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INTRODUCTION

Abstract

Background: Bovine viral diarrhoea (BVD) is an endemic disease in the UK.
In England, a voluntary control and eradication scheme, BVDFree England,
has been running since 2016.

Methods: We analysed test results from 7005 herds that were submitted to
BVDFree England between 2016 and 2023 to investigate changes in the preva-
lence of BVD in participating herds and engagement by farmers since the
previously published analysis covering the period up to 2020.

Results: Herds that tested for multiple consecutive years were more likely to
be BVD negative in later testing years than when starting. Few herds were still
positive after 5 years of testing. Overall, the prevalence of BVD-positive herds
in the dataset declined between 2020 and 2023; however, fewer farmers joined
the scheme for the first time each year since 2019 (214 in 2023 compared with
2614 in 2019).

Limitations: This dataset represents the herds that submit tests to BVDFree
England and is not representative of all cattle herds in England.

Conclusion: Herds that tested for multiple consecutive years in the scheme
were less likely to be BVD positive in later years of testing, and the prevalence
of BVD in participating herds has continued to fall since 2020.

tivirus and is propagated via persistently infected (PI)
calves, which are created when their dam becomes

Bovine viral diarrhoea (BVD) is one of the most eco-
nomically important endemic cattle diseases in the
UK.! The disease results in reduced health and pro-
ductivity of dairy cows through lower growth rate,
fertility and milk yield and increased incidence of
abortion and comorbidity.>® BVD is caused by a pes-

infected within the first 120-125 days of gestation.*
PI cattle shed virus throughout their life, while cat-
tle that are infected with the virus after birth are
only transiently infected and have long-lasting immu-
nity following infection.® As a consequence of these
epidemiological characteristics, eradication schemes
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focus on the identification and removal of PI cattle.®
There are two common approaches to identify PI ani-
mals: (1) individually testing animals for the virus
or antigen with retesting of positive animals to dis-
tinguish persistent from transient infection, or (2)
testing a sample of youngstock from each manage-
ment group for antibodies to BVD, with individual
virus/antigen testing of individuals within any group
that tests positive to identify the PI animal(s). These
two approaches have been successfully used in BVD
eradication schemes in various countries.”®

Within the UK, each country has their own BVD
eradication scheme, with mandatory testing in Scot-
land and Northern Ireland and voluntary testing in
England and Wales.” England had a voluntary scheme
(BVDFree England) that came to a close on 31 July
2024. In the BVDFree England scheme, farmers could
submit BVD test results to obtain a herd status after
2 years of testing following the scheme requirements.
England now has the Animal Health and Welfare
Pathway scheme, which was initiated in 2023.'° The
pathway funds an annual health and welfare review
from a veterinarian and some BVD testing. This has
been available from February 2023 for farmers with 11
or more cattle, with further financial support available
for prevention and reduction of BVD on farms.'?

A previous analysis of the test results submitted to
BVDFree England was conducted on the test results
up to and including 2020.'' To assess subsequent
progress of the scheme and to assess the prevalence of
BVD in herds that tested consecutively over multiple
years, the aim of this research was to conduct further
analysis of the data, including test results up to the
end of 2023.

METHODS
Data source and cleaning

The BVDFree England dataset available included
1,409,517 test results from samples taken by 7006
herds between 2016 and 2023 (correct as of 21 Febru-
ary 2024). The herds submitting tests to BVDFree
England were not representative of all English herds,
and herds may have been testing for BVD for different
reasons. We do not know the rationale farmers had
for testing in the scheme. Further information on the
dataset can be found in a previous analysis of test
results for 2016-2020.'! All data preparation and anal-
ysis were conducted in R statistical software (version
4.3.1),'? and data preparation was conducted using
the same approach as for the previous analyses.'!
Before conducting any analysis, we removed some
tests with incorrect or missing data. We removed 285
tests that had a sample date after the automatically
generated test result upload date and five tests that
were not assigned to a herd, resulting in a dataset with
1,409,227 tests from 7005 herds. Some tests had herd-
level data missing. Postcode was missing for 1600
(22.8%) herds, the type of cattle (beef breeder/beef fat-

tener/dairy/calf rearer) was missing for 1758 (25.1%)
herds and herd size was missing for 1750 (25.0%)
herds.

