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Abstract

The article describes the influence of a disease control scheme (the Norfolk-Suffolk Bovine
Viral Diarrhoea Disease (BVD) Eradication scheme) on farmers’ bio-security attitudes and
behaviours. In 2010, a survey of 100 cattle farmers (53 scheme members vs. 47 out of
scheme farmers) was undertaken among cattle farmers residing in Norfolk and Suffolk
counties in the UK. A cross-sectional independent measures design was employed. The
main analytical tool was content analysis. The following variables at the farmer-level were
explored: the specific BVD control measures adopted, livestock disease priorities, motiva-
tion for scheme membership, wider knowledge acquisition, biosecurity behaviours
employed and training course attendance. The findings suggest that participation in the
BVD scheme improved farmers’ perception of the scheme benefits and participation in train-
ing courses. However, no association was found between the taking part in the BVD scheme
and livestock disease priorities or motivation for scheme participation, or knowledge about
BVD bio-security measures employed. Equally importantly, scheme membership did appear
to influence the importance accorded specific bio-security measures. Yet such ranking did
not appear to reflect the actual behaviours undertaken. As such, disease control efforts
alone while necessary, are insufficient. Rather, to enhance farmer bio-security behaviours
significant effort must be made to address underlying attitudes to the specific disease threat
involved.

Introduction

Bovine Viral Diarrhoea (BVD) is a viral disease of cattle with large impacts on herd productiv-
ity and reproduction [1]. It is estimated that more than 90% of UK herds have been exposed to
the virus [2]. Numerous studies show that BVD has considerable economic consequences at
the farm level [1,3-5]. Scottish Government estimates suggest that the eradication of BVD
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would be worth from £50 to £80 million in increased outputs and reduced costs for the live-
stock industry over the next 10 years [6]. Despite the high cost of the disease, efforts at BVD
control and eradication, at the farm level, are considered patchy at best [7]. In response, the
Scottish Government has recently legislated a mandatory control scheme [6]. While no such
legislation is planned for England, in 2016 the industry-led BVD Free England scheme was ini-
tiated (www.bvdfree.org.uk).

Previous research has shown that there are a number of factors that influence farm-level
biosecurity behaviours. Key factors include farmer age [8-10]) education levels [11] perception
of the risk/impact of a particular disease [12-14] and the overall cost of implementing biosecu-
rity measures [15-18]. Attitudes toward specific bio-security measures themselves have also
been found to be important [13, 14,19]. Access to available sources of information on biosecu-
rity measures and animal health issues ([13, 14, 20] and attitudes towards these sources [13, 14,
21, 22] also play a role. Finally, discussions of bio-security measures with advisors or veterinary
surgeons [13, 14, 23] can drive specific behaviours.

The impact of the health schemes on the implementation of bio-security behaviours by
farmers is less clear. For instance, Heffernan and colleagues reported that participation in the
schemes had no effect on farmer’s ability to work together, or knowledge uptake, or attitude
toward biosecurity regulation [13]. However, in an article which examined the impact of a pri-
ori determinants of bio-security behaviour among UK farmers Toma reported ([14]: pg. 332):

... another strong influence on [bio-security] behaviour comes from membership in a cat-
tle/sheep health scheme, which explained 5% and 25% of the variance in behaviour. . .This
might suggest that farmers who are members in cattle and/or sheep schemes are likely to
apply more biosecurity measures on their farms.

In an environment of increasing resource scarcity, there is an urgent need to find cost effec-
tive solutions to animal health threats. Farmer-led disease control schemes are one such
option. Therefore, in the following article, the authors examine differences in bio-security atti-
tudes and behaviours among two groups of farmers residing in Norfolk and Suffolk: those
enrolled in a BVD scheme (The Norfolk and Suffolk BVD Eradication Scheme) vs. those who
are not. We investigated a range of factors hypothesized to have an influence on bio-security
behaviours: BVD control measures employed, livestock disease priorities, motivation for
scheme membership, perception of the scheme benefits and wider knowledge acquisition.

The Norfolk-Suffolk Bovine Viral Diarrhoea Disease (BVD) Eradication scheme was ini-
tiated in 2007. The aim was to declare Norfolk and Suffolk counties BVD free. According to
the scheme promotional material this aim could be achieved by supporting farmers in
detecting BVD in their livestock and by eliminating the persistently infected (PI) animals
[24]. In this manner, the explicit goal of the scheme did not relate to the formation of farm-
ers groups or group participation per se. Rather, local veterinarians led the scheme and
encouraged farmers to participate. Further, participation in the scheme was voluntary.
Farmers, who were part of the scheme, were expected to test their cattle annually for BVD.
Data as to the overall success or failure of the scheme was not available to the principle
authors at the time of data collection.

Materials and methods
Design and participants

The authors employed a cross-sectional design, in total, 100 farmers (N In-Scheme = 53, N
Out of Scheme = 47) were interviewed across the Norfolk and Suffolk counties in UK.
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Data collection activities were undertaken over a two-week period in December 2010. Con-
venience sampling was utilized to target members of the Norfolk/Suffolk BVD Eradication
Scheme. While 12 veterinary practices across the two counties implemented the scheme, when
contacted local veterinarians from only three of the practices identified participants for inclu-
sion in the study. Of the ten study participants identified in this manner, five agreed to be
interviewed. Latterly, a list of scheme farmers was supplied by the Royal Veterinary College
(an implementer of the Norfolk/Suffolk scheme). All scheme members were contacted to par-
ticipate (n = 101), 48 subsequently agreed. Scheme farmers were then interviewed in person
(n = 38) and via the telephone (n = 10).

