Downloaded from orbit.dtu.dk on: Aug 25, 2019

Farm-level risk factors for Fasciola hepatica infection in Danish dairy cattle as
evaluated by two diagnostic methods

Takeuchi-Storm, Nao; Denwood, Matthew; Hansen, Tina Vicky Alstrup; Halasa, Tariq; Rattenborg, Erik;
Boes, Jaap; Enemark, Heidi Larsen; Thamsborg, Stig Milan
Published in:
Parasites & Vectors
Link to article, DOI:
10.1186/s13071-017-2504-y
Publication date:
2017
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit

Citation (APA):
Takeuchi-Storm, N., Denwood, M., Hansen, T. V. A., Halasa, T., Rattenborg, E., Boes, J., ... Thamsborg, S. M.
(2017). Farm-level risk factors for Fasciola hepatica infection in Danish dairy cattle as evaluated by two
diagnostic methods. Parasites & Vectors, 10(1), [555]. https://doi.org/10.1186/s13071-017-2504-y

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
 You may not further distribute the material or use it for any profit-making activity or commercial gain
 You may freely distribute the URL identifying the publication in the public portal
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Takeuchi-Storm et al. Parasites & Vectors (2017) 10:555
DOI 10.1186/s13071-017-2504-y

RESEARCH

Open Access

Farm-level risk factors for Fasciola hepatica
infection in Danish dairy cattle as evaluated
by two diagnostic methods
Nao Takeuchi-Storm1*, Matthew Denwood2, Tina Vicky Alstrup Hansen1, Tariq Halasa3, Erik Rattenborg4, Jaap Boes4,
Heidi Larsen Enemark5 and Stig Milan Thamsborg1