Descriptive analysis

Herds were split into the two testing regimes that must
be adhered to in order to get a herd result from BVD-
Free England: virus testing (‘tag and test’) of individual
calves and antibody testing of at least five animals in
each youngstock management group.'® Herds were
defined as ‘antibody testing’ if they only used individ-
ual antibody tests (a minimum of five tests, as required
for youngstock cohort testing'®) or as ‘virus testing’ if
they only used individual antigen or virus tests and the
number of tests conducted in a year was at least 60%
of the number of breeding cows. For virus testing, we
used a threshold of 60% of the number of cows because
there was a bimodal distribution in the number of tests
as a proportion of herd size, with the peak encompass-
ing a proportion of 1 starting at 0.6 (Figure S1). For
these herds, it was inferred that most calves were being
tested using BVD antigen testing tags. We did not use
a minimum number of tests in the previously pub-
lished analysis of the dataset''; however, in this paper,
references to virus testing herds uses the definition of
herds testing at least 60% of the number of breeding
cows on-farm. A comparison of results obtained using
a 60% of herd size minimum number of tests and
no minimum number of tests are in Table S1. Note
that some herds were not categorised into one of the
two testing regimes based on the definitions we used.
These herds were included in the overall descriptive
statistics, but not when reporting the herds that were
assigned to a testing regime. Herds were defined as
BVD positive in a calendar year if, in that calendar year,
they had at least one positive antigen, virus or anti-
body test result, and negative if, in that calendar year,
none of the tests submitted had a positive test result.

We calculated summary statistics by test regime
(virus or antibody), herd type (beef breeder only or
dairy only) and calendar year. We visualised regional
variation in the number of calendar years for which
herds submitted tests to BVDFree England using heat
maps and the trajectory of individual herd status over
time using an alluvial plot.

Models to assess BVD prevalence with
continued engagement with the scheme

We fit two models to investigate the prevalence of BVD
in herds with multiple years of testing in the BVDFree
England scheme. In both models, we included only
the herds that were testing for at least two consecutive
years to investigate herds with continual engagement.
Model 1 was a binomial mixed-effects model to inves-
tigate the association between the odds of a herd
being positive for BVD and the number of years testing
(using either the virus or antibody testing route) in the
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FIGURE 1 Number of holdings submitting
tests to BVDFree England for the first time 4000
(recruited) and the total number of holdings
submitting tests to BVDFree England each year
(tested) from a total of 7005 herds that submitted
tests between 2016 and 2023
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scheme. Model 2 was a proportional binomial mixed-
effects model to investigate the association between
the proportion of tests that were positive in a herd and
the number of years a herd had tested for BVD using
the virus testing route in the scheme. For model 2, we
selected only virus testing herds as a proxy to estimate
the within-cohort prevalence of PI animals, which we
were not able to calculate from antibody tests, as pos-
itive antibody test results could be due to past infec-
tion, maternal antibodies or, possibly, vaccination. We
tested herd size (number of breeding cows), herd type
and region of England as possible confounders in both
models and assessed model fit using decile plots to
compare the observed and predicted data.

RESULTS
Participating herd summary statistics

A total of 7005 herds submitted tests to BVDFree Eng-
land between 2016 and 2023, which is 20.9% of the
33,489 cattle holdings in England (in June 2023).'°
Both the number of herds submitting tests for the
first time and the total number of herds submitting
tests have continued to decrease since the peak in
2019 (2614 herds recruited), with 571 herds recruited
in 2021 and 214 herds recruited in 2023 (Figure 1). In
2023, a total of 3456 herds submitted tests to BVDFree
England, which is 10.3% of cattle holdings.'” The
median herd sizes in 2023 were 200 cows for dairy
herds and 40 cows for beef breeding herds, which is
similar to the 2020 median values of 195 dairy cows
and 40 beef cows. Each year, there was a higher pro-
portion of dairy herds than beef herds submitting tests
to the scheme compared to the national proportion
of 29% dairy and 71% beef.!> Specifically, in 2023,
60.0% of herds (of known herd type) that submitted
tests to the BVDFree England scheme had dairy cows
compared to 42.6% which had beef cows (5.2% had
both dairy and beef cows and 2.6% had neither and
were solely fattening animals and rearing calves).