Non-scheme farmers were interviewed at the Norwich Livestock Market, Norwich and
Newark Livestock Market in Newark, Nottinghamshire. These markets were selected solely
due to their geographic proximity to the schemes. Ultimately participation in the study by
farmers in both groups relied on the good will of the individuals involved. However, farmers
who did not reside in the geographic area of the schemes, were excluded from participating.

To lower observer bias, the same team interviewed in-scheme vs. out of scheme farmers. All
team members underwent a half-day training in qualitative data collection techniques (n = 4).
Key features included the elements of a quality interview from the ‘word for word’ capturing of
farmers’ narratives to the differences in probing vs. prompting responses, to tools for lowering
observer bias and establishing a successful rapport with participants. Mock interviews using the
questionnaire were then filmed to ensure that all researchers understood the aim of the ques-
tions and to identify any areas of an individual’s interview technique that could be improved.

Questionnaires were semi-structured and farmers were asked to describe different elements
of bio-security in their own words (enumerators were responsible for transcribing the narra-
tives, as interviews were not recorded). Participants were shown the questionnaires prior to
the exchange and were provided with a participant consent form detailing the aims of the
research and confirming that all responses would be anonymised. For phone interviews, the
component parts of the questionnaire were described ex-ante to farmers. Potential interview-
ees were then asked to provide verbal consent for their participation in the project. Those
agreeing were then asked to sign the above statement. The specific procedures for data collec-
tion and participant consent were in full compliance with the ethical guidelines and standards
for human participant research as detailed and further approved by the Research Ethics Com-
mittee, School of Agriculture, Policy and Development, University of Reading.

Data analysis

A content analysis was undertaken on the narratives produced by the interviewees. Content
analysis is a technique for systematically describing data [20]. It provides quantitative and
qualitative descriptions of the information collected. In content analysis, the interview narra-
tives were broken down into themes, in this case the five variables comprising the analysis:
bio-security measures employed with a focus on BVD control measures, livestock disease pri-
orities, motivation for scheme membership, perception of scheme benefits and knowledge
acquisition. To explore the themes, farmers were asked a range of both open-ended and closed
questions. To lower researcher bias, coding was non-inductive i.e. rather applying pre-existing
codes, which may conform to researcher expectations or confirm existing beliefs, in this study
the topics and subsequent codes for qualitative questions emerged from the data itself.
Statistical analysis was performed using IMB SPSS Statistics 22 software (IBM, 2014).The
results were then summarized where the independent variable was the farmer group (in
scheme farmers vs. out of scheme farmers) and the dependent variable was the biosecurity
behaviour indicators (BVD control measures employed, livestock disease priorities, motivation
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for scheme membership, wider knowledge acquisition, the priority of biosecurity behaviours
employed and the frequency of training courses attended). Because of the nonparametric nature
of the biosecurity behaviours indicators data, chi-square analyses were executed to determine
the association between the farmer group and the biosecurity behaviour indicators. To deter-
mine if participation in the scheme affected farmers perception of the control behaviours effec-
tiveness a mixed design Analysis of Variance (ANOVA) was performed with between factor
variable Group (In-Scheme vs. Out of Scheme) and within factor variable Effectiveness of the
biosecurity measures employed (Closed herd, Disinfecting equipment/Foot baths, Good hus-
bandry, Herd Health Plan, Isolating new livestock, Purchasing livestock from a reputable
source, and Vaccination). Participants in the In-Scheme and the Out of Scheme groups were
asked to rate the effectiveness of each biosecurity measure using five point rating scale (1 = ‘not
at all effective’, 2 = ‘not effective’, 3 = ‘neither effective, nor ineffective, 4 = ‘effective’, 5 = ‘very
effective’). Significance was taken at the p = 0.05 level. The data met core assumptions of a nor-
mal data distribution and homogeneity of variance, for both between subject effects (percep-
tions of biosecurity measure effectiveness) and within subject effects (in-scheme vs. out of
scheme).

A ‘STROBE’ Statement is included in the Supplementary Material [S1 Checklist].

Limitations and cautions

Applied studies of human behaviour tend to suffer a number of well-known limitations. First,
such work tends to rely on self-reporting, which means that participants may simply relay ‘the
perceived correct answer’ as opposed to the actual behaviour undertaken. Second, sampling
often relies on convenience or ‘snow balling’ approaches, which may lead researchers to indi-
viduals who may or may not be reflective of the population under study.

To decrease the potential influence of the farmers’ response bias Jones [25] or/and the
‘observer effect’ questions regarding bio-security behaviours and BVD were kept intentionally
neutral (the questionnaire was evaluated by a linguist to remove any elements that may be per-
ceived by enumerators or respondents as ‘leading’ or that which unintentionally may draw
out/influence a response). Core attitudinal and behavioural questions were rephrased to enable
participants to further elaborate upon specific issues. This redundancy was built in to enable
the researchers to evaluate the consistency, accuracy and in some cases, the truthfulness of
responses. For example, when farmers offered that ‘a closed herd’ was the best approach to dis-
ease control, a range of alternatively worded questions on this and a range of other bio-security
behaviours were included across the interview to better determine if this was an actual behav-
iour or stated belief by the farmer involved.

