
All relevant information was deducted from the transcribed interviews or electronic version of 
non-recorded interviews using MAXQDA software (www.maxqda.com). 
 
Perception of responsibility 
The farmers were classified according to where in society (farm, retailer, consumer, 
government) they placed social and financial responsibility for safe cattle produce. 
Univariable statistical analyses (X2 and t-tests depending on the nature of the attribute) were 
used to explore whether any farmer attributes were associated with the distribution of 
responsibility.   
 
Circumstances and barriers 
The ‘pathway to disease control’ model modified from Panter-Brick et al, 2006 was used to 
illustrate and describe the barriers identified throughout the interview14. Any constraining 
circumstances mentioned by any farmer throughout the interviews were classified as intrinsic 
or extrinsic circumstances and entered into the model. The intrinsic barriers were sub-
divided into circumstances inhibiting either behavioral beliefs, normative beliefs or the belief 
in self-efficacy and the extrinsic circumstances were sub-divided into external and societal 
barriers, internal and industry barriers or knowledge and ability barriers.   
 
Classification of farmers at stages in the pathway to disease control model 
To determine whether the farmer showed intent to control or had implemented a control 
program, the farmer was prompted to talk about a zoonotic pathogen of his/her choice and 
elaborate on what s/he did on a daily basis to control the spread to humans. The number of 
practices, which were mentioned in direct association with reducing spread of zoonotic 
agents, was interpreted as cognitive actions. Four levels of cognitive actions were identified: 
no actions, 1 action, 2 actions and >2 actions. An action was only considered as cognitive if 
it was mentioned and applied as a direct intent to protect against zoonoses, i.e. it is 
expected that most farmers wash their hands regularly, but hand-washing was only classified 
as an applied control practice if the farmer mentioned it as a control measure to protect 
people. Applying individual practices to protect people from zoonotic agents was interpreted 
as showing intent to control and the more control practices applied, the more intent was 
shown.  
 
The presence of a structured plan to control against one or more zoonotic agents to protect 
staff and visitors and deliver safe produce was interpreted as an implemented control 
program.   
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Crude associations between the different stages in the pathway to disease control model and 
farmer attributes were assessed using univariable logistic regression models and only 
significant results (p<0.05) were reported.  
 
Motivators and preferred referents 
The farmers were asked what would influence their decision to implement disease control, 
where they would seek advice, whom they would listen to, and finally who could convince 
them to implement control measures.  
 
The questions of motivators were initially posed as open questions, but if the farmer did not 
reply, the interviewer asked whether this or that motivator (from the ‘check-list’) would 
influence the decision. Motivators that were not mentioned by the farmer or were described 
as non-influential after being mentioned by the interviewer were coded equally as negative.  
 
The intrinsic motivators listed in the ‘check-list’ were the private veterinarian, other farmers, 
proof of effect and cattle/breeding societies. Personal knowledge of someone with a zoonotic 
disease, having small children, improved health and safety for people on the farm and 
improved animal welfare were also considered to influence the intrinsic circumstances of 
beliefs and attitudes. Extrinsic motivators on the ‘check-list’ included consumer-demand, 
government recommendation, legislations, financial penalties or gain controlled by any other 
part of society dependent on implementation of a control program. Any prompted or 
unprompted motivators that were mentioned at any time during the interviews were also 
included. 
 
Associations between farmer attributes and motivators were assessed using univariable 
logistic regression. A p-value <0.05 was considered significant and non-significant 
associations were omitted from the result chapter.   
 
To assess whether preferred motivators differed between farmers at different stages of 
intent, the ordinal variable for the strength of intent to implement a control program was 
fitted as dependent variable in multivariable ordinal logistic regression model. Initially, all 
motivators (extrinsic and intrinsic) were included in the model and the final model was 
derived by stepwise elimination of variables with p-values larger than 0.1, which was 
considered the significance level. The parallel regression assumption was verified using an 
approximate likelihood-ratio test. Intercooled STATA 9 was used for all statistical analyses 
(STATA Corp., College Station, Texas)  

RESULTS 

Study population 
Forty-six farmers out of 57 contacted agreed to an interview resulting in a participation rate 
of 80.7% and all were visited and interviewed between December 2005 and March 2006. 
One farmer did not want his/her interview recorded and one interview was conducted in 
Welsh (and not recorded). The unrecorded interviews were both summarized by the VIO and 
delivered as written reports. Three interviews were recorded with a lot of background noise, 
which resulted very few audible whole sentences and they were excluded from the analyses 
to avoid misinterpretation. Two farmers did not provide attribute details and were, thus, not 
included in table 1. However, their interviews were included in the remaining analyses, 
yielding a total sample size of 43 interviews of which 41 were supported by attribute 
information.    
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Table 1. Attributes of 41 cattle farmers interviewed about the perception of zoonoses control. 

Attribute 
 Number 

of 
farms 

Age (years) 25-35 5  
 36-45 15  
 45-60 16  
 >60 5  

Gender* Female 5  
 Male 35  

Role on farm Manager 15  
  Owner 12  
 Both 14  

Lived on farm Yes 34  
 No 7  

Has children < 10 years of age* Yes 12  
 No 28  

Know someone who suffered from  Yes 25  
zoonotic illness No 16  

Member of cattle/farmer society Yes 31  
 No 10  

Main production on farm Dairy 31  
 Beef 10  

Had side enterprise Yes 25  
 No 16  
*Missing values are omitted    

 
The average size of the farms was 314 cattle in their main enterprise ranging from 57-1000. 
Dairy enterprises (mean=329; median=300) tended to be larger that beef enterprises 
(mean=272; median=222) and larger enterprises (average herd size of 358 cattle) were 
more likely to have an additional cattle enterprise than small ones (average herd size of 256 
cattle) (p(t)=0.039).  
 
The majority of the interviewees were male, but five women were interviewed. One of these 
was a manager; one both owned and managed the farm whereas the remaining three 
categorized themselves as owners only. Children under 10 years of age lived on eight of the 
farms. 

Perception of responsibility 
All but two farmers believed they had a social responsibility to produce safe products and 
control zoonoses on their farms (table 2). Seven farmers emphasized the responsibility of the 
consumer to store, prepare and clean the products properly and thus, accept that pathogens 
can be in products at purchase and some risk to transfer up the food chain. 
 
Table 2: Placement of social responsibility for safe cattle produce by 41 English and Welsh cattle 
farmers.  

 No.  of 
farmers 

No. of farmers placing 
responsibility on this group only 

Farmer 39 6/39 
Retail 18 1/18 
Consumer 14 0/14 
Government  22 1/22 



~ 7 ~ 

 10

Approximately half of farmers (20) believed that the government had some social 
responsibility for safe cattle products, such as milk and meat, 19 placed the social 
responsibility solely in the private sector. Only two farmers had the attitude and beliefs that 
cattle farmers had no social responsibility to deliver safe products and one of these believed 
that it was solely the responsibility of the government to ensure food safety. Thirteen 
farmers placed the social responsibility solely between themselves (farmers) and the 
government, whereas another eight said that farmers, retailers, consumers and government 
all had a social responsibility.  
 
Younger farmers were more likely than older farmers to exclude the government from 
responsibility, believing food safety was a matter for the private sector (OR (linear): 0.42 [0.18-
0.97], p=0.04). No other attributes were associated with social responsibility distribution.  
 
Twenty-one farmers (55.3%) were willing to finance control of zoonotic agents (table 3). A 
total of seventeen farmers did not feel committed enough for financial investments and two 
of these stressed this specifically. Only three farmers thought that the financial responsibility 
should solely fall on the primary producer.  Approximately half of the twenty-one farmers 
willing to finance control wanted to keep the expenses in the private sector with no 
involvement of the government. These farmers suggested various combinations of the 
farmers, retailers and consumers carrying the costs of zoonotic control with no involvement 
from the government. Four of these stressed strongly that the government had no role in 
financing an intervention. Seventeen (44%) of the farmers believed that the government 
should carry some of the expenses for zoonotic control and four of these wanted the 
government to pay the entire costs of zoonotic control. More than half of these (9) 
suggested a combined farmer/government financed scheme, whereas two farmers believed 
that cost should be shared between consumers and government. The remaining six farmers 
placed the financial responsibility on everyone: farmers, retailers, government and 
consumers.  
 
