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ARTICLE INFO ABSTRACT

Keywords: Johne’s Disease (JD) is an infectious ruminant disease that can cause economic loss for famers through reduced
Behaviour change milk yields and infertility and has negative implications for animal welfare. JD is endemic in the dairy pop-
Cf’ntrOI ulations of many countries and there has been significant effort by governments and industry to try and control
ED:Z?z:tion it. However, these efforts have had limited success. Many studies look at individual control programmes or the
Johne’s adoption of Johne’s control measures; however a wider perspective on what drives farmer participation Johne’s

control does not currently exist. This study seeks to fill this gap by conducting a systematic review informed by
the PRISMA statement. The results suggest that psychological factors such as participation fatigue, cognitive
dissidence over animal welfare and not having first-hand experience of the disease act as barriers to Johne’s
control. To better promote Johne’s control, this review emphasises that control programmes need to engage
farmers, advisers, and supply chain actors in their design and delivery of control programmes to account for

differing attitudes and levels of knowledge.

1. Introduction

Infections by Mycobacterium avium, subspecies paratuberculosis (MAP)
are known as Johne’s Disease (JD). It is a chronic and infectious rumi-
nant disease that can cause economic loss for farmers through reduced
milk yields and infertility and has negative implications for animal
welfare (Garvey, 2020). The disease progressively damages the in-
testines of affected animals and can eventually result in severe weight
loss, loss of condition and infertility. However, in many dairy herds, the
presence of JD is only realized due to progressive reduction in milk
yields. Due to the cryptic nature of the infection and in many cases the
absence of overt clinical symptoms, the disease can spread throughout a
herd causing significant long- term economic losses to the farmer and
welfare issues to the animals which may suffer illness. There have also
been suggestions that JD in cattle is linked to Crohn’s Disease in humans,
however this has yet to be proven (Davis and Madsen-Bouterse, 2012).
JD is endemic in the bovine populations of many countries including the
UK, USA, Canada, Denmark and the Netherlands (Geraghty et al., 2014)
and is widely recognised as one of the most important endemic diseases
of cattle. For example, based on a UK survey of 794 professionals and
441 dairy farmers conducted by the Agriculture and Horticulture
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Development Board (AHDB) and Ruminant Health and Welfare, Johne’s
was ranked number one out of nineteen cattle diseases in terms of its
impact on national production efficiency (AHDB, 2021). As a result,
many countries have introduced schemes and programmes to try and
control the spread of JD amongst dairy cattle, but these have had mixed
success and uptake.

Controlling JD can be challenging due to the long incubation period
of the disease and the poor sensitivity of tests (Strain, 2018). However,
managing its prevalence within a herd is possible if the correct man-
agement practices are put in place (Strain, 2018). Most JD control
programmes recommend a mixed approach of test-and-cull combined
with improved management practices that control on-farm risks (Orpin
et al., 2020; Shepard et al., 2016; Donat et al., 2022). Whilst the suc-
cesses and failures of such programmes have been analysed across many
individual studies, a wider perspective of what drives Johne’s control is
missing from the literature. This systematic review seeks to fill this gap
and offer a broad understanding of what the drivers and barriers are to
farmers adopting JD control measures and participating in JD control
schemes. This can help to inform future policies and ensure control
programmes are designed to meet the needs of farmers.

This study begins with a brief overview of Johne’s control measures
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and programmes. It then details the methods used and the results from
the systematic review. Finally, a discussion section places the results in
the context of the wider literature and highlights some key conclusions
that should be considered in future policy making.

1.1. Johne’s disease control

Dairy farmers are familiar with disease control, having to constantly
manage both viral and bacterial diseases on-farm. For example, Bovine
Viral Diarrhoea (BVD) poses a significant threat to dairy herds around
the world (Yarnall and Thrusfield, 2017) and requires farmers to
vaccinate cattle and implement a test-and-cull strategy. This has proved
highly effective (Moennig and Yarnall, 2021). Bovine Tuberculous (bTB)
is another common dairy cattle disease. In the EU and UK, farmers are
required to test all their herd for bTB and any positive cattle are
slaughtered (Allen et al., 2018). Restrictions on cattle movements are
also implemented. The bTB scheme in the UK has had mixed success
(Godfray et al., 2018), whilst within the EU, bTB eradication has been
achieved in several countries (Allen et al., 2018). However, differences
in the epidemiology of JD compared to BVD and bTB mean that
test-and-cull control strategies are inefficient (Nigschl et al., 2021). JD
tests indicate the level of MAP/MAP antibodies present within the faeces
or milk of dairy cattle and these levels can increase or decrease
depending on the stresses that animal is experiencing (Pritchard et al.,
2017). Cows with high MAP/MAP antibody levels are often recom-
mended to be culled. However, as JD is sub-clinical and tests have
relatively low sensitivity, even if an animal does test negative, it does not
mean it is free from infection (Karuppusamy et al., 2019) Therefore, a
wider package of measures to control JD are needed.