Abstract
Background: The prevalence of bovine fasciolosis in Denmark is increasing but appropriate guidelines for control
are currently lacking. In order to help develop a control strategy for liver fluke, a risk factor study of farm management
factors was conducted and the utility of bulk tank milk (BTM ELISA) as a tool for diagnosis in Danish dairy cattle farms
was assessed.
Methods: This case-control study aimed to identify farm-level risk factors for fasciolosis in Danish dairy farms (> 50
animals slaughtered in 2013) using two diagnostic methods: recordings of liver condemnation at slaughter, and
farm-level Fasciola hepatica antibody levels in BTM. A case farm was defined as having a minimum of 3 incidents
of liver condemnation due to liver fluke at slaughter (in any age group) during 2013, and control farms were located
within 10 km of at least one case farm and had no history of liver condemnation due to liver fluke during 2011–2013.
The selected farmers were interviewed over telephone about grazing and control practices, and BTM from these farms
was collected and analysed by ELISA in 2014. The final complete dataset consisting of 131 case and 63 control farms
was analysed using logistic regression.
Results: Heifers grazing on wet pastures, dry cows grazing on wet pastures, herd size, breed and concurrent beef
cattle production were identified as risk factors associated with being classified as a case farm. With the categorised
BTM ELISA result as the response variable, heifers grazing on wet pastures, dry cows grazing on wet pastures, and
purchase of cows were identified as risk factors. Within the case and control groups, 74.8 and 12.7% of farms were
positive for fasciolosis on BTM ELISA, respectively. The differences are likely to be related to the detection limit of
the farm-level prevalence by the BTM ELISA test, time span between slaughter data and BTM, and the relatively
low sensitivity of liver inspection at slaughter.
Conclusions: Control of bovine fasciolosis in Denmark should target heifers and dry cows through grazing management
and appropriate anthelmintic treatment, and BTM ELISA can be a useful diagnostic tool for fasciolosis in Danish
dairy farms.
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Background
Liver fluke infection, or fasciolosis, is a global disease,
caused by Fasciola hepatica and F. gigantica, that affects
a wide range of host species including humans. It is classified as a Neglected Tropical Disease by WHO due to
the public health impact, particularly in tropical environments [1], but it is also an important animal health disease causing substantial financial losses within livestock
production [2]. In cattle, the infection with F. hepatica
often manifests as a subclinical disease with vague symptoms including reduced productivity [3] apparent as reduction in milk yield, milk fat content, and reproductive
performance [4–7]. Additionally, the cost of treatment
and penalties for condemnation of infected/fibrotic livers
at slaughter may incur substantial economic deficit for the
farmers. In Switzerland, the annual loss caused by bovine
fasciolosis has been estimated to be €299 per infected cattle and €52 million at the national level, calculated on the
mean prevalence of 10.6% in 1.6 million cattle [8].
An increased prevalence of F. hepatica has been reported in UK and Sweden, presumably as a result of climate change causing milder winter temperature and
increased rainfall, as well as due to government subsidized schemes to utilise wet areas for grazing [9, 10].
Likewise, the farm-level prevalence of F. hepatica in
Danish cattle farms is steadily increasing based on the
national liver condemnation data at slaughter, from 24%
in 2003 to 25.6–29.3% between 2011 and 2013 [11, 12].
This is an issue for dairy farmers as there are currently
relatively few effective flukicides licensed for use in lactating cows and resistance to these drugs are increasingly reported around the world [13–16]. In order to avoid
overuse of anthelmintics, recent research is therefore focused on describing the spatial distribution of and identifying risk factors for fasciolosis [17]. Previously identified
risk factors include climate and environmental factors,
such as presence of streams, wetland and pastures, and
higher rainfall and temperature [18–21]. However, it is
also known that farms within a relatively small geographical area may have variable infection levels. This may be
due to variations in micro-environment within farms, i.e.
presence of suitable snail habitats [19]. Farm management
factors are also important for the spatial distribution of F.
hepatica in temperate climate zones, where only minor
climatic and environmental variation exists [22]. Considering that management practices can be highly dependent
on local regulations, farming traditions and environment,
risk factors and their significance for fasciolosis are likely
to vary between countries. This makes it important to
quantify risk factors within the highly specific geographical
setting in order to propose effective control strategies on a
national level. We therefore initiated this follow-up study
after Olsen et al. [11] to evaluate the effect of farm management factors on fasciolosis within a Danish setting.
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One of the major challenges when designing on-farm
control strategies for fasciolosis is the lack of a perfect
diagnostic method for F. hepatica infection. Although
currently not used in Denmark, the enzyme-linked immunosorbent assay (ELISA) test on bulk tank milk
(BTM) can be easily obtained as part of a milk control
program, and is therefore increasingly being used for
farm-level diagnosis, monitoring and identification of
risk factors for fasciolosis [18–21, 23]. However, BTM
ELISA requires a minimum within-herd prevalence of
20–60% of the lactating animals in order to detect the
herd as positive [24–26], which means that farms with
low infection levels will not be identified. Alternatively,
in countries such as Denmark where registration of individual cattle and meat inspection is mandatory, feedback
from abattoirs on liver condemnation is commonly used
by farmers and veterinarians as an indicator of the degree of fasciolosis on a farm. It is also possible to analyse
this data at the national level to model the spatial distribution and risk factors for infection [11]. However, inspection of the liver at slaughter has been shown to have
low sensitivity [27, 28], and factors such as grazing management cannot be extracted from such data.
The aim of this case-control study was to identify farmlevel risk factors for fasciolosis in Danish dairy farms using
two different approaches; farm classifications based on
liver condemnation data and BTM ELISA, respectively.
Furthermore, in order to assess the use of BTM ELISA as
a diagnostic tool for fasciolosis in Denmark, the agreement
between farm-level fasciolosis classifications from the two
diagnostic methods was analysed. A secondary aim was to
obtain an overview of the extent of Danish farmers’ awareness of liver flukes and the use of anthelmintics.

Methods
Selection of farms and questionnaire

The centralised Danish Cattle Database (DCD) managed
by SEGES (part of the Danish Agricultural Advisory Service run by the Danish Agriculture and Food Council)
contains information related to all Danish individual cattle
and farms. It is mandatory to ear-mark individual cattle
and register them in DCD, where information regarding
the animal’s owner, birth, calving date, movement, slaughter date and result of meat inspection etc. is stored digitally. At meat inspection in the abattoirs, each liver is
examined for signs of disease including fasciolosis according to Regulation (EC) No 854/2004. The liver is condemned if there are signs of fasciolosis, and the farmer is
penalised by approximately €4 per condemned liver. All
meat inspection recordings have to be reported to the
DCD. However, the data from some of the minor slaughterhouses especially might be incomplete (Poul Møller
Hansen, Danish Agriculture and Food Council, personal