Table 3: Distribution of financial responsibility to ensure safe cattle products according to 38 English 
and Welsh cattle farmers. 
 
 

 

 

 

 

 

Circumstances and barriers influencing implementation of zoonotic control 
Sixteen farms made unprompted remarks about the need for international rules and stronger 
laws about imports and branding of imported products. Frustration was expressed over two 
main contradictions perceived: 1) The intent to decrease the risk to human health was futile 
when there was lack of control with imported products and 2) The power of retailers to 
demand assurance schemes, when they wanted products as cheap as the non-assured 
products they could import from abroad. As expressed by farmer 3: “There is no point in me 
going out on a limb losing money…….if the supermarkets are just going to turn round and 
say you have still got to produce it for the same price as Country X, because otherwise we 
are going to buy it from Country X”. Some farmers mentioned that the limited profit margin 

 No. of  
farmers 

No. of farmers suggesting 
full expense coverage by 

this group 
Farmer 21 3/21 
Consumer 21 7/21 
Retailer 11 0/11 
Government 18 4/18 
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influenced quality, safety, health and welfare of their cattle. Some blamed the government 
for failing to control the power of UK supermarkets and for inadequate import legislation.    
 
Nine farmers mentioned frustration with the lack of organization among farmers. Some 
believed that an organized farming community could ensure better prices for their products. 
Some farmers remarked that disease control (both endemic and zoonotic) was futile if only a 
fraction of UK farmers practiced it and some thought that proper control could only achieved 
by central (governmental) intervention and enforcement. Farmer 10 said “….but it's got to be 
across the board. It's no good 10% of the farmers doing it. It's got to be 100%” and farmer 
17 agreed: “…if we were a better organised industry then [we would] get more from the 
purchases of our products, that's the way it should work…” 
 
Fifteen farmers mentioned the need for educating the public both in relation to handling food 
properly, but also to respect farming as a trade like all others. Farmer 25 said: “I think 
education really for the housewife herself; she's got quite a responsibility”. Lack of respect or 
understanding among the public for farmers’ need to carry out certain practices to run their 
business were mentioned and examples included people, who had chosen to live in a rural 
setting, would complain about tractors on roads or the presence of fencing around fields. 
More production related examples included the lack of knowledge shown by the public about 
the origin of food and animal husbandry and farmer 31 expressed a need for “…a way of 
educating youngsters to what's going on in the countryside”. Several times the link between 
a potential food scare in an estranged population and a disaster for the industry was 
mentioned. Farmer 46 suggested the solution could be to ”…have open days on farms, 
where people can actually come and learn where their food is coming from, because the 
majority of the British public hasn’t got the faintest idea. They wouldn't know if it was a cow 
or a bull, if they touched it in a field, and I think that's a sad state of affairs“. To counteract 
this, some farmers allowed school classes to view milking and to touch the animals and one 
farmer (46) explained how s/he had put information boards up along the public footpaths on 
his land explaining the use of the land: “We produced boards with information on, about 
organic really, but telling you about the plants and animals that you would see….”. Two 
farmers had generated side businesses out of the teaching and were rebuilding fields and 
milking parlours for the purpose of public viewing and education.          
 
Twelve farmers requested further information on zoonotic control and said that they wanted 
to do something against zoonoses in their cattle, but didn’t know what. Some farmers 
preferred information disseminated through meetings, others pamphlets and some emails or 
CD-roms. Other farmers were strongly against pamphlets and written information and talked 
about ‘information overload’ and fragmented advice that made little sense to their daily 
enterprise. Farmer 15 expressed that: “If it is coming from government or government 
agencies then it's got to be done intelligently and concisely. You don't want heaps and heaps 
of stuff coming through [the door]”. The need for holistic information was also repeatedly 
mentioned including farmer 25, who said “The last thing you want is a thirty or forty page 
document just on E. coli”. One farmer suggested regular newsletters that in a short and 
concise way touched on several subjects in one magazine and others suggested using the 
trade magazines to disseminate information. Several farmers mentioned that participating in 
the VTEC trial had made them aware of hand washing and zoonotic risks.  
 
An overview of the most common barriers mentioned by farmers, when classified as intrinsic 
and extrinsic factors was illustrated using the ‘pathway to disease control’ model (fig.2). 
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Classification of farmers at stages in the pathway to disease control model 
None of the farmers had implemented any structured program to control zoonotic agents in 
their herds, but 20 farmers (48.8%) exhibited intent to control by applying at least one 
measure to avoid spread to humans. Seven farmers mentioned and applied one control 
action; six farmers two control actions and seven farmers applied several hygiene and 
management interventions and showed a strong intent to control zoonotic agents. However, 
none of the farmers applied interventions consistently enough to be considered to have a 
structured implemented control program in place. Two farmers were classified as missing 
values in respect to which stage they were at, because the topic was not pursued by the 
interviewer. 
 
None of the farmers had a structured control plan and since a haphazard approach is 
unlikely to result in a reduction in agents, no farmers were classified as having implemented 
a control program. However, use of individual measures suggested that barriers in attitudes, 
social norms and self-efficacy were overcome and that intentions were in some cases 
transformed into actions, despite external barriers. The group of farmers with strongest 
intent were more likely to be younger than 45 years of age (p=0.03) and had larger herds 
(p=0.04) than the farmers, who showed no intent of control. 
 
A total of 21 farmers did not mention any hygiene measures that they applied with the intent 
to reduce risks for humans. They generally expressed positive attitudes towards zoonotic 
control on farm, but were inhibited by other intrinsic circumstances such as lack of belief in 
self-efficacy or normative beliefs. Only two farmers expressed very negative attitudes, which 
seemed to embrace disease control in general.  
 
The majority of farmers expressed concerns for the health and safety of visitors. The need 
for interventions with regards to visitors coming on to the farm was motivated mainly by two 
attitudes: either visitors were perceived as a biosecurity risk for the herd or the animals were 
considered a safety risk (physical or infectious) to the visitors. The risk of physical harm to 
visitors appeared to be a stronger driver for precautionary action than the risk of zoonotic 
transmission, which was more likely to cause concern but did not necessarily result in 
precautionary action.    
 

Motivators to progress within the ‘pathway of disease control’ model 
The majority of farmers (65%) would implement a control program, if recommended by their 
private veterinarian. In general, the farmers expressed great trust in their veterinarians and 
felt that the private veterinarians worked for and with them. Only one farmer positively 
stated s/he would listen to breeding or cattle societies’ recommendations, whereas three 
farmers stressed that they would not listen to recommendations from breeding or cattle 
societies.  
 
Improved animal welfare would influence the decision of nine farmers and people’s health 
and safety (staff and family) would encourage a further six farmers to control zoonotic 
agents. The farmers motivated by welfare had larger enterprises than the ones, who were 
not (460 cattle vs. 279 cattle: p=0.01).  
 
Twenty percent of the farmers revealed that recommendations from the government would 
influence their decision to implement control measures positively. Of the remaining 32 farms, 
six stressed that Defra recommendations would not have any influence on practices on their 
farms. Ten farms would implement measures if legislation was passed, whereas one farmer 
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emphasized that legislation would not have any influence on his/her decision. The remaining 
29 farmers did not mention legislation as a motivator. 
 
Eight farmers mentioned that consumers influenced their decision to implement controls 
either through demand for VTEC-free produce or through the fear of losing consumer 
confidence in the produce, e.g. due to a media-scare. One third of the farmers would listen 
to their customers if they demanded control measures, especially if rewards or penalties 
were connected to implementation. Seven farmers said that they would be motivated by 
financial gains or penalties, independently of where they originated. 
 
Table 4. Preferred motivators identified by farmers with intent to control zoonotic agents in their cattle 
compared to farmers with no intent.   
 

 Coefficient CI 95% P-value 
Financial incentives or penalties 4.32 2.1; 6.6 <0.001 
Consumer demand 1.64 -0.08; 3.4 0.061 
Recommendations from veterinarian -1.75 -3.3; 0.23 0.024 
Proportionality of odds likelihood ratio-test p=0.1, N=38 
 
Farmers with a strong intent to control zoonotic agents were more likely to be motivated by 
changes in extrinsic circumstances such as financial incentives or penalties and demand from 
consumers than farmers who did not intend to control (table 4). The farmers who did not 
show any intent were more likely to identify a trusted source (in this case their private 
veterinarian) as the best motivation to progress towards zoonotic control than their 
counterparts, who had already overcome intrinsic barriers.     