Most JD control programmes and schemes have been initiated in the
last 30 years, with the scale and nature of these programmes differing
between regions (Geraghty et al., 2014). The programmes are often
voluntary and therefore rely on farmer enrolment and retention for their
success (Zoche-Golob et al., 2021). Participation is generally low despite
the benefits of JD control having been communicated for decades
(Zoche-Golob et al., 2021). In Germany and Canada, control pro-
grammes are developed by individual states and provinces (Donat et al.,
2022; MacDonald-Phillips et al., 2021) meaning there is not one set of
harmonised rules across the countries. In the UK, Johne’s control is led
by an industry group who have developed the National Johne’s Man-
agement Plan. Adherence to the plan is often enforced by milk buyers or
farm assurance schemes (Orpin et al., 2023). In some countries, parties
such as milk buyers and processers set the minimum standards for
Johne’s control (Queensland Government, 2023; Farmers Weekly,
2017) and therefore farmers either have to comply or change buyer. In
the Netherlands, milk processors are often reluctant to buy from farmers
who have any test-positive cattle in their herd (Geraghty et al., 2014).

Johne’s control strategies involve regular testing, increased hygiene,
the segregation of high-risk cows from calves and the culling of high
positive animals. Vaccination for JD is currently not cost-effective
(Ugochukwu et al., 2020) and unsuitable for areas with bTB as it can
interact with tests (McAloon et al.,, 2019). Despite control measures
being pushed by various governments, institutions and buyers, Johne’s
control has proved very hard to achieve (Geraghty et al., 2014). This
study aims to provide a broad understanding of the drivers and barriers
to the adoption of JD control measures by farmers.

1.2. Methods

The method used for this systematic review is drawn from the
PRISMA statement (Moher et al., 2009) which provides a framework to
identify and analyse academic literature systematically and trans-
parently. An initial search of online databases (Scopus, PubMed and
Web of Science) was carried out using keywords. These keywords were
identified by experts in Johne’s Disease and farmer behaviour change.
The words were divided into two categories: population and outcomes.
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The population search terms refer to the individual, animal and disease
which form the focus of the research. The following terms were included
in the population category:

(farm* OR vet* OR veterinarian OR agri* OR dairy OR cattle OR
bovine OR ruminant* OR cow*) AND (Johne’s OR Johnes OR para-
tuberculosis OR ‘Mycobacterium paratuberculosis’ OR ‘Mycobacterium
avium subspecies paratuberculosis’ OR ‘Mycobacterium avium ssp’).

The outcome category included terms related to the adoption of
Johne’s control measures. These were:

(adopt* OR particpa* OR scheme OR action OR control OR cull* OR
segregat® OR implement* OR invest* OR approach* OR prevent* OR
manage* OR engage* OR application OR program*).

Papers included in the search had to be published after 2010 to
ensure they were relevant to our most recent understanding of Johne’s
control. Despite studies before 2010 offering important insight into
farmer behaviour and decision-making, differences in our knowledge of
JD and the design of JD programmes has changed. It was therefore
deemed appropriate to select 2010 as a cut-off date for publications
included in this review. Papers also had to be in English. The literature
search was carried out in July 2023. The search generated 1582 articles
in Scopus, 1841 in Web of Science and 1011 in PubMed, giving a total of
4434 articles. The titles and abstracts of these articles were uploaded
into Rayyan, an online software to help with systematic reviews. Rayyan
automatically detects and excludes duplicated articles. 2532 articles
were excluded leaving 1902 articles for the abstract sift.

The abstract screening process involved each abstract being assessed
against the inclusion and exclusion criteria shown in Box 1. A sample of
10% of the articles were randomly selected by Rayyan to be screened by
another author. There were no conflicting decisions at this stage. The
abstract screening resulted in 212 articles being included, 207 of which
could be located via university access to publishers and databases. The
additional 5 articles were not available online. The full texts of these 212
were then uploaded into Sysrev, another online platform to assist with
systematic literature reviews. At this stage, the same inclusion and
exclusion criteria were used to assess the full text of each article and 43
were included for the final analysis of relevant literature. A diagram of
the PRISMA process is shown in Fig. 1.

A search of grey literature was also carried out. This was done by
systematically searching relevant government websites and through a
google search. The grey literature was also assessed against the inclusion
and exclusion criteria in Box 1 to ensure it was relevant to the research
topic. Eight pieces of grey literature were identified and included.

2. Results

The articles selected for the final analysis covered 10 individual
countries whilst 6 articles focused on multiple countries. All of the ar-
ticles looked at either the drivers and barriers to scheme participation or
the drivers and barriers to the adoption of Johne’s control measures.
Fig. 2 shows the study countries by the focus of the article. Canada was
the most studied country, followed by the USA and Denmark/Australia.