The nine regions of England differed in the pro-
portion of their breeding cows that were in herds
that submitted at least one test to BVDFree Eng-
land between 2016 and 2023. The lowest engagement
across all years was in the East of England, where

Variable

. Recruited

Tested

2017 2018 2019 2020 2021 2022 2023
Year

22% of the breeding cows were in herds that had sub-
mitted test results to BVDFree England for at least 1
year, whereas the South West had the highest propor-
tion at 45% (Figure 2a). In 2023, the regions with the
greatest proportion of breeding cows in testing herds
were the North West (29%) and South West (29%), and
the region with the lowest proportion was the East of
England (14%) (Figure 2b).

National prevalence of BVD-positive herds

There was little change in the proportion of herds
using each testing regime since 2020. Dairy herds
were more likely to use individual virus tests than beef
herds. Overall, 39.4% of beef breeders were individual
virus testing in 2023, compared with 32.1% in 2020,
and 41.7% of dairy farmers were individual virus test-
ing in 2023, compared with 44.0% in 2020. Since 2020,
the proportion of the herds submitting test results to
BVDFree England that had at least one positive test
declined for both dairy and beef herds across both
testing regimes (Figure S2). Within virus testing herds,
there was little change in the proportion of tests within
the herd that were positive between 2020 and 2023.
The proportion of tests that were positive for BVD in
all virus testing herds was 0.4% in 2020 and 0.3% in
2023, while the proportion of tests that were positive
in BVD-positive virus testing herds was 1.4% in 2020
and 1.5% in 2023 (Figure S3).

Prevalence of BVD-positive herds with
consecutive years testing

Few herds used the same testing regime for five con-
secutive years, so we present results for herds that
tested for three consecutive years (Figure 3a) as well
as for five consecutive years (Figure 3b). For herds
that were testing consecutively for either 3 or 5 years,
herds were more likely to have a negative BVD status
as the number of years testing increased. For herds
that underwent testing for three consecutive years,
both virus and antibody testing herds were less likely
to be positive in the third year of testing than the first
year (Figure 3a). For herds that underwent testing for
five consecutive years, 5.5% of beef breeder herds and
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FIGURE 2

(b)

=

Proportion of breeding cows in each region of England that are within holdings that (a) have submitted a test to BVDFree

England between 2016 and 2023 and (b) submitted a test to BVDFree England during 2023. The darkness of the colour directly correlates with

the stated proportion for each region

TABLE 1

Results of model 1, a binomial mixed-effects model to investigate the odds of a herd having at least one positive bovine viral

diarrhoea test result, explained by the number of consecutive years testing (fixed effect) and herd (random effect), for 1799 herds that used a
testing regime (either virus or antibody) for at least two consecutive years between 2016 and 2023

Number of consecutive years Number of Odds 95% confidence

testing (reference = 1) herds ratio interval p-Value
2 1799 0.59 0.49-0.71 <0.001
3 1120 0.45 0.36-0.57 <0.001
4 772 0.28 0.20-0.38 <0.001
5 475 0.19 0.12-0.29 <0.001
6 218 0.23 0.13-0.40 <0.001
7 90 0.48 0.24-0.98 0.044
8 26 0.32 0.08-1.29 0.111

16.2% of dairy herds were positive in their fifth year
of testing compared to 24.8% and 26.3%, respectively,
in their first year of testing (Figure 3b). In model 1,
the odds of a herd being BVD positive reduced for
each consecutive year of testing for the first 5 years
of testing, with herds having 0.19 times the odds of
being BVD positive in the fifth year compared to the
first year. For two to four consecutive years of testing,
the odds of having BVD in each consecutive year of
testing was significantly lower than for the preceding
year of testing (odds ratio not within the 95% con-
fidence interval of the odds ratio for the preceding
year) (Table 1). Neither herd size, herd type or region
were identified as confounders, and the model fit
was deemed adequate (Figure S4). Figure 4 shows
the change in herd status for each year of testing for
the herds testing for five consecutive years. For herds
that were positive for BVD in the first year of testing,
91.1% (92/101) had gone negative and 8.9% (9/101)
remained positive or had become positive again by
the fifth year. For the herds that were negative for
BVD in the first year of testing, 93.9% (351/374) were

negative and 6.1% (23/374) were positive by the fifth
year.