DISCUSSION 

Previous studies among English and Welsh (E&W) farmers established that changes to 
farming practices and behaviour cannot be adequately explained by profit maximization or 
equalization, but that attitudes, beliefs and social factors influence the decision making to a 
large extent 1, 3, 13. Behavioural models are widely used in commercial marketing and human 
health policy to identify motivators, which might increase the success of a behavioural 
change. The Theory of Planned Behaviour is a relatively basic model, which only 
encompasses intrinsic circumstances 1. The Stage of Change model further differentiates the 
initial progress into a pre-contemplation stage and a contemplation stage before the 
preparation stage (intent) is reached, but none of these models consider extrinsic 
circumstances in detail 15. Because the livestock industry is very dependant on market 
fluctuations and on the perception of their industry by society with increasing media focus on 
healthy and safe food, there is a need for socio-ecological behavioural models, which 
acknowledge and incorporate the influences of extrinsic circumstances on a farmer’s decision 
making process 12.  
 
Farmers without any intent identified their private veterinarian as preferred motivator, 
whereas this intrinsic motivator was significantly less important for farmers with intent to 
control zoonotic agents on their farms. The intent group of farmers was significantly more 
motivated by extrinsic factors such as consumer demands or financial incentives or penalties 
than farmers without intent. The rationalization behind differences in motivational factors 
can be explained by the Theory of Interdependence, which describes the social influence of 
different motivators. Experts, legitimate authority, coercive actions and rewards were 
considered useful in securing compliance (action), whereas information/marketing 
approaches and using ‘liked’ referents were essential for conversion of beliefs 11. Applied to 
our study, we observed that farmers, who showed no intent to control, needed a trusted 
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source to advise them to implement control, before they would consider any action. They did 
not identify barriers such as financial barriers, because extrinsic factors were not relevant to 
them as long as their belief in self-efficacy and normative beliefs of responsibility were 
lacking. The financial motivation was of greater importance to the other group of farmers, 
who had the beliefs and had overcome the intrinsic hurdles and were intending to control 
zoonotic agents within their herd. The agreement between behavioural science theory, our 
model “pathway to disease control” and our statistical analyses validates the application of 
our behavioural model to mimic behaviour change and identify effective motivators in 
relevance to animal disease control.   
 
Our model identified two groups of farmers with different barriers in the way of 
implementing zoonotic control on cattle farms. The differences identify a need for multiple 
communication tools and motivators to reach all farmers and eventually reduce zoonotic 
agents originating from cattle. The private veterinarian was seen as an impartial advisor 
working for the farmer, which suggests that the proportion of farmers with intent could be 
increased by educating private veterinarians to advise on zoonotic control. The farmers with 
intent could be encouraged to implementation of a feasible and targeted zoonotic control 
program and would be willing to carry the expenses within the industry, if consumers or 
clients demands and acknowledges the improved food safety. However, one of the biggest 
extrinsic barriers was lack of accessible knowledge on how to reduce zoonotic pathogens and 
a central body such as government, industry or even expert science organizations such as 
European College of Public Health can play a role in ensuring that targeted, effective and 
feasible control programs are available and that this advice/knowledge is the consistent, 
efficient and easily accessible. Acknowledgment of the different needs or motivators among 
farmers enables targeted support and encouragement and ultimately is more likely to result 
in action and successful implementation.   
 
Approximately half of the farmers in the study population showed intent to control zoonotic 
agents in their herds. This is likely to be an overestimate and should not be extrapolated to 
the general population of cattle farmers, because all participants were previously enrolled in 
a trial of zoonotic control on their farms. Despite the skewed study population, it is likely that 
the differences in motivators and characteristics between the farmers with and without intent 
are realistic and reasonably unbiased.    
 
Younger farmers and/or larger farms were more likely to intend to implement a control 
program than their counterparts and were also more likely to place financial and social 
responsibility with the industry rather than the government. A similar observation have been 
reported in England and Wales where progress and uptake of new environmental protection 
and conservation schemes were initially observed on larger farms and by younger farmers 3, 

13. It might present a basic human behavior that younger people are more dynamic and 
more willing to accept changes or it might present a changing attitude and perception of 
responsibility among E&W cattle farmers with good prospects of improved food safety in the 
future.  
 
We have presented a “pathway to disease control model”, which identified two groups of 
farmers, one without intent to control and one group with increasing intent, but none had 
implemented a control program. The validity of the model was supported by the results of 
the statistical analyses, which revealed that different motivators were identified as important 
by farmers with and without intent to control. More research and structured studies in the 
area of implementation and motivation for improving animal and public health is needed to 
confirm the trends and observations in our study, but we have presented and developed 
some tools and models, which can be applied to investigate and aid the adoption of other 
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disease control programs. The results showed that financial incentives or penalties would 
only be effective incentives for implementation of a zoonotic control program, if intent was 
already achieved. However, more than half of the cattle farmers in our study did not have 
the intent and financial incentives such as penalty schemes or subsidies are not likely to 
incentivise compliance and implementation in this part of the farming community. To ensure 
sufficient implementation in the population to achieve a measurable result, extrinsic 
incentives must be accompanied by motivators, which are aimed at converting the intrinsic 
values and creating intent.     
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DISCUSSION 
 
Control of bacterial zoonoses on farm is potentially controversial, because slaughter houses 
are an easier and cheaper place to target and reduce these organisms on meat to protect 
consumers36. Nevertheless, control measures in the slaughter house would not affect 
environmental transmission and risks to the public. In 1997, a clean livestock policy was 
introduced in UK red meat abattoirs, which forbade slaughter of visibly dirty animals with 
penalties for the farmer, who delivered dirty animals10. The legislation was mainly aimed at 
reducing VTEC O157 in the food chain, but implementation of the policy did not provoke the 
expected reduction in human cases of either VTEC O157 or Campylobacter jejuni /coli or 
other zoonotic pathogens18 . It is possible that the risk posed by a dirty animal was over-
estimated, which resulted in an overestimation of the impact of removing the risk. It is also 
possible that meat contamination from hides is of minor importance in the epidemiology of 
zoonotic bacteria.  
 
In the UK, the behaviour of the public is changing and contact with farm animals and 
recreational use of the countryside is increasing. Petting zoos and ‘open farms’ are 
experiencing a surge in popularity as locally sourced food is promoted and the public is 
striving for ‘back to nature’ experiences33. Domestic holidays are increasing in the UK and 
outdoors activities and lifestyles are appealing to a wider part of the population2. This shift is 
likely to benefit the livestock industry by improving the slightly tainted public image of UK 
livestock farming, but they also enhance the risk of direct transfer of zoonotic pathogens to 
humans and increase the probability of tracing specific outbreak strains directly to farms. 
Faecal contamination of the environment by cattle is today considered a major transmission 
route for VTEC O157 to humans and only implementation of interventions at farm level is 
likely to reduce this risk32.  
 
The three risk factor studies in chapters 2-4 identified nine different risk practices, which 
could be altered and potentially result in a reduction of either VTEC O157 or Campylobacter 
in young cattle. The randomised controlled trial (RCT) in chapter 5 identified the impact on 
VTEC O157 of removing a variety of risk factors including the ones identified in this study. 
This provided evidence that a zoonotic control plan consisting of 5 control measures is likely 
to reduce VTEC O157 and Campylobacter jejuni /coli in cattle between 3-24 months of age: 
Keep the bedding dry and clean, maintain stable rearing groups, empty and clean water 
troughs 2-3 times a month, avoid young stock contact between herds & keep a closed herd 
policy.  
 