Takeuchi-Storm et al. Parasites & Vectors (2017) 10:555

communication). The liver condemnation dataset for the
present study was extracted from DCD using only the
meat inspection code relating to the diagnosis of fasciolosis, with codes relating to non-specific liver lesions being
excluded [11].
For selection of fasciolosis positive and negative farms
based on liver condemnation data, criteria on herd size
and location were also set, in order to avoid hobby farms
and minimize variation due to local climate. A case farm
was defined as having: (i) at least 50 animals slaughtered
in 2013; and (ii) a minimum of three animals (of any age
that were also born on the farm) diagnosed with fasciolosis at slaughter in 2013. A control farm was defined as
having: (i) at least 50 animals slaughtered in 2013; (ii) no
record of liver condemnation due to fasciolosis (in animals
of any age) in 2011–2013; and (iii) a location within
10 km from at least one case farm. Within the dairy farms
matching these criteria, a total of 145 and 76 farms were
randomly selected as case and control, respectively.
Questionnaire surveys were conducted by telephone
during summer-autumn 2014 by two veterinary students,
during which permission was also sought to access the
DCD data for the same farm. The questionnaire contained
18 questions regarding the type of production system, the
farmers’ knowledge on presence of liver fluke infection
in the farm, grazing pattern, anthelmintic treatments
and management routines during 2013 (Additional file 1:
Table S1). Note that most dairy farms in Denmark operate as all-year calving system (calving occurs throughout the year), and that the flukicides registered for use
in dairy cattle in 2013 were limited to albendazole, clorsulon and closantel, while triclabendazole was/is only
available after dispensation.
Milk samples and ELISA

All Danish dairy companies are required to send bulk
tank milk samples from every herd delivering milk to laboratories for analyses of milk composition, somatic cell
counts and antibiotic residues. BTM samples collected
as part of the milk control program in the early summer
of 2014 were frozen at −20 °C until analysis within 6
months. The full-fat BTM were analysed for F. hepaticaspecific antibodies using a commercial ELISA kit (Fasciolosis Verification Test, IDEXX, Hoofddorp, the
Netherlands) according to the manufacturer’s instructions, with two replications for each sample. The antibody levels were expressed as the sample to positive
percentage (S/P%) calculated as: S/P% = average net extinction (NE) of the sample / average NE of two positive
controls × 100, where NE refers to the difference between the optical densities measured in the antigen
negative control well and that of the antigen coated well.
An S/P% > 30 was considered positive, while S/P% ≤ 30
was considered negative in accordance with the
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recommendations from the manufacturer. The sensitivity and specificity of the test for individual milk samples
collected from dairy herds were reported as 95% and
98.2%, respectively, relative to sera [26], while Molloy
et al. [29] reported sensitivity of 97.7% and specificity of
99.3% relative to faecal egg counts.
Data management and statistical analysis