Clearly on farm verification of actual, as opposed to reported behaviours, would alleviate
some but not all of these issues with self-reporting. Indeed, such visits may be equally prone to
the biases above i.e. some bio-security behaviours may or may not be visible on the day.

Convenience sampling may also be problematic in terms of generating conclusions applica-
ble to a wider population. From the outset, this study makes no claims as to universality of atti-
tudes and behaviours understudy. Rather, the reported attitudes and behaviours are explored
in terms of their relation to a specific disease control scheme in a single geography. In this
manner, the wider relevance of the study’s conclusions relate to disease control schemes and
not the attitudes and behaviours under study per se.

Results

Overall, the average age of both in-scheme farmers (M = 63.03, SD = 8.18) and out of scheme
farmers was greater than 55 years, (M = 58.42, SD = 10.49) with in-scheme farmers forming
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the oldest subset of the study group, #(66) = 2.03, p = .047, d = 0.49. Moreover, the in scheme
farmers (M = 169.28, SD = 135.84) reported to have larger herds than out of scheme farmers
(M =112.89, SD = 121.85), #(98) = 2.61, p = .010, d = 0.44.

Interestingly, participation in the scheme did not appear to impact the range of bio-security
behaviours reported but did influence the adoption rates of particular actions. Not surpris-
ingly, across both groups, the disease control measure mentioned with the highest frequency
was a ‘closed herd’ (57% of the in scheme vs. 40% of the out of scheme farmers). A minority of
farmers reported activities such as the ‘use of disinfectants’ and ‘isolating new stock’. Approxi-
mately 15% of farmers across both groups offered that ‘none’ of the existing disease control
strategies were effective in controlling the spread of livestock disease (Table 1).

While it is not surprising that farmers trading at local markets (comprising most of the
non-scheme members) were likely to prioritise ‘isolating new livestock’ and ‘the use of disin-
fectants’, most did not keep ‘closed” herds despite the large number of mentions. To explore
the finding further, farmers across both groups were asked to rank the disease control mea-
sures in terms of ‘effectiveness’ (where 1 = the most effective measure to 4, the least effective).

Keeping a ‘closed herd’ was ranked as first in effectiveness by both in-scheme (55%) and
out of scheme (38%) farmers. While ‘vaccination’ was deemed best by more out of scheme
farmers (13%) than, the six percent of in-scheme study participants who were required to vac-
cinate as part of the BVD scheme. Alternatively ‘use of disinfectants’ ranked second by the in-
scheme (25%), and third by over 10% of the out of scheme farmers. Interestingly, implement-
ing no control measures was ranked fourth by 81% of out of scheme farmers, while ‘good hus-
bandry’ was linked to disease control across both groups (Tables 2 and 3).

When farmers were asked the main strategy they actually employ to control BVD on their
farms the majority of farmers reported having a ‘closed herd” (66% in-scheme vs. 56% out of
scheme farmers), and/or ‘disinfecting”, which includes foot baths and disinfecting vehicles
upon entry to the farm (22% in-scheme vs. 13% out of scheme farmers). A further 2% of the
out of scheme farmers reported that they were ‘testing for BVD’ while 17% reported ‘vaccinat-
ing’ and 6% offered that ‘buying stock from a reputable source’. Nevertheless, many of the
farmers at the markets were buying animals, thereby the notion of a ‘closed herd” (where new
animals are not brought in) while believed to be the ‘safest’ with regard to disease exposure
was not being practiced in its purest form. Hence, farmers who purchased from a ‘reputable
source’ often still categorised their herds as ‘closed’.

Table 1. Bio-security measures employed: In-scheme vs. out of scheme farmers.

Control measures % mentioned % mentioned
In-Scheme Out of Scheme
(N =53) (N=47)
Closed herd 57 40
Use of Disinfectants/Foot baths 8 19
Deworming 0 2
Good fencing 0 2
Herd Health Plan 6 2
Isolating new livestock 6 11
Milking hygiene 4 0
None 15 15
Vaccination 0 2
Good husbandry 2 2
Stock from reputable source 0 4

https://doi.org/10.1371/journal.pone.0179877.t001
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Table 2. In-scheme farmers’ ranking of disease control measures (by effectiveness).

In Schee group (N = 53)

% ranking
Control measures 1 2 3 4
Closed herd 62 11 9 0
Use of Disinfectants/Foot baths 9 25 4 4
Deworming 0 0 2 4
Good husbandry 6 19 8 4
Herd Health Plan 2 2 2 0
Isolating new stock 4 14 12 10
Milking hygiene 4 2 0
None 4 0 0
Purchasing livestock from a reputable source 0 2 2
Vaccination 6 8 0
No response 0 14 48 77

https://doi.org/10.1371/journal.pone.0179877.1002

Other variables that could potentially influence the choice of biosecurity behaviours farmers
adopt are gender and age. As the study set was biased toward men (only two women farmers
were interviewed) we explored the association between age groups: from 20 to 50 years vs.
from 51 to 80 years and the main BVD control behaviours farmers employed (Table 4).