The zoonotic control plan for young-stock was derived using a variety of scientific 
approaches striving to use the best evidence-base available. The evidence base for VTEC 
O157 control was very comprehensive with a state-of-the art field-based randomised 
controlled trial (RCT) and two statistically robust studies and supported by research from our 
neighbouring colleagues in Scotland14, 37. Field based RCTs are powerful tools to prove 
impact of interventions in a population5, 22. However, interpretation of outcomes of RCTs can 
be challenging and very limited experience is available in the veterinary science. In human 
medicine, three different interpretation methods are used to deal with lack of compliance: 
“per protocol”, “as-treated” and “intention-to-treat”. All three are based on the underlying 
assumptions that compliance is random and/or that compliance during the study are similar 
to patterns in the target population and that these remain stable12, 31. Compliance patterns in 
our trial were non-random and fairly low compared to trials testing one medication or 
vaccine, because of the need for complex behaviour changes to comply7. We observed that 
the patterns of compliance/application changed after the trial incentives were removed and 
we anticipate further change with time from trial or if a nationwide awareness campaign 
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were launched. This is likely to be a realistic reflection of compliance patterns in livestock 
farming and future intervention trials in veterinary medicine may need to consider applying a 
methodology to adjust for non-random compliance to obtain more accurate estimates of 
impact. The method applied in chapter 5 allowed maintenance of the effect of randomisation 
and of the power of a maximum sample size, while adjusting for compliance. This resulted in 
accurate estimates of effect, built on realistic assumptions and provided sufficient confidence 
that our control plan will be effective in reducing VTEC O157.   
 
The evidence base for the effect of control measures on Campylobacter was less robust than 
that for VTEC O157 and was derived from suggesting removal of risk factors rather than 
measured impact on shedding of the organisms in the population (chapters 2 & 3). Removal 
of risk factors may have a reducing effect, but the level of impact is uncertain and removal 
of some risk factors may only lead to a small or non-measurable reduction. Nevertheless, 
factors associated with Campylobacter shedding were derived from statistically robust 
studies carried out in the target population, which increased the confidence in the results. 
Comparative representative epidemiological studies from similar populations were non-
existent and provided no support for the identified risk factors in cattle. The papers in this 
thesis were the largest and most representative studies on this topic available in public 
domain at the time of publication.  
 
Both the risk factor identification studies in chapters 2 & 3 suggested that water quality was 
strongly associated with Campylobacter presence in young-stock. It is well-established that 
Campylobacter survive for long periods of time in fresh water and water-hygiene has also 
been observed to be associated with Campylobacter in broilers3, 20. Broiler flocks were less 
likely to be positive at slaughter, if drinking water was provided from public water supplies or 
if chlorine was added to the water on the farm6, 23. Long standing foot-dips with declining 
disinfectant concentrations have also been reported as a risk factor for Campylobacter in 
poultry25.  Public water supplies in the UK contain chlorine residues, but livestock drinking 
water from private supplies is rarely treated. It is possible that water troughs and standing 
non-chlorinated water enhances survival and allows infection of new animals and rapid 
dissemination of Campylobacter jejuni /coli through a broiler flock or a group of cattle. 
Frequent emptying and cleaning of water troughs may remove the bacteria reservoir and 
reduce re-infection of the cattle within the group and thus, reduce shedding.  
 
No common risk practices were identified for VTEC O157 and Campylobacter, apart from 
indoor housing. Where our studies showed that bedding hygiene and maintaining stable 
rearing groups were effective in reducing VTEC O157, surprisingly these did not appear to be 
associated with Campylobacter shedding. However, “indoor housing” could be a proxy 
measure of the bedding reservoir and the control point of clean bedding should not be 
considered exclusively for VTEC O157 control.  
 
All the control measures in the zoonotic control plan developed in chapter 2-4 are good 
husbandry practices or increased biosecurity measures, but instead of using the generic 
phrases of ‘improve the hygiene’ and ‘keep a stringent biosecurity’, we propose few 
practices, of which the majority are tangible, easy to relate to and envisage and realistic to 
incorporate in farming routines. In fact, dry bedding and maintaining stable rearing groups 
are both recommended in the Animal Welfare Code for cattle laid down by Department for 
Environment, Fisheries and Rural Affairs and supported by European legislation (Council 
Directive 91/629/EEC & 97/182/EC).  
  
During the age of 3-24 months of age, cattle are usually reared extensively in groups and 
while maturing, the animals are immunologically robust. They are in little need of monitoring 
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and handling as individuals and are often housed on perimeter fields or on sites with less 
supervision than young calves, suckler cows or the milking herd. Thus, control measures that 
require handling of the individual animal, such as repeated vaccination, medication or 
testing, are less likely to be adopted and sustained than more group-level targeted practices. 
Keeping the bedding dry, maintaining stable groups throughout rearing and keeping young 
stock from contact with other herds are all group-level practices, which can easily be 
implemented in the farmer’s routines, if initial incentives are present to convert them into a 
habit. Support of this was observed, when farmers continued to apply group level 
interventions after the removal of the study incentives (chapter 6). Implementation of a 
closed herd policy is a larger scale management decision and it is unlikely to be adopted due 
to VTEC O157 control, but may be implemented to avoid introducing endemic and 
economically important disease such as bovine tuberculosis, paratuberculosis and bovine 
viral diarrhoea and then contribute to the reduction of VTEC O157 as a side effect.  
 
The voluntary adoption of improved water trough hygiene described in chapter 6 in a large 
proportion of the study population was surprising, because the same farmers previously had 
characterised this practice as costly ~£700 per year and as a cumbersome and fairly difficult 
practice17, 19. However, once the practice was established in their routines, it was considered 
necessary to continue to maintain animal welfare standards. This revealed that some cattle 
farmers were willing to invest to implement control practices, even if benefits were 
intangible.  
 
Veterinary disease control motivation is traditionally based on neoclassical economic theory, 
which recognises profit maximisation as sole motivator for change and consider losses and 
gains to have equal value in decision-making9. Nevertheless, people’s decisions especially in 
regards to health are often influenced by a number of alternative choices including the 
endowment effect, where a person strives very hard to maintain status quo, but less hard to 
improve their situation16, 26, 30. A Dutch study showed that farmers were significantly more 
likely to implement mastitis control, if increase in somatic cell count yielded a penalty than if 
a reduction in somatic cell count resulted in a premium35. Farms or countries with high 
disease free status are often willing to invest in keeping this status by closing the herd or 
borders and implementing stringent quarantine and biosecurity measures. In contrast, it can 
be difficult to motivate farmers or countries of low health status to invest in measures to 
improve their status or even eradicate the disease, even if it would result in better trade 
options.    
 
The veterinary profession traditionally focuses on financial benefits, when promoting novel 
control practices to farmers and neglect other benefits. Financial gain functions as a 
motivator for action and is considered an extrinsic motivator. However,  it is less likely to 
influence intrinsic factors, such as beliefs and attitudes, which induce intent and thereby 
initiate behavioural changes as described in chapter 71, 27. If intrinsic factors are not 
supporting a behavioural change, sustaining of the new behaviour is unlikely, especially in 
the situation of zoonotic control, because of the lack of measurable progress21, 24, 27.  
 
The complexity of motivating farmers to change behaviour, needs to be acknowledged by 
the veterinary/advisory professions and motivators other than financial benefits need to be 
explored and explained. A very comprehensive study on the motivation for mastitis control in 
Dutch dairy farmers, revealed that factors like internal self-esteem and the pleasure of 
raising healthy animals were equally motivating as monetary incentives35. Compared with 
neighbouring Northern European countries, disease control uptake in UK cattle herds is often 
low even for endemic disease with measurable and financial benefits. Despite availability of 
new technologies or state-of-the-art practices with proven effect, cattle farmers’ uptake of 
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these is often slow and inconsistent. A variety of barriers towards improvement of oestrus 
detection methods among English dairy farmers has been reported, despite that a 
considerable financial gain was predicted to follow uptake11, 29. Similarly, a very low level of 
intent to bio secure cattle and sheep premises have been identified in the UK, even though 
biosecurity can control multiple endemic diseases and economic benefits are expected from 
investment13, 15. An emerging evidence base supports that predicted economic gains are not 
sufficient to ensure uptake of disease control practices for endemic diseases. The added 
challenges of control of asymptomatic zoonotic organisms emphasises the need for 
knowledge of a variety of motivators and their relative impact on uptake to prioritise and 
target risk communication and risk management efforts. 
 