Data from DCD were extracted using R [30] and subsequently combined with the results of the questionnaire
and BTM ELISA using Excel 2010. The complete dataset
consisted of 131 case farms (of which 17 were organic)
and 63 control farms (of which were 8 organic), after removing 19 farms that did not respond to the questionnaire, 7 farms from which no BTM was available, and
one farm that returned an incomplete questionnaire.
For regression analyses, only management factors were
selected from the original questionnaire and some related questions were combined in order to avoid confounding and aid interpretability of the results.
Additionally, herd size was extracted from DCD farm
data as the median of the monthly measured total number of animals in 2013. Therefore 13 explanatory variables were considered for the two logistic regression
models using liver condemnation data (case vs control)
and BTM ELISA results (positive vs negative) as the response variables. All logistic regression models were implemented in R, and the final model for each response
variable was selected using stepwise selection based on
AIC [31] using the MASS package [32]. The final model
fit was assessed using the Hosmer-Lemeshow Goodness
of Fit test and by visual inspection of predicted values,
and the overall significance of fixed effect terms with
multiple levels was assessed by likelihood ratio test using
the lmtest package [33].
In order to assess the sensitivity of the analyses presented above to imperfect diagnostic test sensitivity and
specificity, a third model was constructed based on a
more complex classification system incorporating both
the dichotomised bulk tank milk test and the liver condemnation results for each animal on the corresponding
farm. Briefly, the posterior probability that each farm
was positive was directly calculated using Bayes’ theorem
conditionally on the bulk tank milk test result, number
of liver condemnations, number of animals slaughtered,
expected within-herd prevalence of liver fluke on an infected farm, and the sensitivity and specificity of the bulk
tank and liver inspection tests. These probabilities were
then used to re-label each farm as a case or control. To
account for uncertainty in the input parameters and
classification step, this procedure was repeated for 1000
samples over a distribution of parameter values chosen
to reflect their 95% confidence intervals from published
studies. Confidence intervals for the coefficients were
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calculated using parametric bootstrapping from these
1000 model fits. Full details of this procedure are given
in Additional file 2.
Finally, the apparent within-farm prevalence was calculated for case farms by dividing the total number of
livers condemned by the number of animals slaughtered in 2013. Correlation between the apparent prevalence and S/P% were analysed by Spearman’s rank
correlation in R.

Results
The response rate of the questionnaire was 91.4% (202/
221), and the non-response rates did not differ significantly between case (9/145, 6.2%) and control groups
(10/76, 13.2%) (Chi-square test, χ2 = 2.2452, df = 1, P =
0.134). The number of case and control farms for each
variable considered for risk factor analysis is summarised
in Table 1. It was apparent from the questionnaire that
28 farms (12 case and 16 control farms) did not have
any animals on pasture in 2013.

Risk factor analysis

Using the case and control definition as the response
variable, the final model based on AIC included five explanatory variables (Table 2). Of these, the significant
risk factors were grazing of heifers on wet areas with access to surface water (OR = 7.84, 95% CI: 2.67–25.1),
grazing of heifers on wet areas without access to surface
water (OR = 3.73, 95% CI: 1.12–12.0), herd size per 100
animals (OR = 1.49, 95% CI: 1.20–1.90), and grazing of
dry cows on wet areas (OR = 4.23, 95% CI: 1.31–16.7).
Using the BTM ELISA results as the response variable,
the final model included three explanatory variables
(Table 3). Of these, significant risk factors were grazing
of heifers on wet areas with access to surface water (OR
= 5.77, 95% CI: 2.10–17.5), grazing of heifers on wet
areas without access to surface water (OR = 4.17, 95%
CI: 1.41–13.5), and grazing of dry cows on wet areas
(OR = 4.75, 95% CI: 1.85–13.5).
Using the Bayesian classification of each farm based
on both BTM and slaughter test information, qualitatively similar results were obtained as with the simpler
models. The final bootstrapped model based on AIC
included three explanatory variables. Of these, significant factors were grazing of heifers on wet areas with
access to surface water (OR = 8.82, 95% CI: 2.55–51.61),
grazing of heifers on wet areas without access to surface water (OR = 4.76, 95% CI: 1.32–31.77), and grazing
of dry cows on wet areas (OR = 3.69, 95% CI: 1.48–
12.67) (Additional file 2: Table S3). Beef production on
the dairy farm was identified as an additional significant
risk factor using the reclassified model, although it was
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not significant using the bootstrapped model (Additional
file 2: Table S3).
Comparison of liver condemnation data and BTM ELISA
results

Based on BTM ELISA, 74.8% of the case and 12.7% of
the control farms were positive for fasciolosis (Table 4).
Distribution of mean S/P% values of all case and control
farms are shown in Fig. 1, while Fig. 2 shows the distribution of mean S/P% values against apparent prevalence
of case farms. There was a strong correlation between S/
P% values and apparent prevalence (Spearman’s rho =
0.806, P < 0.0001).
All eight control farms that were positive for BTM
ELISA had grazing animals in 2013. The proportion of
BTM ELISA negative control farms that had animals on
pasture was 71% (39/55), and the difference between
the two groups was not statistically significant (Fisher’s
exact test, P = 0.10). Of the eight farms, one farm had
bought heifers and two had bought cows in 2013. Of
the 12 case farms where no animals were on pasture in
2013 (all-in systems), five were positive for BTM ELISA
with S/P % varying between 44.0 and 130.6% (low to
moderate infection). Four of these farms said they did
not buy any calves, heifers, or cows during 2013.
Information regarding liver condemnation and
anthelmintic use on the farms