Statistical analysis using a chi-square test found no overall association between the age and
the control measures adopted X*(7) = 9.16, p = .24. A majority of both groups: younger (45%,
N =14) and older (47%, N = 32) reported adopting a ‘closed herd’ to control BVD.

To determine if participation in the scheme affected farmers perception of the control
behaviours effectiveness a mixed design Analysis of Variance (ANOVA) was performed with
the ‘between factor’ variable (In-Scheme vs. Out of Scheme) and ‘within factor variable’ the
effectiveness of the biosecurity measures employed: closed herd, using disinfectants, good hus-
bandry, having a herd health plan, isolating new stock, purchasing livestock from a reputable
source, and vaccination. The analysis revealed no significant interaction between Group mem-
bership and Effectiveness Ratings, F(6, 588) = 1.286, p = .31, > = 0.013. Thus, taking part in

Table 3. Out of scheme farmers’ ranking of disease control measures (by effectiveness).

Out of Scheme group (N = 47)

% ranking

Control measures 1 2 4
Closed herd 49 19 2
Common sense 0 2 0 0
Use of Disinfectants/Foot baths 13 4 13 2
Deworming 0 11 2 2
Good husbandry 6 4 12 11
Herd Health Plan 2 0 0 0
Isolating new stock 6 20 18 2
Milking hygiene 0 0 0 0
None 6 4 2 81
Purchasing livestock from a reputable source 4 0

Vaccination 13 4

No response 0 25 47

https://doi.org/10.1371/journal.pone.0179877.1003
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Table 4. BVD control behaviours adopted: Younger vs. older farmers.

Control measures % mentioned % mentioned
Younger farmers Older farmers
(20 to 50 years) (51to 80 years)
(N =32) (N =68)
Closed Herd 45 47
Use of Disinfectants/Foot baths 10 18
Good husbandry 10
Herd Health Plan 3
Isolating new livestock 16
Purchasing livestock from a reputable source 7 0
Vaccination 6 12
None 3 7

https://doi.org/10.1371/journal.pone.0179877.1004

the scheme had little impact on farmers’ perception of the effectiveness of particular disease
control behaviours (Fig 1).

Disease priorities

All participants were asked to freely list those diseases they felt were the biggest priority or
problem for their farming operation. Overall, the majority of in-scheme farmers (68%)
reported ‘not having’ a priority disease (Table 5). Nevertheless, across both groups bovine
tuberculosis was a concern with out of scheme farmers also worried about a reoccurrence of
foot and mouth disease.

Statistical analysis showed no significant association between the taking part in a scheme
and prioritising BVD X*(1) = 0.36, p = .55. Only 4% of the in-scheme and 6% of out of scheme
farmers reported BVD to be a priority disease (Table 5).

The responses further revealed that a large proportion of the interviewed farmers (96% of
the in-scheme farmers and 97% of the out of scheme farmers) shared the belief that BVD was
no longer a threat.

ID 45: ‘BVD is under control’.

ID 42: ‘BVD is almost sorted out now’.

ID 51: “All steps have now been taking to address the [BVD] problem’.
ID 22: ‘BVD is the problem of the past’.

However, livestock disease in general and BVD in particular is often subject to social
[13]. Indeed, despite being a member of a BVD control scheme, only three farmers
across the study set mentioned that they shared BVD status information with their
friends and neighbours. Reasons for not disclosing BVD status largely revolved around
the notion that BVD was a ‘dirty’ disease and hence a reflection of a farmer’s husbandry
skills:

ID 96: “.. .farmers reluctant to share, if haven’t got it [BVD] they’re not worried. . .They
think will lose more than will gain—dirty farm syndrome. Pedigree breeders have valuable
stock and don’t want to disclose it.’

ID 88: ‘People worried who will use it [BVD status] in the future’.
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Vaccination

Purchasing Replacements from a Reputable Source

Isolating New Stock

Herd Health Plan DOOut of Scheme

W |n-Scheme

1

E

Good Husbandry

Disinfecting Premises/Footbaths

Closed Herd

-

2 3 4 5

Fig 1. In-scheme vs. out of scheme farmers disease control behaviours effectiveness rating. Solid black bars indicate the in-scheme farmers’ effectiveness ratings of
the disease control behaviours. Solid white bars show the out of scheme farmers’ ratings. Effectiveness ratings ranging from 1 = ‘not at all effective’ to 5 = ‘very effective’.

https://doi.org/10.1371/journal.pone.0179877.9001

ID 33: ‘[BVD viewed]. . .in a bad light. Speak to each other, but wouldn’t trust what they
said though.’

Wider animal health issues were also not disclosed, 75% of the in-scheme farmers and 72%
of out of scheme farmers noted that they were too embarrassed or/and ashamed to discuss live-
stock disease.

ID 94: ‘No farmer likes to admit to have a problem [on their farm] because it is not only
reflects badly on my farm image but it is also too embarrassing for a farmer.’
ID 13: T am embarrassed to discuss my farm problems.’

ID 72: ‘I never talk to anyone, because I do not want people to know problems on my
farms. Ego thing, you know.’