Motivators impact differently on behaviour according to which stage the person is at in the 
behavioural change process and chapter 7 showed that this is also the case for farmers. The 
development of the social ecology model: ‘pathway to disease control’ presented a novel 
approach to veterinary science, where social science tools were used and modified to 
describe the disease control decision-making process in farmers. The adapted model was 
built using published models and evidence from human medicine8, 27. The model appeared to 
be a useful tool to guide promoters and advisors on how to prioritise efforts and funding in 
regards to implementation and can further be developed and adjusted, when more field data 
becomes available 4, 28. If barriers are known, it enables policy-makers to prioritise efforts of 
removing these barriers to create favourable beliefs or circumstances that will result the 
biggest positive shift in a population4, 28. The impact of removing either intrinsic or extrinsic 
barriers will depend on the proportion of the population with intent to apply a given control 
measure24, 27. Studies on farmer behaviour agree that farmers are not uniform and that 
different motivators are needed to encourage behaviour change in different sub-populations 
(chapter 7)4, 28, 34. The ‘pathway to disease control’ model could also be modified into a 
pragmatic tool to aid the veterinarians and advisors, when discussing zoonotic or endemic 
disease control with their farmer clients. The framework could help identify barriers, prioritise 
efforts and goals for the specific farmer and thereby provide advice and support according to 
ambition in herd health planning. Herd health planning offers an ideal opportunity for 
discussion and prioritisation of more intangible topics such a work/life balance, aspirations, 
zoonotic control and animal welfare. Successfully implemented herd health plans provide an 
opportunity for the farmer and his/her advisor to regularly monitor and discuss changes in 
ambitions and outcomes of herd health and food and environmental safety. Inclusion of 
zoonotic control strategies in herd health planning would generate a holistic perspective, 
where food safety of produce and herd health status are considered as equal challenges for 
the livestock enterprise. However to date, endemic diseases and zoonotic issues are often 
promoted as secular entities and barriers need to be removed to convince advisors of their 
responsibility in knowledge transfer and motivation of farmers in regard to zoonotic control13.  
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CONCLUSION 
 
This thesis has proposed a plan to control of zoonoses in young cattle and further explored 
the probability of uptake of such a plan. It has used traditional veterinary epidemiological 
methods as well as methodologies adapted from human medicine, novel to veterinary 
epidemiology, to obtain the best possible evidence base to fulfil both aims. 
 
Management practices, which affected the shedding of VTEC O157 and Campylobacter jejuni 
/coli in young cattle were identified and the impact of removing risk practices for VTEC O157 
was further established in a randomised controlled trial. A collation of these results 
generated a practical and feasible 5-point plan for reducing VTEC O157 and Campylobacter 
jejuni /coli in young stock consisting of:  
 

1) Dry and clean bedding 
2) Stable rearing groups  
3) Empty and clean water troughs 2-3 times a month  
4) Avoid young stock contact between herds  
5) Keep a closed herd policy 

 
The control plan is likely to improve public health, if it is implemented in a large proportion 
of cattle farms. This is a difficult achievement for risk managers, because motivation for the 
individual farmer is not evident. Nevertheless, this thesis showed how some cattle farmers 
adopted new practices without any financial gains or apparent benefits, which suggested 
that they could be motivated to change practices by motivators other than financial.  
 
This thesis used an adapted social ecology model to establish that most cattle farmers had 
concerns about the presence of zoonotic agents in their herds and in principle had positive 
attitudes towards control. About half the farmers in the study population had intent to 
control zoonosis, whereas the other half showed no intent. Lack of belief in self-efficacy 
appeared to be the most common barrier for intent, whereas lack of organisation among 
cattle farmers, price squeezing from retailers, inconsistency between assurance demands 
and prices and lack of support from government and society were the most important 
extrinsic barriers. Motivators varied depending on whether a farmer had intent to control or 
not and suggested that ‘one-fits-all’ solutions may not be the most successful. Farmers 
without intent wanted advice from a trusted source such as their private veterinarian, which 
concurred well with the theory that a trusted source influences intrinsic factors. Farmers, 
who had an intent to control, were significantly more likely to look for changes in extrinsic 
circumstances, such as financial incentives or consumer demand to enable implementation of 
a control plan.     
 
The overarching outcome of the thesis is that reduction of VTEC O157 and Campylobacter 
jejuni /coli infections in cattle is possible. The use of the right motivators and promotion 
strategies may enable uptake of these measures in the population to a degree, which will 
benefit public health.   
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FUTURE WORK 
 
In general, the control plan was built on the best available evidence-base, but the impact of 
the recommend control measures on Campylobacter jejuni /coli were not measured directly. 
It is possible that a risk factor or associated practice is not causal or strong enough to break 
the cycle of transmission and thus, will result in no reduction in agents, if removed. This 
could result in in-specific advice and recommendations, which demand more work than 
needed and could affect the farmer’s attitudes and beliefs in control and thus, undermine 
even the effective ones.  
 
A longitudinal randomised controlled trial would provide the best evidence of impact and 
most confidence in the control package to reduce zoonoses and potentially some endemic 
conditions on cattle farms. Less costly solutions could be a baseline study e.g. an abattoir 
study or national on-farm prevalence study before promotion and a similar measure for 
comparison in a few years time, when maximum implementation is reached. However, the 
outcomes derived from such a study approach will be highly influenced by the level of 
implementation and easily confounded by other changes in the industry and economic and 
political climate.  
 
Implementation and promotion of the control plan is paramount to result in a reduction in 
human cases. Because of the feasibility and intuitive comprehension of the identified 
measures, it is not unlikely that the majority of farmers will be willing to implement some or 
all of the measures. However, identifying relevant benefits and building a structured 
approach to promotion and implementation in collaboration with private veterinarians and 
the industry are highly recommended.  
 
Continued knowledge transfer and promotion of the zoonotic control plan could be 
undertaken via farmer trade magazines, advice through veterinarians and collaboration with 
herd health plan developers. A visible profile for zoonoses and zoonotic problems among all 
stakeholders including farmers, private veterinarians and industry is needed, where zoonoses 
are discussed as a threat to the industry alongside endemic diseases such as BVD or Johne’s 
disease. Cattle farmers are aware of the consequences of a consumer boycott or media 
scare due to safety issues and younger farmers are willing to embrace the problem as an 
industry issue. The integration of zoonoses into field veterinary science can be encouraged 
by discussing zoonoses alongside endemic diseases, whenever possible through surveillance 
reports, at conferences, meetings and workgroups.  
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Samenvatting 
 
Verocytotoxine producerende E. coli O157 (VTEC O157) en Campylobacter jejuni/coli zijn 
zoönotische pathogenen en daarom van belang voor de volksgezondheid. Deze pathogenen 
kunnen voorkomen bij rundvee. Besmet rauw, of niet gaar, vlees wordt gezien als een 
directe bedreiging voor de volksgezondheid. Echter, andere besmettingsroutes zijn ook van 
belang. Water en gewassen kunnen vervuild zijn door mest. Recente uitbraken konden 
worden teruggeleid naar spinazie en sla, welke werden beregend door vervuild 
oppervlaktewater of werden geteeld in recent met rundermest bemeste grond. De toename 
van recreatie op het platteland zorgt ook voor een toegenomen kans op besmetting. 
Beheersmaatregelen in het slachthuis leiden tot een afname van het risico van humane 
besmetting via consumptie van vlees. Beheersmaatregelen op de rundveebedrijven kunnen 
leiden tot een afname van humane besmetting via zowel vlees als andere besmettingsroutes.  
 
De eerste doelstelling van dit proefschrift was het identificeren van mogelijke, praktische en 
effectieve beheersmaatregelen om het uitscheiden van VTEC O157 en Campylobacter jejuni 
/coli bij rundvee te verminderen. Deze doelstelling is uitgewerkt door middel van een aantal 
epidemiologische studies, verschillend in opzet en resultaat. Als eerste stap, werden cross-
sectionele onderzoeken uitgevoerd om managementmaatregelen die gerelateerd zijn aan 
VTEC )157 en Campylobacter te identificeren. Daarna is een longitudinale cohort studie 
uitgevoerd naar dezelfde managementmaatregelen, maar dan rekening houdend met het 
effect van tijd. Ten slotte is het effect van een aantal geïdentificeerde 
managementmaatregelen en de uitscheiding van VTEC O157 bij rundvee onderzocht in een 
gerandomiseerde interventie studie. Op basis van de resultaten van deze epidemiologische 
onderzoeken, is een beheersplan voor VTEC O157 en Campylobacter jejuni/coli voorgesteld.  
 