The majority of the farmers (162/194, 83.5%) were able
to recall feedback from the abattoirs on liver condemnation. However, 14 case farmers (10.7%) answered that
they had no liver condemnation due to liver flukes in
2013, whereas seven control farms (11.1%) answered
there was liver condemnation due to liver flukes in 2013.
The total number of farmers that had confirmed diagnosis of liver flukes by veterinarians or consultants was
eight (6.1%) and one (1.6%) of the case and control
farms, respectively.
The number of farms with usage of flukicides in 2013
was 38 (29.0%) case farms and one (1.6%) control farm,
while the number that used anthelmintics for gastrointestinal and/or lung-worms was 66 (50.3%) and 18
(28.6%), respectively. Of those who used flukicides (n =
39), 36 (92.3%) treated heifers, 11 (28.2%) treated cows,
and 11 (28.2%) treated calves. The products used for
each group of animals are summarised in Fig. 3. Closamectin pour-on® (closantel and ivermectin, Biovet Aps,
Fredensborg, Denmark) was commonly used for heifers
and calves, while Valbazen® (albendazole, Orion Pharma
Animal Health, Copenhagen, Denmark) was mostly used
for cows. The use of Fasinex® (triclabendazole, Novartis,
Copenhagen, Denmark) was extremely limited. Most
farms (33, 84.6%) treated calves, heifers and/or cows
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Table 1 Summary statistics of the questionnaire and slaughter
observations, stratified by case and control farms

Table 1 Summary statistics of the questionnaire and slaughter
observations, stratified by case and control farms (Continued)

Farm factors

Case (n = 131)

Control (n = 63)

Farm factors

Mean herd size ± SD

448.1 ± 266.5

347.2 ± 141.0

Purchase or grazing of calves with animals from other farms in 2013

Mean number ± SD of animals
slaughtered in 2013

107.0 ± 82.5

75.9 ± 28.0

Farm type

Case (n = 131)

Control (n = 63)

Yes

10

2

No

121

61

Purchase or grazing of heifers with animals from other farms in 2013

Organic

17

8

Conventional

114

55

Yes

21

3

No

110

60

Concurrent beef production

Yes

25

8

No

106

55

Yes

20

6

No

111

57

Purchase of cows in 2013

Breed

Abbreviation: SD standard deviation

Danish Holstein

94

48

Cross

18

2

Other

19

13

regularly without the use of supporting individual or
herd diagnostics other than liver condemnation data.