PLOS ONE | https://doi.org/10.1371/journal.pone.0179877 February 12,2018 8/14


https://doi.org/10.1371/journal.pone.0179877.g001
https://doi.org/10.1371/journal.pone.0179877

@° PLOS | ONE

Farmers behaviour

Table 5. Livestock disease priorities.

Disease priority % mentioned % mentioned
In Scheme Out of Scheme
(N =53) (N =47)

Black Leg 0 4
Bluetongue 6 4
Bovine Viral Diarrhoea 4 6

Foot and Mouth Disease 0 11
Johne’s Disease 0 4
Leptospirosis 0 2

Liver fluke 0 2
Mastitis 2 2

None 68 21
Pneumonia 6 4
Bovine Tuberculosis 14 38
Total 100 100

https://doi.org/10.1371/journal.pone.0179877.1005

ID 87: ‘I do not want to admit to have a problem on my farm as it reflects badly on my
reputation.’

Membership in a group broadly entails that members share a common aim and will work
together to meet that aim. Clearly in relation to a disease eradication scheme, it would be
expected that group members would desire to be free of the disease on at least the farm level.

Motivation for scheme membership

When asked why they decided to join the scheme, 20% of farmers did not offer a particular
reason. Nearly 1/3" (29%) simply stated that they joined the scheme because ‘their vet advised
them’. Despite not admitting to a problem with BVD in the first place, 35% of farmers stated
that they took part in the scheme because they either ‘wanted to solve an existing problem’
(25%) or for ‘financial reasons’ (10%). A further 25% reported to get involved in the scheme
because they wanted to ‘improve health of their animals’ (Fig 2).

In contrast, only 6% of out of scheme farmers believed that a scheme could offer some bene-
fits (Fig 3).

Vet advised

Donot know

Herd health benefits
Financial reasons

Already on premium scheme

T T T 1

0 10 20 30 40
proportion of farmers (%)

Fig 2. In-scheme farmers: Reasons offered for joining the BVD scheme (percent response).

https://doi.org/10.1371/journal.pone.0179877.9002
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No benefit

Reduced economic losses
Peace of mind

Increased fertility
Improved herd performance
Healthier animals

Easier to sell

Better sale price

0 10 20 30 40
proportion of farmers (%)

Fig 3. Frequency of training course attendance by the in-scheme and out of scheme farmers.

https://doi.org/10.1371/journal.pone.0179877.9003

Despite declaring that BVD was ‘no longer a problem’ or a ‘priority’, 22% of farmers noted
that scheme membership offered psychological benefits i.e. ‘peace of mind’ (Table 6). A variety
of economic benefits were offered ranging from ‘increased fertility’ to ‘easier to sell/better sale
price’ and ‘better herd performance’ (Fig 3).

When association between the type of scheme benefits reported by the in-scheme farmers
(i.e., psychological benefits and economic benefits) and the type of disease control behaviours
adopted was examined no significant association was found between these variables X?(6) =
7.39, p = .29.

Moreover, the chi-square analysis found no association between the type of the scheme
benefits reported by the in-scheme farmers (i.e. psychological and economic benefits) and dis-
ease priority (i.e. BVD or other diseases) X3(2) =1.01, p =.58. Only 7% of in-scheme farmers
who stated the BVD scheme offered economic benefits (N = 27) and none of the in-scheme
farmers who reported to benefit from the scheme psychologically (N = 9) reported BVD to be
a priority disease.

Clearly the reasons for joining a scheme are likely to influence a farmer’s decision to con-
tinue membership over time. Thus, it is reasonable to assume if these expectations are not ful-
filled the membership is likely to discontinue.

Knowledge acquisition

Statistical analysis showed a significant association between taking part in the scheme and
whether or not farmers had attended a training course X*(1) = 5.50, p = .027. While the

Table 6. Behaviours adopted by in-scheme farmers who reported the scheme offered psychological and/or eco-
nomic benefits.

Disease control behaviours adopted % mentioned % mentioned
Economic Psychological benefits

benefits (N=9)
(N=27)

None 0 11

Closed herd 59 67

Use of Disinfectants/Foot bath 11 0

Good husbandry 4 11

Herd Health Plan 4 11

Isolating new stock 11 0

Vaccination 11 0

https://doi.org/10.1371/journal.pone.0179877.t1006
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majority of in-scheme farmers (57%) reported attending a training course, only 33% of the out
of scheme farmers noted they had gone on a course.

Across scheme members, a larger proportion of interviewed farmers (28%) attended
courses ‘annually’. Conversely non-members, reported much lower attendance rates with
‘occasionally’ (9%) or only ‘once’ (11%).

Interestingly, 36% of farmers who reported attending a training course(s) (18% in-scheme
and 18% of the out of scheme group farmers) were not able to recollect what was actually dis-
cussed on the courses they attended. Almost half (48%) scheme members said that the ‘general
animal health’ (18%), lameness’ (18%) and ‘livestock fertility’ (12%) were discussed on those
courses they took part in. Conversely, the topics of the courses attended by non-scheme mem-
bers included ‘animal health’ (36%), ‘fertility’ (9%), foot trimming’ (9%) and ‘liver fluke’ (9%).
Only 6% of the in-scheme farmers and none of the out of scheme farmers who went to a train-
ing course(s) recalled that BVD was mentioned on the training courses they attended (Table 5).