Managementmaatregelen gerelateerd aan het voorkomen van Campylobacter jejuni /coli zijn 
geïdentificeerd door middel van een cross-sectioneel onderzoek bij jongvee (3-17 maanden 
oud) op 56 rundveebedrijven in Engeland en Wales. Campylobacter werd gedetecteerd op 
62,5 % van de bedrijven. Aanwezigheid van melkkoeien (Odds ratio (OR): 3,7; P=0,02), 
huisvesting binnen (OR: 4,6; P<0,01), eigen watervoorziening (OR: 2,5; P=0,02), 
aanwezigheid van paarden (OR: 3,2; P<0,01) en voeren van hooi (OR: 2,9; P<0,01) waren 
gerelateerd aan de detectie van Campylobacter. Hoewel de factor bedrijfsgrootte geen 
statistisch significant effect had op de detectie van Campylobacter (P=0,37), werd de 
goodness-of-fit van het model verbeterd wanneer deze factor werd meegenomen in het 
model.  
 
Risicofacteren voor, en uitscheidingspatronen van Campylobacter jejuni/coli werden verder 
onderzocht in een observationele longitudinale cohort studie. Ook risicofactoren voor E. coli 
O157 werden hierin meegenomen. Dertig groepen jongvee op 30 bedrijven werden 
gedurende een periode van 7 maanden geobserveerd. Gedurende die tijd werd 4-6 maal 
getest voor E. coli O157 en Campylobacter om uitscheidingspatronen te karakteriseren en 
om risicofactoren te identificeren. De binnen-veestapel prevalentie van E. coli O157 varieerde 
van 0 tot 60 % (gemiddeld 24 %). De gemiddelde binnen-veestapel prevalentie van 
Campylobacter spp. was 47 %, variërend van 0 tot 100 %. Gedurende het onderzoek nam 
de prevalentie van bedrijven die positief waren voor E. coli O157 af volgens een lineaire 
trend van 100 % naar 38 % (OR: 0,5; P<0,01). Tijd had geen significant effect op de 
prevalentie van bedrijven die positief waren voor Campylobacter (P=0,13). Grotere bedrijven 
hadden een hogere kans om positief te zijn voor één of beide pathogenen. Ook werd voor 
beide pathogenen gevonden dat hoe groter het aantal zoogkalveren op een bedrijf was, hoe 
hoger de kans was om positief te zijn (OR: 0,4/0,6; P<0,01). Pluimvee op het bedrijf 
verminderde het risico op E. coli O157, maar was niet gerelateerd aan het risico op 
Campylobacter. Vaker dan eens per maand leegmaken en schoonmaken van drinkbakken, 
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verminderde het risico op Campylobacter. Veestapels die water kregen uit een eigen 
waterbron, hadden meer risico op campylobacter. Management rondom drinkwater was niet 
gerelateerd aan het risico op E. coli O157. Wanneer de dieren in een stal werden gehouden, 
was het risico op detectie van beide pathogenen bijna 5 maal zo hoog (OR: 4,9; P=0,03). 
 
Risicofactoren voor VTEC O157 zijn ook geïdentificeerd in een cross-sectioneel onderzoek op 
255 rundveebedrijven in Engeland en Wales. Variabelen die mogelijk het risico op besmetting 
konden verklaren, zijn verzameld voor zowel het gehele bedrijf als voor de groepen jongvee 
op het bedrijf. Op ieder bedrijf werd een groep jongvee (6-18 maanden oud) getest op VTEC 
O157. Uit het uiteindelijke multivariate logistische regressie model kwam naar voren dat de 
VTEC O157 bedrijfsstatus gerelateerd was aan toegang tot waterbronnen (OR: 0,3; P=0,01) 
en aan het minder vaak dan één maal per dag beoordelen van de vochtigheid van het 
ligbedmateriaal (OR: 4,4; P<0,01). Op groepsniveau werden geen risicofactoren gevonden 
voor dieren die buiten waren gehuisvest. Significante risicofactoren voor groepen dieren die 
in een stal waren gehuisvest, waren nat ligbedmateriaal (net: OR: 3,4; P=0,02/zeer nat OR: 
4,2; P=0,02), aantal dieren in de groep (10-15 OR: 2,7; P=0,13, 16-24 OR: 3,8; P=0,03, 
>25 OR: 3,8; P=0,03) en bijvoeren van stro (OR: 2,4; P=0,03).  
 
Een gerandomiseerde interventie studie is opgezet om het effect van drie complexe 
pakketten van managementmaatregelen op E. coli O157 te onderzoeken. De drie pakketten 
omvatten in totaal 10 verschillende managementmaatregelen voor groepen jongvee. Op 7 
bedrijven werd een pakket maatregelen (A) uitgevoerd, gericht op een schone leefomgeving 
van de dieren en het gesloten houden van de verschillende groepen jongvee. Op 14 
bedrijven werd een pakket maatregelen (B) uitgevoerd, gericht op een betere hygiëne van 
water en voer. Op al deze bedrijven werd een pakket maatregelen (C) uitgevoerd om de 
aanvoer van nieuwe dieren, direct contact met dieren van andere bedrijven en het 
gezamenlijk gebruik van waterbronnen samen met dieren van andere bedrijven te 
voorkomen. Aan de 26 controle bedrijven werd gevraagd om hun jongveemanagement 
gedurende de loop van het onderzoek niet aan te passen. Op bedrijven met pakket A nam, 
over de observatieperiode van gemiddeld 4,5 maand, E. coli O157 af met 48 %. Op de 
controle bedrijven nam, in dezelfde periode, E coli VTEC af met 8 %. Berekend met behulp 
van een intention-to-treat model, gaf toepassing van pakket A ten opzichte van de controle 
bedrijven een relatief risico (RR) van 0,26; P=0,12. De mate waarin de beoogde maatregelen 
werden toegepast door de bedrijven verschilde, maar was niet random verdeeld. Wanneer 
het model werd aangepast voor de daadwerkelijke toepassing van de verschillende 
managementmaatregelen, werd het effect van pakket A sterker en statistisch significant (RR: 
0,14; P=0,03). Droog ligbedmateriaal en het houden van het jongvee in dezelfde groepen 
waren de twee meest belangrijke (P<0,05) maatregelen om E. coli O157 te beheersen. De 
maatregelen betreffende een gesloten bedrijfsvoering (geen aanvoer van andere dieren en 
geen contacten met andere dieren) waren minder significant van belang (P<0,1). Het 
uitvoeren van andere maatregelen in pakket A had geen invloed op het effect van het 
pakket. Er kon geen bewijs worden gevonden dat andere maatregelen effectief waren in het 
beheersen van E. coli VTEC. 
 
Samenvatting van de resultaten van de epidemiologische onderzoeken gaf een praktisch en 
haalbaar 5-puntenplan om de prevalentie van VTEC O157 en Campylobacter jejuni/coli bij 
jongvee te verminderen. Dit plan bestaat uit de volgende punten: zorg voor schoon en droog 
ligbedmateriaal, houd de dieren in vaste groepen, reinig de waterbakken 2 tot 3 maal per 
maand, voorkom contacten met jongvee van andere bedrijven en voer geen dieren aan van 
buiten het bedrijf. 
 
Het feit dat het correct uitvoeren van maatregelen niet toevallig verschilde tussen bedrijven, 
leidde tot vragen over de factoren die de beslissingen van veehouders om 
managementmaatregelen te implementeren beïnvloeden. Voor een individuele veehouder 
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betekent de implementatie van een managementmaatregel een gedragsverandering. Deze 
zijn zeer moeilijk te voorspellen en worden beïnvloed door zowel persoonlijke overtuigingen 
als externe omstandigheden. Om een beheersplan voor zoönoses effectief te laten zijn, is het 
belangrijk deze maatregel met succes aan te prijzen, zodat een voldoende groot deel van de 
doelgroep het beheersplan ook implementeert. Kennis van de factoren die bij veehouders de 
toepassing van het beheersplan stimuleren of van de barrières die de toepassing 
tegenhouden zijn van belang om te weten hoe de toepassing van het beheersplan aan te 
prijzen. Voor veel zoönoses geldt dat het beheersen hiervan geen financiële voordelen biedt 
voor de veehouders. Dit maakt voor beleidsmakers het belang van kennis betreffende de 
motivatie van veehouders alleen maar belangrijker. 
 