Management factors

Discussion

Grazing of heifers and access to surface water
Wet pasture + yes

73

15

Wet pasture + no

35

13

Dry pasture + yes

3

5

Dry pasture + no

7

11

Not grazed

13

19

Grazing of calves and access to surface water
Wet pasture + yes

11

3

Wet pasture + no

17

5

Dry pasture + yes

4

1

Dry pasture + no

35

15

Not grazed

64

39

Grazing of cows
Wet pasture

5

1

Dry pasture

47

21

Not grazed

79

41

Grazing of dry cows
Wet pasture

38

4

Dry pasture

45

22

Not grazed

48

37

Period of grazing in 2013 (turn-out in March)
Before 1st June and > 6 month

67

20

Before 1st June and ≤ 6 months

11

3

After 1st June and < 6 months

8

8

Not grazed

45

32

Any prevention for liver flukes on pasture
None

82

37

Move animals in late summer

25

8

Other

12

2

Not grazed

12

16

Risk factor analysis

The present study identified heifers and dry cows grazing on wet areas as high risk groups for fasciolosis using
both response variables. Grazing on wet areas is a wellknown key risk factor for fasciolosis, but we believe that
this is the first time that dry cows have been clearly
identified as a risk for a farm being positive. Past prevalence studies of fasciolosis using faecal egg counts
showed increasing prevalence with age [34, 35], suggesting that F. hepatica infection occurs mainly from the
second grazing season for heifers or later for cows. However, grazing of cows was not found to be a risk factor
within our data. This most likely reflects the typical
management system of a Danish dairy farm, where cows
and calves are either not grazed or kept on dry, high
ground pastures close to the milking shed, while heifers
tend to be grazed further away from the main farm
buildings, and left to graze for the entire grazing season
(typically April to October) [36, 37], and dry cows are
sometimes grazed together with heifers as leading cows
(Professor Hanne Hansen, University of Copenhagen,
personal communication). Thus, Danish animals are typically first exposed to F. hepatica metacercaria as heifers,
and in some cases repeatedly exposed as dry cows, and
it is therefore important for control measures to target
these two groups of animals within a Danish setting.
Our results demonstrate the need for conducting tailored
risk factor studies that can be interpreted according to
specific countries/regions, when developing national
guidelines for fasciolosis control and prevention.
In the regression analysis, both models resulted in
farms either without grazing or grazing only on dry
areas having lower odds of being infected than those
with animals grazing on wet areas. This is not surprising,
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Table 2 The final multivariable logistic regression model (with risk factors selected using AIC) with case/control classifications based
on liver condemnations as the response variable (131 case and 63 control farms)
Variable

Level

Intercept
Grazing of heifers (Not grazed, Dry grazing or Wet grazing)
combined with access to surface water (No or Yes)

Estimate

SE

-2.400

0.675

P-value

OR

95% CI

< 0.001
Not grazed

Ref

Dry & Yes

-0.368

0.961

Ref
0.69

0.09–4.33

Dry & No

0.218

0.734

1.24

0.29–5.30

Wet & Yes

2.060

0.568

7.84

2.67–25.1

Wet & No

1.316

0.580

3.73

1.12–12.0

0.396

0.001

1.49

1.20–1.90

Herd size (per 100 animals)
Grazing of dry cows (Not grazed, Dry grazing or Wet grazing)

< 0.001
0.047

Not grazed

Ref

Ref

Dry

0.274

0.433

1.31

0.56–3.09

Wet

1.443

0.637

4.23

1.31–16.7

DH

Ref

Cross

1.265

0.851

3.54

0.80–25.8

Other

-0.548

0.472

0.58

0.23–1.47

No

Ref

Yes

1.007

Breed

0.102
Ref

Beef production

0.113
Ref
0.685

2.74

0.80–12.8

Abbreviations: SE standard error, OR odds ratio, 95% CI 95% confidence interval, Ref reference

as presence of amphibious snail intermediate hosts is
closely linked to wet areas, and moist areas have been identified as a key risk factor in UK and in Belgium [18, 19].
The authors of these studies also showed that the use of
streams or ponds as water sources is a risk factor for

fasciolosis, although we were not able to investigate this
directly due to the design of our questionnaire.
The four other variables that were selected as risk factors for bovine fasciolosis based on model fit were herd
size, breed, beef production and purchasing of cows,

Table 3 The final multivariable logistic regression model (with risk factors selected using AIC) with positive/negative classification
based on bulk tank ELISA results (106 positive and 88 negative farms)
Variable

Level

Intercept
Grazing of heifers (Not grazed, Dry grazing or Wet grazing)
combined with access to surface water (No or Yes)

Estimate

SE

-1.555

0.462

P-value

OR

95% CI

< 0.001
Not grazed

Ref

Dry & Yes

0.749

0.870

Ref

Dry & No

-0.218

0.762

0.80

0.17–3.50

Wet & Yes

1.753

0.536

5.77

2.10–17.5

Wet & No

1.428

0.570

4.17

1.41–13.5

Grazing of dry cows (Not grazed, Dry grazing or Wet grazing

2.11

0.35–11.6

0.004
Not grazed

Ref

Dry

0.489

0.380

Ref

Wet

1.558

0.503

Purchase of cows

1.63

0.78–3.46

4.75

1.85–13.5

0.099
No

Ref

Yes

0.81

Abbreviations: SE standard error, OR odds ratio, 95% CI 95% confidence interval, Ref reference