Prevalence of BVD within herds with
consecutive years testing

The prevalence of BVD-positive tests within testing
herds fell with increasing number of years testing in
the BVDFree England scheme; 0.1% of tests were pos-
itive in the fifth year of testing compared to 0.8% in
the first year, and the decrease was steeper for herds
that were positive in their first year, falling from 1.8%
to 0.1% (Figure 5). In model 2, for the within-herd
prevalence of BVD-positive test results, the propor-
tion of positive tests tended to decrease as the number
of years of testing increased, although the number of
herds testing for more than 6 consecutive years was
small and the confidence intervals of the related odds
ratios were relatively large (Table 2). The odds ratio
for the within-herd prevalence of BVD generally over-
lapped with the 95% confidence interval of the next

85U80|7 SUOWWOD 8A e8I 3|qed! [dde 8y} Aq pausenob are ssoiie YO ‘8sN JO S8|n. 10} AReid1T8ULUQ 4B\ UO (SUORIPUOD-PUB-SLLIBYL0D" A8 | 1M AleIq 1 Bu{UO//:SaY) SUORIPUOD pue SWis | 8u1 88S *[6202/90/70] Uo AriqiTauljuo Ae|IM ‘1881 Aq SZES 1eA/Z00T 0T/I0p/L0o A8 |1 Aelq Ul JUO'S euNO feAd//:sdny woly pepeojumod ‘0 ‘0/9.2v02



VETERINARY RECORD 50f8
(@)
Antibody Virus Virus/antibody
60 Beef breeder 244 Dairy 114 Beef breeder 88 Dairy 57 Beef breeder 407 Dairy 211
2 Herd type
2 50+
3 —— ® Beef breeder
[0}
] Dairy
=
= 404
7}
o
o V' N
©
S
»
o
b ——
[}
<
s I
)}
ol
8 10 9
[}
o
0 T T : T T T : T T
1 2 3 1 2 3 1 2 3
Year
(b)
Antibody Virus Virus/antibody
60 Beef breeder 113 Dairy 48 Beef breeder 42 Dairy 17 Beef breeder 197 Dairy 83
2 Herd type
0 50+
k7 - ® Beef breeder
o)
] A )
° Dairy
> L. L.
= 404
2]
o
[o%
© o
S
s 304
* L
2
[} A
<
‘S 20 1
I A a
)}
8
C A
8 101 1 I
[}
a - A — I
0 : . . : . r v — : . . r . v x
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Year

FIGURE 3 Percentage (point) and 95% confidence intervals (error bars) of herds submitting tests to BVDFree England every year for
consecutive years that had at least one positive test result in year 1 for herds using antibody testing, virus testing or either testing regime for
(a) 618 herds that submitted tests for three consecutive years and (b) 280 herds that submitted tests for five consecutive years. The numbers
in the header beneath each testing regime denote the number of herds of that type for that testing regime

TABLE 2 Results of a proportional binomial mixed-effects model for the within-herd prevalence of positive bovine viral diarrhoea test
results, explained by the number of consecutive years testing (fixed effect) and herd (random effect), for 599 herds that were using the virus
testing route for at least two consecutive years between 2016 and 2023

Number of consecutive years Number of 0Odds 95% confidence

testing (reference = 1) herds ratio interval p-Value
2 599 0.47 0.39-0.55 <0.001
3 373 0.42 0.33-0.52 <0.001
4 261 0.44 0.34-0.56 <0.001
5 141 0.18 0.11-0.30 <0.001
6 73 0.15 0.07-0.31 <0.001
7 40 0.33 0.16-0.67 0.002
8 13 0.21 0.06-0.70 0.011
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consecutive year of testing. Neither herd size, herd
type or region were identified as confounders, and the
model fit was deemed adequate (Figure S5).

DISCUSSION

In this paper, we present an analysis of the test results
submitted to BVDFree England up to 2023 to explore
how BVD control has progressed in England since the
last published analysis in 2020. We also investigated
the effect of continued scheme involvement on the
prevalence of BVD in herds that have committed to
testing for a period of consecutive years.

Herds that consistently submitted tests to BVDFree
England were more likely to be BVD free in later years
of consecutive testing than in their first year of test-
ing, with a large reduction in the prevalence of BVD
in these herds after just a few years of testing. The
testing regimes that BVD Free England use are based
on regimes that have been used with success by other

Herds

Fifth year

FIGURE 5 Percentage (point) and 95%
confidence intervals (error bars) of tests that
were positive from 141 virus testing herds
submitting tests to BVDFree England every
year for five consecutive years between 2016
and 2023. Virus positive herds consist of
herds that were positive in their first year of
testing, and virus testing herds consist of all
virus testing herds that submitted tests for