De tweede doelstelling van dit proefschrift was om gedragsveranderingen van 
rundveehouders te bestuderen en om inzicht te krijgen in de factoren die hun besluitvorming 
rondom het toepassen van beheersmaatregelen tegen zoönoses beïnvloeden. Gedurende de 
uitvoering van het epidemiologisch onderzoek werd bij de deelnemende rundveehouders 
niet-rationeel gedrag opgemerkt. Dit droeg bij tot de hypothese dat veehouders gemotiveerd 
kunnen worden door andere dan financiële voordelen. Theorieën uit de sociale 
wetenschappen, gedragseconomie en aanwijzingen uit de humane geneeskunde zijn 
gecombineerd met kennis van de veehouderij. Dit leidde tot een raamwerk, dat gebruikt kan 
worden om gedragsveranderingen bij veehouders te bestuderen. In dit raamwerk gaan 
gedragsveranderingen via een aantal tussenstappen. Het raamwerk voorziet erin dat 
factoren die motiveren of als barrière dienen, bestudeerd kunnen worden in relatie tot de 
verschillende tussenstappen. Data zijn verzameld op rundveebedrijven in Engeland en Wales 
op basis van principes uit de epidemiologie en de sociale wetenschappen. De data bevatte 
zowel gegevens over het beheersen van zoönoses op deze bedrijven als de barrières die 
verdere implementatie van beheersmaatregelen voorkwam en de factoren die als motivatie 
dienden voor de veehouders.  
 
Een kort artikel beschrijft de waargenomen verandering in maatregelen die door de 
rundveehouders genomen zijn tijdens en na deelname aan een gerandomiseerde interventie 
studie. Na afloop van de interventie studie werden niet effectieve maatregelen door 55 % 
van de veehouders gecontinueerd, terwijl slechts 19 % van de veehouders andere, bewezen 
effectieve, maatregelen toe gingen passen. Deze observatie suggereert dat bewezen 
effectiviteit minder belangrijk is dan de vorming van gewoontes en dat veehouders bereid 
zijn maatregelen toe te passen zonder dat daarmee direct winst valt te behalen. Dit gegeven 
kan adviseurs stimuleren ook niet-economische argumenten te gebruiken bij de voorlichting 
rondom beheersen van dierziektes. 
 
Een theoretisch raamwerk is ontwikkeld, op basis van kennis uit de gedragswetenschappen 
en de humane geneeskunde: het “pathway to disease control” model. De validiteit van dit 
model is onderzocht met behulp van data van rundveehouderijen in Engeland en Wales. 
Daarnaast zijn motiverende factoren om beheersmaatregelen voor zoönoses toe te passen 
onderzocht. De data bestond uit interviews met 42 rundveehouders. Deze data zijn 
geanalyseerd om de ideeën van de rundveehouders betreffende een veilige productie van 
rundvlees vast te stellen. Daarnaast zijn de intrinsieke en extrinsieke barrières die toepassing 
van beheersmaatregelen tegen kunnen houden geanalyseerd. Het “pathway to disease 
control” model is gebruikt om te illustreren hoe deze barrières de toepassing van 
beheersmaatregelen beïnvloeden. Tevens is het model gebruikt om veehouders in te delen in 
groepen, afhankelijk van hun motivatie om zoönoses te beheersen. Statistische analyses zijn 
uitgevoerd om de relatie tussen de factoren die de motivatie kunnen beïnvloeden en de 
daadwerkelijke motivatie van veehouders vast te stellen. Jongere veehouders en veehouders 
met een groter bedrijf gaven vaker aan dat de financiële verantwoordelijkheid voor veilig 
voedsel bij de sector lag en niet bij de overheid. Alle veehouders, op twee na, accepteerden 
een sociale verantwoordelijkheid voor de productie van veilig voedsel. In het algemeen 
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waren de attitudes ten aanzien van het beheersen van zoönoses positief, maar werd bij 
ongeveer de helft van de veehouders de intentie om daadwerkelijk beheersmaatregelen toe 
te passen negatief beïnvloed. Deze negatieve beïnvloeding kwam door sociale normen en 
een gebrek aan vertrouwen in de mogelijkheden om zoönoses daadwerkelijk te kunnen 
beheersen. De andere helft van de veehouders liet een sterkere intentie om zoönoses te 
beheersen zien, maar had nog geen structureel beheersprogramma. Dit kwam door externe 
barrières, waaronder een gebrek aan kennis en culturele en economische druk vanuit de 
maatschappij en de rundvleessector. De veehouders die geen intentie hadden om 
beheersmaatregelen toe te gaan passen, gaven aan dat hun eigen dierenarts de 
belangrijkste persoon was om hen te motiveren. Voor de veehouders die wel de intentie 
hadden om zoönoses te beheersen, waren vraag van de consumenten en financiële 
tegemoetkomingen de belangrijkste factoren die hen motiveerden. Dit onderzoek is er één 
uit een groeiende groep onderzoeken, waar gedragswetenschappen gecombineerd worden 
met epidemiologie, om de toepassing van beheersmaatregelen om ziektes te bestrijden op 
de veebedrijven te stimuleren.  
 
Belangrijkste conclusies 
• Schoon en droog ligbedmateriaal, dieren in vaste groepen, twee tot drie maal per maand 
schoonmaken van de waterbakken, het voorkomen van contacten met jongvee van andere 
bedrijven en het voorkomen van aanvoer van dieren van andere leiden waarschijnlijk tot een 
verlaging van VTEC O157 bij jongvee (3-24 maanden). 
• Twee tot drie maal per maand schoonmaken van de waterbakken leidt waarschijnlijk tot 
een verlaging van de uitscheiding van Campylobacter jejuni /coli door jongvee. 
• Gemotiveerd door niet-financiële factoren, waren rundveehouders bereid nieuwe 
maatregelen te implementeren. 
• Op rundveebedrijven kan het creëren van gewoontes een effectief hulpmiddel zijn om 
beheersmaatregelen te implementeren. 
• Een combinatie van sociale wetenschappen en epidemiologie verhoogt het begrip van 
rundveehouders voor het toepassen van beheersmaatregelen. 
• Het ontwikkelde sociaal-ecologische “pathway to disease control” model was een nuttig 
en realistisch hulpmiddel om het proces rondom gedragsveranderingen te begrijpen en te 
visualiseren. 
• Een gebrek aan geloof in de eigen mogelijkheden leek de meest belangrijke barrière te 
zijn die de intentie om zoönoses te beheersen beïnvloedde. Een gebrek aan organisatie 
tussen rundveehouders, lage prijzen van afnemers, inconsistentie tussen eisen van afnemers 
en de betaalde prijzen en een gebrek aan steun van de overheid in de maatschappij waren 
de belangrijkste extrinsieke barrières om zoönoses te beheersen. 
• Rundveehouders zonder intentie om zoönoses te beheersen, zouden advies willen van 
een betrouwbare bron, zoals hun eigen dierenarts. Rundveehouders die de intentie hadden 
zoönoses te beheersen zochten financiële steun om beheersmaatregelen te implementeren.  
 
 



 1

ACKNOWLEDGEMENTS 
 
I would like to thank all the farmers, who have supplied data for this thesis and allowed us 
on their farms to sample the animals and discuss the perception of zoonosis. I would also 
like to thank VLA regional laboratory staff both in the laboratories and our veterinary 
investigation officers. Furthermore, I would like to thank  a lot of VIOs, veterinarians, policy 
makers, epidemiologists and farmers who have been willing to answer my endless questions 
about the circumstances and situation British cattle farmers to provide me with an insight 
into the mindset and values affecting the industry. I am grateful for their patience with my 
questions and for engaging in very valuable discussions with me about cattle farming in the 
UK.    
 
I could not have finished this thesis alongside my other work obligations without support 
from Richard Smith. He has been a great colleague through this time and played an essential 
part by managing field work, databases and ensured continuity as well as sparing in 
discussions of logistics and data crunching. I would also like to thank my other colleagues, 
who have worked on the projects and everyone else in Centre for Epidemiology and Risk 
Analysis for good discussions and support through this work. Especially because they put up 
with me, when the stress of writing a phD thesis alongside a full time job rose to the 
surface. Further thanks to Giles Paiba, who originally designed and initiated the VTEC field 
study and to Alex Cook for whenever possible allowing my work to follow topics of relevance 
to this thesis.   
 