Ref
0.504

2.25

0.86–6.32
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Table 4 Number of case and control farms based on liver
condemnation results compared to classifications based on the
ELISA-test for Fasciola hepatica-specific antibodies in bulk tank
milk (BTM)
BTM-ELISA positive

Case

Control

Total

98

8

106

BTM-ELISA negative

33

55

88

Total

131

63

194

although of these only herd size was a significant risk
factor in the final model. One potential explanation for
the effect of herd size is a recruitment bias in that larger
farms with more animals slaughtered will have an increased chance of the required three liver condemnations, although this will have been partly offset by the
minimum number of slaughter animals required for the
control farms. However, the number of animals slaughtered
has also been found to be associated with herd prevalence in Northern Ireland, where a recent survey
showed that farms which slaughtered more than 105
animals during three years were all infected with fasciolosis, whereas farms with lower numbers of slaughtered

animals had a lower herd-level prevalence [38]. It is
therefore likely that some density dependence exists for
fasciolosis (as for almost all infectious diseases); however altering herd size is not likely to be a practically
relevant solution for the control of fasciolosis.
It is also interesting to note that F. hepatica infection
was detected by both methods on some farms on which
the animals were not grazed. Although most flukes are
expelled by 30–50 weeks post-infection [39], F. hepatica is known to persist for a long time in cattle; for
example Ross [40] observed live flukes 26 months after
infection. As the questionnaire only involved data
concerning management practice in 2013, it is possible
that the presence of F. hepatica infection in nongrazing farms was a result of persisting infection acquired prior to 2013. However, other routes of infection, such as metacercariae-contaminated freshly cut
grass and hay, should not be disregarded [41, 42]; some
nematode parasites have also been shown to develop to
infective stages on straw bedding [43]. Transmission by
metacercariae-contaminated water is also possible, as it is
a common route of transmission for human fasciolosis in
the Americas [44, 45].

Fig. 1 Boxplot of sample to positive percentage (S/P%) for fasciolosis as measured by ELISA on bulk tank milk for 131 case farms and 63 control farms
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Fig. 2 The relationship between apparent prevalence and sample to positive percentage (S/P%) for fasciolosis as measured by ELISA on bulk tank
milk for 131 case farms (dots) and 63 control farms (triangles). Apparent prevalence is measured by dividing the total number of condemned livers
by the number of slaughtered animals in 2013. The dashed line shows the cut-off value for the used commercial ELISA kit (S/P% = 30), and the solid
and dotted lines show the lines of best fit for case and control farms, respectively (note that the latter group are defined as apparent prevalence of 0)

One potential criticism of risk factor analyses based on
simple classifications is that they do not incorporate
diagnostic test sensitivity and specificity when classifying
the farms as case or control [27, 46]. In this study, incorporating the relevant diagnostic test characteristics
did not result in any of the control farms being reclassified as case farms, indicating that imperfect sensitivity of
liver condemnation was not an issue for our dataset.
This is likely to be a result of the relatively stringent case
definition criteria that we applied (a minimum of three
incidents of liver condemnation due to liver flukes out
of a minimum of 50 slaughtered animals). However,
there were a relatively large number of farms that were
re-classified from case farms to control farms based on
imperfect specificity (Additional file 2). This highlights
the potential difficulties associated with assuming perfect
specificity of liver condemnation as a test for liver fluke,
but ultimately did not qualitatively affect the inference
made from the risk factor study. We also note the relatively large number of additional parameter assumptions

that are required in order to account for imperfect diagnostic tests, which has the disadvantage of increased complexity and therefore reduced transparency.
Comparison of liver condemnation data and BTM ELISA
results