The majority of academic papers used quantitative methods
(n = 21), followed by qualitative (n = 18). A few studies used mixed
methods (n = 2) and two study was a systematic review. All studies
focused on dairy cows.

The 47 academic papers identified in the literature search were
written by 126 authors. Many of the authors were named on more than
one publication. The network map in Fig. 3 shows each author con-
nected to who they have co-authored a paper with. The size of each node
represents how many publications each author is named on. The high
amount of interconnection in the main component of the network graph
indicates that many publications are authored by similar groups of
people which could offer the potential for some bias in data.

As part of the data analysis process, each article included in the re-
view was tagged with the barriers and drivers to Johne’s control that
they discuss and with the recommendations they present for future
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Fig. 1. Article identification process using the PRISMA framework.

Include criteria:

Exclude criteria:

Box 1: Inclusion and Exclusion criteria

e Must be a study on Europe, the US, Australia, Canada or New Zealand.

e Must be focused on dairy cattle (including cows, goats and sheep).

e Must focus on the drivers of JD management practices OR barriers to JD management practices OR both OR must focus on a scheme or control
programme for JD

e Studies must be published after 2010.

o African, Asian or South American countries as these farmers tend to be lower income and therefore face unique challenges in disease control.
e Studies that are purely scientific in focus and do not contain any social science.
e Studies published before 2010.

e Studies that look at non-dairy cattle including beef cows.
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Scheme Participation: 30

Control Measures: 21

Fig. 2. The number of articles which focus on the drivers or barriers of either adoption of Johne’s Disease control measure, or participation in Johne’s Disease control

scheme, by country.

control strategies. Through this process, key themes in the literature
were identified. For the barriers to Johne’s control these were; concerns
over testing, time taken to see results, a lack of interest, economics and a
lack of space. For the drivers of Johne’s control these were; economics,
herd health, better knowledge of Johne’s and human health. The rec-
ommendations for improved Johne’s control were categorized into im-
provements to control schemes and improvements to extension efforts.
These themes are not mutually exclusive and there may be some overlap
between them. The articles that discuss each theme are listed in Table 1.

3. Barriers to the adoption of JD control practices
3.1. Testing

The most common test for JD is the Enzyme Linked Immunosorbent
Assay (ELISA) which detects MAP-specific antibodies, usually in milk
(Tuberquia-Lopez et al., 2022; Khol and Baunmgartner, 2012). Its
popularity is mostly due to its cost, ease and time to perform (Tuber-
quia-Lopez et al., 2022). However, these tests tend to have low sensi-
tivity, particularly in young cattle (Bakker, 2013) and in animals with
subclinical disease (Tuberquia-Lopez et al., 2022; Orpin, 2017). Faecal
sampling is also commonly used to identify levels of MAP (Ritter et al.,
2015; Geraghty et al., 2014). Some control schemes use faecal sampling
alongside ELISA tests or as an alternative. However, faecal sampling has
received the same criticisms as ELISA, with diagnosing ‘light shedders’
of the disease proving challenging (Espejo et al., 2015). A study by
Espejo et al. (2015) found the performance of both ELISA tests and faecal
sampling to be similar. As a result, farmers view JD tests as unreliable
and can be concerned about making culling decisions based on the result
(McAloon et al., 2017; Orpin, 2017). In Australia, the existence of ‘false
positive’ tests meant that farmers would rather leave the control pro-
gramme than deal with the stress of the experience again (Herd Health

Pty Ltd, 2016).

The nature of Johne’s tests means that whilst dairy cattle may be
positive or negative, farmers are also given a value that indicates the
level of MAP/MAP antibodies present. Farmers are then required to
make culling decisions based on the level of MAP/MAP antibodies
present. Receiving test results in this way was viewed as a disincentive to
farmers joining control schemes as they felt that they would never be
able to achieve Johne’s free status (Jordan et al., 2020). In the
Thuringian Bovine Johne’s Disease Control Program, farmers can be
certified ‘non-suspect’, however the frequent testing schedule required
to maintain the status due to low sensitivity of the tests was found to be
both expensive and frustrating for farmers (Donat et al., 2022; Inter-
national Dairy Federation, 2023). Two studies noted the link between JD
testing and bovine tuberculous (bTB) testing. Carrying out a Johne’s test
within a 90-day time period of a bTB test can cause false positives
(Picasso-Risso et al., 2019) which furthered farmer distrust of test results
(Tuberquia-Lopez et al., 2022; Orpin, 2017). One study found that some
farmers are unaware of the issues surrounding Johne’s testing, leading
them to put too much trust in the results which may result in incorrect
management practices being adopted (MacDonald-Phillips et al., 2021).