® Virus positive herds five consecutive years

A Virus testing herds

countries to achieve eradication or near-eradication of
BVD!6-17; therefore, it was not unexpected that consis-
tent testing in a herd led to a lower prevalence of BVD
compared to the first year of testing. A limitation of this
study is that the herds that tested for multiple consec-
utive years were a relatively small subset of all herds
submitting tests, and farmers may decide to stop or
continue testing for BVD for a variety of reasons. There
was a small proportion of herds that either remained
positive throughout five consecutive years of test-
ing, became briefly negative before becoming positive
again, or became positive after initially being negative.
Itis not known why this has happened for each of these
farms, but it could be due to incomplete identifica-
tion and removal of all PI animals or reintroduction of
BVD into a negative herd. A common barrier to herds
achieving freedom from BVD within the UK and Ire-
land is farmer reluctance to remove PI animals.' "~
This can be due to reluctance to cull without com-
pensation and instead attempting to raise the animal
for slaughter or sale due to not understanding the
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production and financial implications of retaining
PI animals.?”?! Good biosecurity measures are also
important to prevent the reintroduction of BVD into
the herd.?>* Legislation and financial incentives are
key to encouraging all farmers to comply with PI ani-
mal removal, as well as ensuring that farmers under-
stand the risk of retaining PI animals in their herd and
engaging veterinarians and other stakeholders in BVD
control, and these measures have successfully reduced
PI animal retention by farmers in other countries.'”'®

We found that the prevalence of BVD-positive herds
in herds submitting tests to BVD Free England contin-
ued to decrease between 2020 and 2023, from 14.9%
to 8.6% in beef breeder herds and from 21.9% to 14.5%
for dairy herds. However, the herds submitting tests
to BVDFree England were not representative of all
English herds. Our analysis shows that these herds
were typically larger and more likely to be dairy than
English herds in general. Herds also may have been
testing for BVD for different reasons. For instance,
they may have been more likely to join either because
they thought they had, or had not, got BVD in their
herd. We also do not know from this dataset which
farms were testing according to the requirements
of BVDFree England and what the fate of PI cattle
was. The decline in the proportion of herds infected
with BVD suggests that most herds were removing PI
cattle and not getting re-infected. We do not know
the rationale farmers had for testing in the scheme,
but this would be valuable information for assessing
a voluntary scheme. Understanding the rationale for
farmers to test with BVDFree England and how they
differ or not from the general population would help
with interpretating how generalisable these results
are, which is currently a limitation of this study.

There has been a decrease in the number of farmers
joining the BVDFree England scheme each year since
2019, and herds in more cattle-dense areas were more
likely to join the scheme than those in less cattle-
dense areas. Farmers engage with BVDFree England
through their veterinarian, and it may be that in areas
with fewer cattle, the farmer’s veterinarian may not
be so engaged with national cattle schemes. Other
research has found that the relationship with the
veterinarian is important in how farmers prevent and
control BVD.?® During the voluntary phase of the Irish
BVD control scheme, there was a higher participation
in the dairy-producing areas than the beef-producing
areas.’! Currently, around 21% of English cattle herds
have tested through BVDFree England at some point,
which is similar to the farmer engagement with the
Northern Irish and Irish schemes before they became
mandatory.!”"'? Wales achieved a much higher volun-
tary engagement rate up to 2022, with free youngstock
antibody screening at the bovine tuberculosis test
and some funding available for the detection of PI
animals; however, identification and removal of the
PI animals was very low.>?® Voluntary schemes rarely
achieve high engagement rates from farmers and often
progress to incentivising testing and compliance with
PI animal removal through legislation, as Scotland,

Northern Ireland and Ireland have all done.’ Keep-
ing momentum in farmer engagement and progress
in disease reduction is important to prevent farm-
ers becoming disillusioned with the scheme.'® The
new Animal Health and Welfare Pathway presents
an opportunity to build on the progress of BVDFree
England if it manages to create substantial additional
farmer engagement in BVD testing and control. How-
ever, to date, there is no database for BVD testing
within the Animal Health and Welfare Pathway, which
will make assessment of progress in national BVD
control difficult.

CONCLUSION

In conclusion, there has been a continued reduction
of the prevalence of BVD in herds in the BVDFree
England test dataset between 2020 and 2023, and the
subset of herds that tested consistently for multiple
years were less likely to have a BVD-positive test result
in later years of testing than in their first year of test-
ing. However, increased engagement with farmers via
the recently established Animal Health and Welfare
Pathway scheme will be required to make further
progress in BVD control in England.
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