Discussion

Farmers participating in the study were, at least ostensibly, from two very different mindsets:
those electing to be part of a scheme sponsored by their veterinary practice to those willing to
speak to researchers on a busy market day and out with any such formal disease control pro-
gramme. As such, from the outset, the expectation would be that these groups would have very
different attitudes toward disease control in general and BVD control more specifically. Inter-
estingly, in this case, it was the similarities in stated attitudes and behaviours that proved to be
more relevant than the differences.

For example, we did not find an association between participation in the BVD scheme and
farmers’ priority livestock disease, motivation, or knowledge acquisition in relation to BVD.
Scheme membership equally did appear to influence perceptions regarding the importance of
specific bio-security measures employed. Membership was, however, associated with the train-
ing course attendance and the priority accorded to wider biosecurity behaviours such as hav-
ing a ‘closed herd’ and ‘the use of disinfectants’.

Indeed, when the in-scheme and the out of scheme farmers were asked to identify the mea-
sure(s) that in their opinion would be the most effective in controlling BVD, a ‘closed herd’
was viewed by farmers from both groups as the best measure to control BVD. Every sixth
farmer across the study set reported ‘none’ of the existing BVD control measures to be effec-
tive. In-scheme farmers, did not view vaccination as a critical BVD control measure, despite its
inclusion in many of the scheme-led ‘bespoke biosecurity plans’ developed by the vets for the
farmers involved.

In contrast to Toma et al. [14] we found scheme membership did not increase the number
of BVD control measures farmers reported to employ. Rather, across the two groups, more out
of scheme farmers reported using a greater number of BVD control measures (i.e., ‘closed
herd’, ‘disinfecting’, ‘BVD testing’, ‘vaccination’ and ‘purchasing only from known sources’)
than in-scheme farmers (i.e., ‘closed herd’ and ‘disinfecting’). While the authors did not verify
if such answers were the ‘perceived correct ones’ or reflected actual on-farm practice, the find-
ing does illustrate the ongoing need for knowledge transfer across disease control schemes.
Further, farmers’ ratings of effectiveness also illustrated that taking part in the scheme did not
appear to influence farmers’ perception of the effectiveness of particular biosecurity behav-
iours. In both groups farmers reported ‘closed herd’ and ‘disinfecting’ to be ‘effective’ or/and
‘very effective’ BVD control behaviours. Further the biosecurity behaviours farmers engaged
in to control the BVD were not associated with farmer age: the majority of the older and the
younger farmers offered that a ‘closed herd’ controlled the disease.
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Equally surprisingly, participation in the scheme did not appear to influence the way farm-
ers prioritized animal health constraints. Across the study groups only a small proportion of
farmers reported BVD to be a priority. It is interesting to note that while BVD remains a clear
threat in Norfolk and Suffolk counties, the majority of farmers in both groups reported BVD
to be ‘no longer a threat’ or to be ‘under control’.

Both in-scheme and the out of scheme farmers found sharing information about animal
health to be a very sensitive subject (with 36% of in scheme farmers and 34% of out of scheme
farmers reported to share the information about animal health with members of their social
network). The study also illustrated that perceptions regarding sensitive subjects such as ani-
mal health information sharing had a large emotional component. According to Heffernan
etal. [13], BVD is largely perceived to be the fault of individual farmer and often entails social
censure. Indeed, participants in both groups explained their choice to not share animal health
information in order to avoid feeling embarrassed or ashamed.

The in-scheme farmers’ responses also demonstrated that the majority of farmers did not
offer an explanation as to why they joined the BVD scheme or simply noted they joined the
scheme because their local vet advised them to. The finding illustrates the importance of vets
in the frontline of bio-security engagement. Yet when the in-scheme farmers were asked to list
scheme benefits, a high percentage of farmers deemed the scheme to have no benefits at all.
Such responses reveal an important lesson for future disease control schemes: there is an
urgent need for veterinarian-led, on-going knowledge transfer that supports continued farmer
engagement across the project cycle. The findings demonstrate that while the role of veterinar-
ians in promoting disease control activities is undisputed, the manner and means by which
farmers are engaged could be improved.

In relation to knowledge, scheme membership did increase the frequency with which train-
ing courses were attended. While such course attendance did not appear to influence the adop-
tion of specific biosecurity behaviours, the finding does illustrate that in-scheme farmers were
more open to self-learning. And in this manner, augmenting disease control programs with
specific training activities both within and external to the scheme itself may enhance overall
effectiveness.

Conclusion

Organising farmers into groups to control livestock disease and ultimately, to support beha-
vioural change has historical precedence [26, 27]. Part of the problem is there are few alterna-
tives: volunteer groups are seen as cost-effective and forming such groups is viewed as positive
direct action against disease threats. Yet how successful such groups are in meeting either of
the above objectives has not been the subject of much research interest.

Our findings also demonstrate the complexity in assessing the impact of disease control
schemes on farmer behaviour. As noted above, across the groups, many of the attitudes and
behaviours toward BVD and disease control more widely, were the same. While scheme farm-
ers were more open to knowledge transfer activities, changing the lens by which they viewed
BVD did not appear to be completely successful.