3.2. Time taken to see results

The epidemiology of JD combined with the absence of viable vac-
cinations or treatment and the inefficiency of test-and-cull strategies
means that it can take a long time for farmers to observe any results from
the control measures. This was found to reduce the acceptance of the
programmes and control measures amongst both farmers and vets (Khol
and Baunmgartner, 2012). Humans tend to discount future benefits,
meaning the large upfront costs of JD control and the delayed realisation
of benefits can cause farmers to view control measures as uneconomical
(Rasmussen et al., 2021). The delayed realisation of benefits also creates
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schemes, in North America, Australia or Europe, have co-authored papers with. Note: The study by Whittington et al. (2019) has been excluded from this network
map as their global systematic review included authors/studies that also focused on African, Asian and South America countries.

problems when assessing whether a programme is successful therefore
reduces the likelihood of current participants motivating new farmers to
join control schemes (Ritter et al., 2015; Nielsen and Toft, 2011). One
study found that farmer enthusiasm for Johne’s control problems waned
over the long time period and many participants left the voluntary
scheme (Barkema et al., 2018).

3.3. Lack of interest in Johne’s control

Several studies found that some farmers have no interest in Johne’s
control. It was found that farmers who have not experienced JD prob-
lems in their herd were more likely to view control measures as not
worth implementing and were therefore unlikely to engage in voluntary
programmes or adopt precautionary measures (Jordan et al., 2020;
Sorge et al., 2010b). Even some farmers who do find the disease in their
herd are unwilling to act on JD as they do not consider it a dangerous
disease (Ritter et al., 2016; Donat et al., 2022; Klopfstein et al., 2021).

3.4. Economics

The cost effectiveness of Johne’s control was found to differ from
herd to herd and under certain circumstances, farmers viewed the cost to
be too high (Kirkeby et al., 2016; Collins, 2019; Wolf et al., 2015). This
was particularly apparent in smaller herds where, when considering
returns on investment, farmers have been found to choose to not control

Johne’s at all (McAloon et al., 2019). The high costs of culling due to
decreased milk production and the cost of Johne’s testing all act as
disincentive to farmers who may not see the long-term financial benefits
(Orpin, 2017; Zoche-Golob et al., 2021; Burden, 2019; Robinson, 2020).
For some farmers, this is due to a lack of understanding of the economic
benefits of JD management and therefore they may not be making
economically rational decisions (Burden and Hall, 2021). On top of this,
farmers may be required to cull high yielding and healthy-looking cows
which they are reluctant to do (Collins, 2020).

3.5. Lack of space

One of the main recommendations in many Johne’s control schemes
and biosecurity plans is to calve infected cows in a separate area to
reduce the risk of them spreading JD to calves. Implementing separate
calving areas can be costly and impractical for farmers with 3 studies
identifying a lack of space to be the core barrier to Johne’s control
(Sorge et al., 2010b; Orpin, 2017; Collins et al., 2010). Often even
farmers who are highly engaged in Johne’s control and understand the
benefits of separate calving pens lack the space to segregate their cows
(Imada et al., 2022). Lack of space tends to be a bigger issue for smaller
herds where costs related to modifications of existing buildings or
spatial reorganisation to accommodate new calving pens are propor-
tionally higher when compared to larger farmers (Klopfstein et al.,
2021). Interesting, studies in Europe and North America cited a lack of
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Table 1
Themes identified in the literature review and the corresponding literature.
Barriers to Studies Drivers of Studies Recommendations
Johne’s Johne’s for Johne’s control
Control Control
Concerns MacDonald-Philips et al. (2021); Economics Orpin (2017);Sorge et al. (2010a); Improvements to Nielsen and Toft (2011);Klopfstein
with tests Tuberquia-Lopez et al. (2022); Nielsen (2011);Hop et al. (2011); control schemes et al. (2021);Donat and Kohler
Donat et al. (2022);International Jordan et al. (2020);Collins et al. (2016); Khol and Baunmgartner
Dairy Federation (2023); (2010);Smith et al. (2017);Robinson (2012);Donat and Kohler (2016);
Jordan et al. (2020);0llis (2011); (2020); Whittington et al. (2019) Gavey et al. (2021);Whittington et al.
Orpin (2017); Kohl and (2019);Barkema et al. (2018);
Baunmgartner, (2012);Bakker Garry (2011);Fichtelova et al. (2022);
(2013);McAloon et al. (2019);Donat Mullowney and Strain (2012)
and Kohler (2016);Herd Health Pty
Ltd (2016)
Time taken Khol and Baunmgartner (2012); Herd health Orpin (2017);Nielsen (2011); Improvements to Roche et al. (2015);Orpin (2017);
to see Barkema et al. (2018);Nielsen and Zoche-Golob et al. (2021);Hop et al. extension efforts Devitt et al. (2018);
results Toft (2011);Ritter et al. (2015); (2011);Roche et al. (2019);Ritter et al. MacDonald-Phillips et al. (2022);
Rasmussen et al. (2021);Jordan et al. (2015) Sorge et al. (2010b);McAloon et al.
(2020);Klopfstein et al. (2021) (2019), p. 57;Ritter et al. (2016);
Ritter et al. (2015);Burden and Hall
(2021);Kennedy et al. (2014);Roche
et al. (2019);Sorge et al. (2010a);
Barkema et al. (2018)
Lack of Jordan et al. (2020);Sorge et al. Better McAloon et al. (2017);Rasmussen
interest in (2010a);Donat et al. (2022);Ritter knowledge of et al. (2021);Ritter et al. (2015);
Johne’s et al. (2016);Klopfstein et al. (2021) Johne’s MacDonald-Phillips et al. (2021);
control Ritter et al. (2016);Klopfstein et al.
(2021);Barwell (2022);Mullowney
and Strain (2012)
Economics Kirkeby et al. (2016);Collins (2019); Human Robinson (2020);Roche et al. (2019);
McAloon et al. (2019);0rpin (2017); health Zoche-Golob, et al. (2021);0llis
Zoche-Golob et al. (2021);Burden (2011);Sorge et al. (2010a)
(2019);Burden and Hall (2021);
Collins (2020);Robinson (2020);Wolf
et al. (2015);McAloon et al. (2017);
Whittington et al. (2019);Wolf et al.
(2014)
Lack of Sorge et al. (2010b);Orpin (2017);
Space Collins et al. (2010);Imada et al.