The comparison of the two diagnostic methods for fasciolosis showed only moderate agreement, which is in
line with other previous reports [10, 25, 26, 47]. BTM
ELISA requires a minimum level of antibodies in milk
for detection and thus farms with low prevalence or
intensity amongst lactating cows are likely to be misclassified as negative. Our results are consistent with
Duscher et al. [25] in that the highest apparent prevalence for the case farms with negative ELISA result was
approximately 20%. There were, however, many farms
with positive ELISA results, despite their low apparent
prevalence (< 20%). This was probably because the
current study used apparent prevalence calculated as
the number of positives at slaughter divided by the total
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Fig. 3 The different anthelmintic products [Closamectin pour-on® (closantel and ivermectin, Biovet Aps), Valbazen® (albendazole, Orion Pharma
Animal Health), Fasinex® (triclabendazole, Novartis)] that were reported for use against liver flukes in different age groups, based on 39 farms
that reported giving treatments against liver flukes in 2013

number of slaughtered (all age groups), and therefore it
most likely did not accurately reflect the prevalence
within the milking herd. Nonetheless, the observed
detection limit of BTM ELISA is probably of little concern in terms of using BTM ELISA as a herd health
monitoring tool, as a herd prevalence of > 25% is considered the economic threshold (subclinical infections
affecting productivity) for anthelmintic treatment
against fasciolosis [48]. Continuous monitoring of fasciolosis status by BTM ELISA in Irish dairy farms successfully showed the effect of flukicide treatment [23],
and therefore BTM ELISA will be a useful monitoring
and decision-support tool for fasciolosis control programs
in Denmark. Further studies should investigate how often
BTM samples should be obtained for analysis, in order to
have a cost-effective monitoring system.
Another possible explanation for case farms to have
ELISA negative results could be due to delay in our
BTM analysis, as BTM was collected at the end of the
housing season in 2013–2014, while the liver condemnation data was only registered until the end of 2013. If
most of the positive animals were slaughtered in early
2013, then the farm could have low F. hepatica antibody
levels in 2014. Finally, inspection of the liver at slaughter
may produce false positive results due to chronic pathological changes in animals that eliminated the infection
and have low antibody levels, as the liver is condemned

based on pathological changes seen in the liver. Mazeri
et al. [28] showed the specificity of the routine liver inspection at slaughter as 88% and no parasites were
found from some livers classified as having active or historic lesions due to fasciolosis. The exact time required
for the recovery of the liver lesions, i.e. no visible lesions,
is unknown. However, it perhaps depends on the level of
infection and pathological changes may persist even after
effective treatment [49].
The control farms were defined as having no livers
condemned for a period of 3 years to reduce the risk of
false negatives, but eight (12%) control farms showed
positive by BTM ELISA. It is possible that these eight
farms were truly infected, and that imperfect sensitivity
of meat inspection resulted in early and low grade infections being missed [27, 28, 47]. However, a more likely
reason for at least three of those farms is that introduced
animals were infected, which gave rise to high antibody
levels. This conclusion is supported by the fact that no
control farms were reclassified as case farms after incorporating the estimated sensitivity of liver condemnation. Another potential explanation is that it is possible
for infection to have occurred in the farms for the first
time during the last half of 2013; animals slaughtered in
2013 would then show no sign of fasciolosis, but BTM
ELISA could show positive a few months later. Finally,
false positives due to test cross-reactivity with other
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parasite species such as rumen fluke is a possibility [28],
although this is quite unlikely with the particular ELISA
test kit used [29].
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The questionnaire responses demonstrate that most
farmers were aware of their fasciolosis status, based
mostly on feedback from the abattoirs, although seven
control farms recalled liver condemnation that was not
recorded in the data. This information could have been
provided by small local abattoirs that were not recorded
in the national database, but a more likely explanation is
that recalled information is unreliable. In addition,
farmers and veterinarians would underestimate the extent of fasciolosis in their farms if basing their diagnoses
solely on notifications of liver condemnation from abattoirs. Relatively few case farmers were treating against
fasciolosis, and there was a general lack of diagnostics to
identify the affected group of cattle in which to target interventions and treatments, indicating that the current
treatment regimens may be sub-optimal.

Conclusions
Heifers grazing on wet areas as well as dry cows grazing
on wet areas were found to be significant risk factors for
fasciolosis based on farm classifications using both liver
condemnation and BTM ELISA diagnostics. Moderate
agreement between the two diagnostic methods was
found, which highlights the different properties and target populations of the tests. Overall, our results suggest
that assessment of infection status using BTM ELISA
supported by liver condemnation recordings will help to
identify farms in need of treatment, and that focusing on
the management of heifers and dry cows through grazing and appropriate anthelmintic treatment will improve
the control of bovine fasciolosis in Denmark.
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