In this manner, the study offers three policy relevant cautions. First, the findings suggest
that efforts to better identify and understand the differences between farmers groups may be
counterproductive in terms of disease control. The similarities between in-scheme and out of
scheme farmers in terms of attitudes and behaviours far outweighed the differences. Second,
to enhance the impact of disease control schemes, components that address core farmer beliefs
and behaviours, must be better integrated across programme activities. Finally, the social fac-
tors regarding BVD i.e. notions of the disease as ‘dirty’ and the censure received with a positive
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diagnosis must not be overlooked. In this manner, it is clear that a more holistic approach to
disease control that accounts for and addresses critical attitudinal and behavioural barriers at
the farm level are likely to improve the impact of disease control schemes.

But the findings also leave us with a related question for future research: is it time to look
beyond farmers groups for disease control?

Supporting information

S1 Checklist. Strobe checklist.
(DOC)

Acknowledgments

The authors would like to thank the farmers who participated in the study for their time and
interest.

Author Contributions
Conceptualization: CH LA]J.
Data curation: CH LA]J.
Formal analysis: LAJ.
Funding acquisition: ]B GG.
Investigation: LA] CH.
Methodology: LAJ CH.
Project administration: CH.
Resources: CH.

Supervision: CH.

Validation: LAJ.

Writing - original draft: LA]J.
Writing - review & editing: CH JB GG.

References

1. Houe H. Epidemiological features and economical importance of bovine virus diarrhoea virus (BVDV)
infections. Vet Microbiol. 1999; 64(2-3):89—107. PMID: 10028165

2. Cattle [Internet]. NADIS—National Animal Disease Information Service -. [cited 2017Aug1]. Available
from: http://www.nadis.org.uk/livestock/cattle.aspx

3. Anderson M, Blanchard P. The clinical syndromes caused by Salmonella infection. Vet Med. 1989;
84;816-819

4. Bolin CA, Alt DP, Clinical signs, diagnosis, and prevention of bovine leptospirosis. In: Caple, |.W. (Ed.),
Proceedings of the XX World Association for Buiatrics Congress, Sydney. 1998; 899-904.

5. Schaik GV, Schukken Y, Nielen M, Dijkhuizen A, Barkema H, Benedictus G. Probability of and risk fac-
tors for introduction of infectious diseases into Dutch SPF dairy farms: a cohort study. Pre Vet Med.
2002; 54(3): 279-89.

6. The Scottish BVD Eradication Scheme. Available from: http://www.gov.scot/Topics/farmingrural/
Agriculture/animal-welfare/Diseases/disease/bvd/eradication. Cited December 15, 2014

7. Beef cattle and dairy cows: health regulations. Available from https://www.gov.uk/guidance/cattle-
health. Cited November 29, 2014

PLOS ONE | https://doi.org/10.1371/journal.pone.0179877 February 12,2018 13/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0179877.s001
http://www.ncbi.nlm.nih.gov/pubmed/10028165
http://www.nadis.org.uk/livestock/cattle.aspx
http://www.gov.scot/Topics/farmingrural/Agriculture/animal-welfare/Diseases/disease/bvd/eradication
http://www.gov.scot/Topics/farmingrural/Agriculture/animal-welfare/Diseases/disease/bvd/eradication
https://www.gov.uk/guidance/cattle-health
https://www.gov.uk/guidance/cattle-health
https://doi.org/10.1371/journal.pone.0179877

@° PLOS | ONE

Farmers behaviour

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.
26.

27.

Small B, Murphy-Mclntosh A, Waters W, Tarbotton L. Pastoral farmers goals and intensification strate-
gies. 2005 Conference, August 26-27, 2005, Nelson, New Zealand. Available from: http://econpapers.
repec.org/paper/agsnzar05/

Sayers R. O’Doherty E. Bloemhoff Y. Burne N. Dairy cow fertility reproductive performance for efficient
pasture-based system. International Conference, Cork, Ireland. 2014; 1—124.

Blackstock K, Ingram J, Burton R, Brown K, Slee B. Understanding and influencing behaviour change
by farmers to improve water quality. Sci Total Environ. 2010; 408(23):5631-8. https://doi.org/10.1016/j.
scitotenv.2009.04.029 PMID: 19464728

Austin EJ, Deary IJ, Willock J. Personality and intelligence as predictors of economic behaviour in Scot-
tish farmers. European Journal of Personality. 2001; 15: 123-137

Smith DR, Grotelueschen DM. Biosecurity and biocontainment of bovine viral diarrhea virus. Vet Clin
North Am: Food Anim Pract. 2004; 20(1): 131-49.

Heffernan C, Nielsen L, Thomson K, Gunn G. An exploration of the drivers to bio-security collective
action among a sample of UK cattle and sheep farmers. Pre Vet Med. 2008; 87(3—4):358—72.