(2022);Roche et al. (2019)

space as a barrier despite the latter having larger farms and less land
scarcity.

4. Drivers of the adoption of Johne’s practices
4.1. Economics

Whilst the cost effectiveness of Johne’s control was identified as a
barrier to the adoption of control measures, the economic benefits of JD
control measures were also identified as a driver of adoption. Both Orpin
(2017) and Ritter et al. (2017) found that some farmers felt that having a
Johne’s problem on farm reduced their farm margins and were therefore
keen to control it. The farmers who were most concerned by the eco-
nomic impacts of JD tended to have previously experienced the disease
on farm (Sorge et al., 2010a; Nielsen, 2011; Hop et al., 2011). In fact, it is
argued that farmers will not see Johne’s as worth addressing until they
see clinical disease that requires excessive culling on their farm (Jordan
et al., 2020). The economic benefits of Johne’s control depend on the
type of controls being recommend and the existing prevalence of the
disease within the herd (Collins et al., 2010; Smith et al., 2017; Orpin
et al., 2020).

Some Johne’s control programmes offered financial support and
rewards to participating farmers. This was generally found to drive
engagement in the programme. For example, Donat et al. (2022) argued
that the financial aid offered as part of the Thuringian Bovine Johne’s
Disease Control Program made it ‘achievable’ for farmers to control the
disease. Similarly, in the Dutch JD control programme, which has widely
been regarded as a success (Farmers Weekly, 2012), milk processors
initially covered most of the costs for producers (Jordan et al., 2020).

This made the scheme more economically attractive to farmers and
resulted in high levels of participation. This financial support has been
slowly reduced over time and now just covers the participation fee
(Jordan et al., 2020). However, evidence from the USA indicates that
whilst short term financial incentives may increase farmer participation,
once this support is reduced, participation declines rapidly (Geraghty
et al., 2014). Furthermore, in Canada, even when the programme was
fully subsidised, many producers still did not participate (Roche et al.,
2019).

4.2. Herd health

The overall health of the herd and animal welfare were viewed as
major benefits of Johne’s control by farmers (Orpin, 2017; Nielsen,
2011). In a study of German dairy farmers, improvements in animal
health were found to be one of the main motivators of participation in a
Johne’s programme, with about 40% of farmers assuming they would
see calf and herd health improvements after implementation of mea-
sures (Zoche-Golob et al., 2021). Participants in a Dutch control pro-
gramme were similarly found to be more concerned about animal
welfare and herd health than non-participants (Hop et al., 2011).

4.3. Human health

Human health and the zoonotic potential of JD was a worry for
farmers. The link between MAP and Crohns Disease in humans, although
unproven, was a concern for many who wanted to maintain consumer
confidence in their products (Roche et al., 2019; Zoche-Golob et al.,
2021; Ollis, 2011). Farmers saw the potential link between MAP and
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Crohns as an important issue for the industry and therefore wanted to act
proactively (Sorge et al., 2010a) to avoid a consumer food scare (Rob-
inson, 2020).

4.4. Increased knowledge

Farmers JD knowledge comes from both extrinsic sources, such as
scientists and vets, and their own intrinsic knowledge of diseases
(McAloon et al., 2017). Farmers with higher self-assessed knowledge of
JD were more likely to have risk assessments done and to participate in
Johne’s control programmes (Ritter et al., 2017; Ritter et al., 2016).
Rasmussen et al. (2021) similarly argued that farmers decision to adopt
JD control measures are mostly dependent on the level and quality of
information available to them. Vets are often a key source of information
for farmers and can have a positive effect on the enrolment of farmers in
Johne’s programmes (Ritter et al., 2016). Therefore, it is also important
to increase vet knowledge so they can train farmers (MacDonald-Phillips
et al., 2021).