I have a large thank you to my supervisors, Henk Hogeveen, Mirjam Nielen & Marion 
Wooldridge, who have been extremely supportive through this whole process, all the way 
from initiating contact, breaking down barriers of tradition, inspiring new thoughts and ideas 
and to completing the formalities of this thesis. I would especially like to thank them for 
putting up with the other commitments to my job, my frankness and my strong need for 
efficiency and autonomy. I feel that this collaboration has worked beyond expectations and 
that my initial worries about hurdles like variation in cultures and expectations, different view 
points, geographical distances and time constraints have been put to shame. More often 
than not, these factors were positive influencers rather than negative. It has been of great 
value for me to have worked with them and I have benefited greatly from their expertise, 
enthusiasm and support.    
 
Last but not least I am grateful for the support from my family and friends through this 
process. There is no doubt that pressure from my work was sometimes wrongfully released 
among family and friends. I want to thank everyone for their patience and for lending me 
time, ears and the occasional shoulder, whenever needed. 
 
     
 
 
 



CURRICULUM VITAE 
 
Johanne Ellis-Iversen obtained her Doctor of Veterinary Medicine degree from Royal 
Veterinary and Agricultural Univeristiy (now Copenhagen University) in Denmark in 2001. Her 
DVM thesis “The importance of Class 1 integrons and conjugative plasmids in transfer of 
resistance genes in clinical Shigella isolates from Vietnam” included work stays in Thailand 
and Vietnam. After graduation, she managed the microbiology section at Miljølaboratoriet 
Storkøbenhavn I/S (The Environmental Laboratory of Greater Copenhagen). In Spring 2002, 
she was awarded a National Research Council of USA post-doc residency at Dept. of Enteric 
Diseases at AFRIMS in Bangkok, which is part of the Walter Reed Army Institute of Research, 
USA. Her research objective during the residency was to investigate survival of human 
pathogenic Campylobacter in water and develop sensitive detection methods. In 2004, she 
was employed at Centre for Epidemiology and Risk Analysis at the Veterinary Laboratories 
Agency, UK. Whilst working here, she completed a Master of Science in Veterinary 
Epidemiology at Royal Veterinary College, London and obtained a diploma in Epidemiology at 
London School of Hygiene and Tropical Medicine. During completion of this thesis, she has 
continued to work at VLA, where her daily work spans from classical epidemiological such as 
research, surveillance and disease outbreak control to social epidemiology including human 
behavioural science, implementation and knowledge transfer. As part of her job she is also 
consultant epidemiologist for VLA’s expert cattle surveillance group and member of European 
Food Safety Agency’s expert work group on harmonisation of VTEC monitoring. 
 
PUBLICATIONS 
 
Peer-reviewed publications 

 
 Ellis-Iversen J, Smith RP, Snow LC, Watson E, Millar MF, Pritchard GC, Sayers AR, 

Cook AJ, Evans SJ, Paiba GA. Identification of management risk factors for VTEC 
O157 in young-stock in England and Wales. Prev. Vet. Med. 2007;82(1-2):29-41. 

 Ellis-Iversen J, Smith RP, Van Winden S, Paiba GA, Watson E, Snow LC, Cook AJ. 
Farm practices to control E. coli O157 in young cattle - A randomised controlled trial. 
Vet. Res. 2008;39:1-3. 

 Ellis-Iversen J, Cook AJC, Smith RP, Pritchard GC, Nielen M. Temporal patterns and 
risk factors for Escherichia coli O157 and Campylobacter spp. in young cattle. J. 
Food Protect. 2009;72(3):490-496. 

 Ellis-Iversen J, Pritchard GC, Wooldridge M, Nielen M. Risk factors for Campylobacter 
jejuni and Campylobacter coli in young cattle on English and Welsh farms. Prev Vet 
Med 2009;88(1):42-8. 

 Ellis-Iversen J, Joergensen F, Bull S, Powell L, Cook AJ, Humphrey TJ. Risk factors for     
Campylobacter colonisation during rearing of broilers in Great Britain. Prev. Vet. 
Med. 2009; 89: 178-184 

 Iversen J, Sandvang D, Srijan A, Cam PD, Dalsgaard A. Characterization of 
antimicrobial resistance, plasmids and gene cassettes in Shigella spp. from patients 
in Vietnam. Microb. Drug Resist. 2003;9(1):S17-23. 

 Arnold ME, Ellis-Iversen J, Cook AJ, Davies RH, McLaren IM, Kay AC, et al. 
Investigation into the effectiveness of pooled fecal samples for detection of 
verocytotoxin-producing Escherichia coli O157 in cattle. J Vet Diagn Invest 2008; 
20(1):21-7. 

 Smith R, Ellis-Iversen J, Snary E, Clifton-Hadley F, GA P. Factors influencing the 
presence and concentration of E. coli O157 and E. coli in farm waste on six cattle 
farms in North-West England. J Appl Microbiol 2009; 106:613–623. 



 Bull SA, Thomas A, Humphrey T, Ellis-Iversen J, Cook AJ, Lovell R, et al. Flock health 
indicators and Campylobacter spp. in commercial housed broilers reared in Great 
Britain. Appl Environ Microbiol 2008; 74(17):5408-13. 

 Smith RP, Paiba GA, Ellis-Iversen J. Short communication: turbidity as an indicator of 
Escherichia coli presence in water troughs on cattle farms. J Dairy Sci 2008; 91 
(5):2082-5. 

 Pritchard GC, Smith RP, Ellis-Iversen J, Cheasty T, Willshaw GA. 2009. 
Verocytotoxigenic Escherichia coli O157 in animals on public amenity premises in 
England and Wales 1997-2007. Vet. Rec.; In press.  

 Stewart ID, Smith RP, Ellis-Iversen J. Eimeria species in cattle on farms in England 
and Wales. Veterinary Record 2008;162(15):482-483. 

 
Proceedings, web publications & posters 
 

 Ellis-Iversen, J. and Hogeveen, H., 2009. Barriers and motivators for zoonotic control 
on cattle farms. SVEPM proceedings 2009.  

 Iversen, Smith and Paiba, 2006. Motivation of Cattle Farmers to participate in Trials 
and adhere to Measures for controlling Escherichia coli O157. ISVEE XI proceedings 
2006. 

 Ellis-Iversen, J., Smith, R.P., Cheasty, T., Smith, G. and Pritchard, G., 2008. 
Investigation of animal premises in England and Wales as potential sources of 
human Verocytotoxigenic E. coli O157. Proceedings of PEN conference, 2008. 

 Ellis-Iversen, J., Smith, R.P., Simons, R., Snow, L. and Paiba, G., 2008. The 
epidemiology of VTEC O157 in cattle-9 years of field studies. Proceedings of PEN 
conference, 2008. 

 Ellis-Iversen, J. and Van Winden, S., 2008. Control of E. coli O157 by applied 
management practices.  BCVA congress, 2007.  Published in: Cattle Practice, 16. 

 Ellis-Iversen, J. and Watson, E., 2008. A 7-point Plan for Control of VTEC O157, 
Campylobacter jejuni/coli and Salmonella serovars in Young Cattle. Oral 
presentation BCVA Congress 2008. Published in: Cattle Practice, 16, 103-06. 

 Ellis-Iversen, J., Evans, S.E., Humphrey, T.J. and Allen, V. A., 2007. Investigating 
pre-existing data to explore seasonal trends in Campylobacter prevalence in the UK. 
Poster at CHRO 2007. Published in: Zoonoses and public health, 54, 1. 

 Ellis-Iversen, J. and Smith, R. P. Changing Practices on Cattle Farms to Control 
Disease -Reported and Observed Drivers. Poster at SVEPM 2007. 

 Ellis-Iversen, J. and Winden, S. V., 2007. Control of E. coli O157- Recommendations 
for herd health plans. Poster at BCVA Congress 2007.  

 Iversen, J., Snow, L. and Smith, R. P. Pilot intervention study to reduce E. coli O157, 
Campylobacter and Eimeria in cattle in England and Wales. Poster at SVEPM 2006.  

 Smith, R.P., Ellis-Iversen, J., Simons, R., Snow, L. and Paiba, G., 2007. The 
epidemiology of VTEC O157-findings from 9 years of cattle studies. Poster at SVEPM 
2007.  

 Smith, R. P., Snow, L. and Iversen, J. Risk Factor Analysis of VTEC O157 on 255 
Cattle Farms in England and Wales. Poster at SVEPM 2006. 

 Iversen, J., 2006. Final project report project OZ0138: A longitudinal study of faecal 
excretion of VTEC O157 in cattle to determine epidemiological patterns and risk 
factors associated with excretion. DEFRA web page 

  