Toma L, Stott AW, Heffernan C, Ringrose S, Gunn GJ. Determinants of biosecurity behaviour of British
cattle and sheep farmers—A behavioural economics analysis. Prev Vet Med. 2013; 108 (4):321-33.
https://doi.org/10.1016/j.prevetmed.2012.11.009 PMID: 23194894

Santarossa J, Stott A, Humphry R, Gunn G. Optimal risk management versus willingness to pay for
BVDV control options. Prev Vet Med. 2005; 72(1-2):183-7. https://doi.org/10.1016/j.prevetmed.2005.
08.019 PMID: 16169618

Stahl K, Kampa J, Alenius S, Wadman AP, Baule C, Aiumlamai S, et al. Natural infection of cattle with
an atypical HoBi-like pestivirus—Implications for BVD control and for the safety of biological products.
Vet Res. 2007; 38(3):517-23. https://doi.org/10.1051/vetres:2007012 PMID: 17506974

Bitsch V. Experiences from the Danish programme for eradication of bovine virus diarrhoea (BVD)
1994-1998 with special reference to legislation and causes of infection. Vet Microbiol. 2000; 77(1—
2):137-43. PMID: 11042407

Negrén MCAD, Raizman EA, Pogranichniy R, Hilton WM, Lévy M. Survey on management practices
related to the prevention and control of bovine viral diarrhea virus on dairy farms in Indiana, United
States. Prev Vet Med. 2011; 99 (2—4):130-5. https://doi.org/10.1016/j.prevetmed.2010.12.008 PMID:
21257213

Bingham N, Enticott G, Hinchliffe S. Biosecurity: Spaces, Practices, and Boundaries. Env Plan 2008;
40(7):1528-33.

Stemler 2001—An Overview of Content Analysis [Internet]. Scribd; [cited 2017Aug1]. Available from:
https://www.scribd.com/document/78795687/Stemler-2001-An-Overview-of-Content-Analysis

Gunn G, Saatkamp H, Humphry R, Stott A. Assessing economic and social pressure for the control of
bovine viral diarrhoea virus. Prev Vet Med. 2005; 72 (1-2):149-62. https://doi.org/10.1016/.
prevetmed.2005.08.012 PMID: 16243404

Devitt C, Graham DA, Coughlan S, Oflaherty J. Herd owner experiences of the voluntary phase of a
BVD eradication programme: TABLE 1: Veterinary Record. 2014Feb; 174(19).

Gunn G, Heffernan C, Hall M, Mcleod A, Hovi M. Measuring and comparing constraints to improved bio-
security amongst GB farmers, veterinarians and the auxiliary industries. Pre Vet Med. 2008; 84(3—4):
310-23.

S. Norfolk & Suffolk BVD Control Scheme [Internet]. Lorna Kyle. Scottish Agricultural College (SAC);
2012 [cited 2017Aug1]. Available from: http://www.sruc.ac.uk/info/120112/premium_cattle_health_
scheme/617/norfolk_and_suffolk_bvd_control_scheme.

Jones SRG. Was there a Hawthorne effect? Am J Soc. 98 (3): 451—-468.

Heffernan C, Azbel-Jackson L, Brownlie J, Gunn G Farmer Attitudes and Livestock Disease: Exploring
Citizenship Behaviour and Peer Monitoring across Two BVD Control Schemes in the UK. 2016 PLOS
ONE 11(3): e0152295. https://doi.org/10.1371/journal.pone.0152295 PMID: 27023269

Heffernan C, Misturelli F, Nielsen L, Gunn GJ, Yu J. Analysis of Pan-European attitudes to the eradica-

tion and control of bovine viral diarrhoea Vet Rec. British Medical Journal Publishing Group; 2009
164:163—167. PMID: 19202168

PLOS ONE | https://doi.org/10.1371/journal.pone.0179877 February 12,2018 14/14


http://econpapers.repec.org/paper/agsnzar05/
http://econpapers.repec.org/paper/agsnzar05/
https://doi.org/10.1016/j.scitotenv.2009.04.029
https://doi.org/10.1016/j.scitotenv.2009.04.029
http://www.ncbi.nlm.nih.gov/pubmed/19464728
https://doi.org/10.1016/j.prevetmed.2012.11.009
http://www.ncbi.nlm.nih.gov/pubmed/23194894
https://doi.org/10.1016/j.prevetmed.2005.08.019
https://doi.org/10.1016/j.prevetmed.2005.08.019
http://www.ncbi.nlm.nih.gov/pubmed/16169618
https://doi.org/10.1051/vetres:2007012
http://www.ncbi.nlm.nih.gov/pubmed/17506974
http://www.ncbi.nlm.nih.gov/pubmed/11042407
https://doi.org/10.1016/j.prevetmed.2010.12.008
http://www.ncbi.nlm.nih.gov/pubmed/21257213
https://www.scribd.com/document/78795687/Stemler-2001-An-Overview-of-Content-Analysis
https://doi.org/10.1016/j.prevetmed.2005.08.012
https://doi.org/10.1016/j.prevetmed.2005.08.012
http://www.ncbi.nlm.nih.gov/pubmed/16243404
http://www.sruc.ac.uk/info/120112/premium_cattle_health_scheme/617/norfolk_and_suffolk_bvd_control_scheme
http://www.sruc.ac.uk/info/120112/premium_cattle_health_scheme/617/norfolk_and_suffolk_bvd_control_scheme
https://doi.org/10.1371/journal.pone.0152295
http://www.ncbi.nlm.nih.gov/pubmed/27023269
http://www.ncbi.nlm.nih.gov/pubmed/19202168
https://doi.org/10.1371/journal.pone.0179877