5. Interaction between drivers and barriers

The drivers and barriers of JD control are not mutually exclusive and
certain factors will impact upon others. Some of these relationships are
discussed in the literature and are shown diagrammatically in Fig. 4.

The economics of JD acts as both a driver and barrier to imple-
menting control measures. However, how cost-effective JD control is, or
is perceived to be, will be determined by multiple factors. For example,
farmers may view JD control as uneconomical as many of the benefits
are realised far into the future (Rasmussen et al., 2021). This may be
more prominent in smaller dairy farms for whom the initial investment
is proportionately more. Therefore, the time taken to see results can
have a negative effect on the perceived economic benefit of JD control.
Continued JD testing is expensive for farmers, especially when a scheme
or programmes requires frequent tests (Donat et al., 2022; Geraghty
etal., 2014). How often farmers are required to test and whether there is
any support to cover the cost of testing will affect how economically
viable a JD control scheme is for the farmer.

Concerns over the reliability of tests can further perpetuate a lack of
interest in Johne’s control. Donat et al. (2022) found that farmers’
negative perceptions of tests made them ‘resistant’ to Johne’s control
measures despite them still making economic sense, even with the
testing limitations. Similarly, the time taken to see any results of Johne’s
control measures can create disinterest and apathy towards JD control
schemes (Khol and Baunmgartner, 2012). Finally, farmers who have no
interest in JD are likely to have less knowledge about the disease. Hop
et al. (2011) found that amongst Dutch farmers, having little interest in
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Fig. 4. Diagram showing the interactions between the drivers and barriers of
Johne’s Disease control that are discussed in the literature included in the
systematic review.
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controlling JD resulted in farmers learning less about the disease.
Interestingly, this relationship may not be reciprocal as Ritter et al.
(2016) argue that a lack of interest in JD control is not due to a lack of
knowledge, but rather negative perceptions they had towards control-
ling the disease.

The interactions discussed in this section are limited to those spe-
cifically mentioned in the literature, however there are undoubtly more
relationships and interdepencies between the drivers and barriers which
have not been explored.

5.1. Recommendations for increased uptake of Johne’s control

Many of the articles made recommendations to promote the uptake
of Johne’s control measures. These recommendations could be grouped
into two categories: improvements to control programme design and
improvements to extension.

It is recommended that schemes should seek to certify herds as low
risk as this can incentivise farmers to participate but can also reduce the
risk of buying in Johne’s cows and therefore reduce JD spread (Nielsen
and Toft, 2011). In a critique of the current approach to Johne’s control
across the EU, which is comprised of voluntary and scattered control
programmes, Khol and Baunmgartner (2012) recommend that
harmonised minimum standards should be set across the EU. They argue
that compulsory minimum standards which are low cost and easy to
implement may help keep farmers engaged in JD control, resulting in
less MAP bring spread in the environment (Khol and Baunmgartner,
2012). The potential of mandatory programmes is also discussed by
Donat and Kohler (2016) who found that mandatory control pro-
grammes were accepted by farmers in parts of Germany and that in
Thuringian, more than 70% of cattle farmers would prefer a mandatory
control programme as an alternative the current voluntary one. Finally,
Klopfstein et al. (2021) suggest that further incentives are needed to
increase the enrolment of farmers in Johne’s control schemes.

A variety of improvements to Johne’s extension efforts are recom-
mended in the literature. The role of peer learning is raised in two
studies (Roche et al., 2015; Orpin, 2017). Visiting farms who have
successfully controlled JD can help farmers learn about Johne’s control
from trusted sources and help with demonstrating that the disease is
controllable if the correct measures are put in pace. Vets are currently a
key source of Johne’s information for farmers and therefore focusing on
improvements to vet communication skills can be an important strategy
(Devitt et al., 2018; MacDonald-Phillips et al., 2022; Sorge et al.,
2010b).

Extension efforts should also take into consideration the audience
and type of farmer they are working with. Communication should be
‘tailored to the mindset of the farmer’ (McAloon et al., 2019, p.57),
which is especially crucial for vets who are in a position to assess farmer
perceptions and understand their specific issues (Ritter et al., 2016). In a
similar vein, Donat and Kohler (2016) recommend that extension stra-
tegies need to adapt to focus on the less innovative and late adopting
farmers. Some studies also recommended a general improvement of
farmer knowledge (Ritter et al., 2015; Kennedy et al., 2014). It was
argued that farmers may feel more motivated if they fully understand
the benefits of JD control measures, including on other diseases. Burden
and Hall (2021) also argue that expenses incurred by participating in
control programmes need to be justified and understood by farmers if
they are to join.

6. Farming systems

The studies included in this review cover multiple countries which
all have different dairy systems. Countries such as Canada and Australia
tend to have larger industrial dairy herds when compared to Europe.
There will also be significant variance of milk yield and herd size within
countries. How farm size affects farmer decisions to adopt Johne’s
practices is unclear from the literature. A study in Australia found that
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farm characteristics such as herd size and annual milk production had no
statistically significant effect on the adoption of JD control measures
(Burden and Hall, 2021). Whereas a study by Ritter et al. (2015) found
that in Alberta, Canada, farmers with larger herds were more likely to
participate in a Johne’s control scheme. Evidence from studies in Europe
is also inconsistent. Nielsen and Toft (2011) found that in Denmark, herd
size had no impact on the prevalence of Johne’s Disease. Instead, they
argue that the prevalence is related to farmer behaviour such as their
purchase behaviour. In contrast, Kennedy et al. (2014) found in their
study of Irish farms that larger herd sizes are more likely to engage in
hazardous practices for MAP transmission.

Whilst different drivers and factors may be more important for
certain groups of farmers, as discussed above, the overall impact of farm
and herd size on decisions to adopt JD control is unclear. It may be that
relationship between farm size is country specific, or it may be, as
Nielsen and Toft (2011) suggest that farm size and farming system is less
relevant than individual farmer behaviour.

7. Discussion

The results of this systematic review highlight that there are three
broad sets of factors which affect the adoption of Johne’s control mea-
sures and participation in Johne’s control programmes. Firstly, there are
a set of psychological factors related to farm decision-making. Secondly,
there are physical on-farm barriers that prevent Johne’s control mea-
sures being implemented. Finally, there are factors related to the science
of JD control.

7.1. Psychological factors

Farmers are not a homogenous group and therefore their attitudes,
motivations and risk perceptions will differ, resulting in staggered
practice adoption. Different extension strategies will be needed to help
different farmers navigate their journey to controlling JD on their farms.
This supports conclusions from the broad thrust of general agricultural
extension studies, which argue that multiple strategies and actors must
be involved in effective advisory provision to help farmers with varying
motivations and abilities to act (see e.g. Davis, 2019; Cofré-Bravo et al.,
2019; Hurley et al., 2022).

Farmer attitudes towards JD control were determined by various
factors. Personal experience of the disease and associated perception of
its seriousness meant that farmers who have not experienced JD on their
farm were not as aware of the risks and costs associated with JD. They
therefore maintained little interest in controlling the disease. This is also
a common occurrence with other dairy diseases (Marshall et al., 2023;
Ritter et al., 2017). The presence of cognitive dissonance can cause
farmers to question whether new livestock management practices
actually do improve the health and welfare of the animal (Kristensen
and Jakobsen, 2011). Regarding Johne’s control, farmers are often
advised to snatch calve, which involves taking the calf away from the
mother immediately after birth. Studies have shown that farmers may
have negative views of such calf management practices (Wathes et al.,
2022) and view them as bad for animal welfare. Farmers can also be
reluctant to cull healthy looking and high yielding animals (Collins,
2020). Therefore, whilst some farmers may view JD control to better the
health and of their herd and adopt the measures, other farmers may view
their existing practices to be better for the animal’s welfare. However,
all farmers will have different attitudes and opinions towards animal
welfare and herd health (Adler et al., 2019) and some will simply not
view it as a priority. The economics of JD control was also clearly a key
factor influencing attitudes, as was the length of time associated with
control programmes.

These psychological barriers to disease prevention are not unique to
Johne’s. Farmers in the USA experience similar cognitive dissonance
regarding antibiotic use. Some farmers believe that antibiotics are
important for their animals’ welfare and are resistant to reducing their
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use of them (Ruegg, 2022). Ruegg (2022) therefore recommends that the
benefits of reduced antibiotic use are communicated in terms of animal
wellbeing as opposed to human health. In a similar manner, it may be
worth considering how extension and communication strategies on JD
can focus on the human health, animal welfare and economic benefits of
control measures and how education can be tailored to meet the needs of
the farmer.

Similar to JD, bTB control programmes are often discussed in de-
cades rather than the short-term (Whittington et al., 2019). Whilst the
length of these programmes may negatively affect attitudes towards
them, bTB programmes are usually mandatory and backed by legal
frameworks. In contrast, JD schemes are usually voluntary. One of the
most successful JD control programmes has been in the Netherlands
where there is a high participation rate and a declining incidence of
disease (Farmers Weekly, 2012; Geraghty et al., 2014). The Dutch milk
processors often require their suppliers to participate in the scheme and
refuse to buy from herds with test positive cattle (Geraghty et al., 2014).
which has resulted in the high participation rate. The programme allows
farmers to be certified to indicate that they have a low prevalence of JD.
Therefore, whilst the programme is voluntary, strong informal
enforcement mechanisms exist which ensure producers comply. If JD
control is to remain voluntary, more enforcement mechanisms such as
this may need to be implemented. The need for certification and more
enforcement were both identified as important for JD control schemes in
the literature.

Enhanced knowledge through peer-to-peer learning and veterinary
involvement is also seen as a way of addressing attitudes towards animal
disease control across the wider literature and therefore can help in-
crease the adoption of Johne’s control measures (e.g Morgans et al.,
2021). Peer-to-peer learning is an established method of extension
through which farmers learn from another farmer. Through peer
learning, farmers can receive first hand verification of the impact of the
disease and its control measures from a reliable and relatable source
(Rust et al., 2022; Knoche et al., 2015). This approach to farmer edu-
cation is recommended in two articles included in the review (Roche
et al., 2015; Orpin, 2017) as it could help farmers who have not expe-
rienced JD better understand the risks and economic costs behind the
disease. However, farmers also rely heavily on information from their
vets as well as other farmers, therefore the participation and support of
veterinarians (and indeed buyers and other supply chain actors) is also
crucial if farmers are to engage in JD control programmes.

7.2. Physical barriers

A lack of space to implement JD control recommendations is a
physical barrier which many farmers face. Several studies noted that this
was the main barrier to JD control (Sorge et al., 2010b; Orpin, 2017;
Collins et al., 2010). Most Johne’s programmes recommend the segre-
gation of high-risk cows, especially when it comes to calving as cow to
calf transmission is thought to be the major route of Johne’s spread.
However, having space on farm to house these cows is challenging and
many farmers will simply not be able to do it. This may act as a disin-
centive to implement or partake in any Johne’s control measures.
Therefore, focusing JD control programmes on lower cost and low la-
bour measures and pushing for these to be adopted at scale may be more
effective. This will reduce the spread of MAP in the environment having
positive effects for all farmers. This approach was recommended by Khol
and Baunmgartner (2012) in their study, yet has been a feature of many
JD control schemes who emphasise the need for biocontainment plans
and regular testing above other more costly measures (Geraghty et al.,
2014). A lack of space on-farm is a common barrier to implementing
various dairy biosecurity measures, for example in Belgium limited
space meant farmers did not quarantine bought-in heifers for the rec-
ommended 15 days (Renault et al., 2018). Interesting, the studies which
found lack of space as a barrier to JD control spanned both European and
North American dairy systems, despite the latter often being associated
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with larger farms and less land scarcity.
7.3. Scientific factors

The barriers to the adoption of JD control measures are not just
psychological and physical but also relate to scientific knowledge.
Notably issues regarding the accuracy of tests were raised in many of the
articles included in this review. A study in 2018 found the specificity and
sensitivity of the Johne’s ELISA test to be around 99.5% and 61.8%
respectively (Meyer et al., 2018). Similar results were reported for the
environmental faecal sampling (Espejo et al., 2015). Whilst animals with
a high level of MAP/MAP anti-bodies are likely to be identified as pos-
itive, those with lower levels of MAP/MAP anti-bodies may be harder to
detect and therefore an inaccurate reading may be provided (Meyer
et al., 2018). Control schemes that use ELISA/faecal sampling have been
proven to be acceptable to farmers in certain contexts (Donat et al.,
2022; Farmers Weekly, 2012) and evidence suggests that even with the
low sensitivity of tests, these schemes have been proven to be cost
effective. Therefore, it is important that farmers understand the scien-
tific limitations of testing, but also understand that these limitations do
not undermine the benefits of Johne’s control.

8. Conclusion

There are many drivers and barriers to the adoption of Johne’s
control measures. Based on the literature reviewed in this paper, it is
challenging to identify whether some are more important than others.
Most drivers and barriers were identified in studies focused on both
Europe and North America, despite their different farming systems.
Therefore, it does not appear that certain barriers and drivers are more
prominent in specific contexts, but rather farmer behaviour and atti-
tudes are more relevant than the farming system they operate within. As
a result, future research could focus on identifying how the drivers and
barriers discussed within this review align with pre-existing models of
farmer behaviour change. It was, however, noted in several studies that
smaller herds may experience greater economic uncertainty regarding
JD investments and therefore economic barriers may be more relevant
for them. The relationship between JD testing and bTB testing may also
amplify concerns over tests in areas where bTB is still prominent, for
example in the UK.

The diversity of barriers, which are faced by farmers across different
contexts and countries highlights the importance of taking a multi-
disciplinary and participatory approach to JD control. Since the bar-
riers to JD control are mostly rooted in human behaviour, programmes
must be designed to deal with a range of farmer needs and attitudes.
Involving farmers, advisers, and supply chain actors in the design and
delivery of control programmes will help to tailor programmes for
particular communities of farmers, accounting for differing attitudes
and levels of knowledge, and creating the right mix of incentives (e.g.
carrot and stick) to encourage change. Given the long time-scale of JD
control, informal or formal enforcement mechanisms may help keep
farmers engaged in the control programmes for a longer period.
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