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The globally increasing level of antimicrobial resistance affects both human and animal

health, why it is necessary to identify ways to change our current use of antimicrobials.

The veterinary herd health collaboration between veterinarians and dairy farmers provides

a useful setting for changing antimicrobial use in livestock. However, farmers and

veterinarians work in a complex agricultural setting influenced by socio-economic

factors, which complicates their choices regarding antimicrobial usage. It is therefore

necessary to be aware of the range of potential influencing factors and to integrate

this knowledge in the relevant local settings. This manuscript presents a literature

review of relevant factors relating to antimicrobial use within the veterinary herd health

consultancy setting, including knowledge gaps of relevance for changing the use of

antimicrobials. An enriched version of the framework of the Theory of Planned Behaviour

was used to organise the literature review. We identified diverging attitudes on correct

treatment practices and perceptions of antimicrobial resistance among veterinarians and

farmers, influenced by individual risk perception as well as social norms. Furthermore,

disagreements in terms of goal setting and in the frequency of herd visits in relation to herd

health consultancy can negatively influence the collaboration and the intention to change

antimicrobial use. Farmers and veterinarians emphasise the importance of legislation and

the role of the dairy industry in changing antimicrobial use, but the relevance of specific

factors depends on the country-specific context. Overall, farmers and veterinarians must

communicate better to understand each other’s perspectives and establish common

goals within the collaboration if they are to work efficiently to reduce antimicrobial use.

Farmers and veterinarians both requested changes in individual behaviour; however,

they also called for national and structural solutions in terms of balanced legislation

and the availability of better diagnostics to facilitate a change in antimicrobial use

practices. These various paths to achieving the desired changes in antimicrobial
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use illustrate the need to bridge methodological research approaches of veterinary

science and social sciences for a better understanding of our potential to change

antimicrobial use within the dairy farm animal sector.

Keywords: antimicrobial use, antimicrobial resistance, veterinarians, farmers, veterinary herd health consultancy,

decision-making, social factors, dairy cattle

INTRODUCTION

Antimicrobial use (AMU) is important to consider as
antimicrobial resistance (AMR) is increasing globally, affecting
both human, and animal health (1, 2). Within the farm animal
sector, veterinarians are responsible for the use of antimicrobials
in collaboration with the farmer. This specific interaction should
therefore be taken into account when promoting “rational AMU,”
which here is defined as a limitation in inappropriate use, as well
as a reduction in the need for antimicrobials. This definition
has been adapted from the European Commission, which
characterises inappropriate use as “use in an untargeted manner,
at sub-therapeutic doses, repeatedly, or for inappropriate periods
of time” (3). With this in mind, the veterinary herd health
consultancy (VHHC), which frames the collaborative work
between the veterinarian and the farmer at dairy farms around
the world, comprises an interesting study case with regard
to promoting rational AMU. The majority of antimicrobials
currently used in dairy cattle are used to treat and control
mastitis [(4), p. 22–3] and pneumonia in calves [(5), p. 5–6],
and these diseases are therefore central topics in the work on
rational AMU.

Over time, veterinary tasks in dairy herds have changed
character. Previously, the focus was primarily on the treatment
and prescription of medicine, but there has more recently
been a shift towards disease prevention [(6, 7), p. 11–6].
With the introduction of epidemiology into veterinary science,
the collection and analysis of quantitative data in veterinary
practices has led to an acknowledgement that production
diseases aremultifactorial and connected with housing, nutrition,
genetics, and other diseases. The concept of herd health
management (HHM) was introduced and characterised as “an
integrated, holistic, proactive, data-based, and economically
framed approach to prevention of disease and enhancement
of performance” by LeBlanc et al. [(8), p. 1267]. The HHM
approach and research within the area have inspired practitioners
globally to introduce, advise on and apply preventive measures
related to herd-level health and production, often through data-
and knowledge-driven engagement on farms (9–11). The HHM
approach ideally implies a continuous collaboration between the
farmer and the veterinarian, as the same veterinarian will often
be affiliated with a farm over long periods of time. This close
collaboration, in combination with a focus on herd health and
production, provides a suitable setting for working explicitly
towards rational AMU. The specific HHM approach differs from
country to country (6, 10, 12, 13), but the type of VHHC in focus
in this review article is defined by a continuous collaboration
between a farmer and the same veterinarian, with regular herd
visits and a focus on herd health and production.

Research shows that the traditional focus on quantitative data
analysis and economics embedded within the HHM approach
does not motivate all farmers to change their behaviour (14–
17), and factors relating to farmers’ and veterinarians’ decision-
making processes in particular need further investigation (18,
19). Farmers and veterinarians act in a complex agricultural
context characterised by legislation on AMU, changing incomes
due to fluctuating milk prices, the physical condition of
the farm, farm and veterinary businesses aiming to make a
profit, and social norms to which farmers and veterinarians
try to adhere. All of these factors could potentially affect
the choice to use antimicrobials rationally, implying the
need to understand and take such “qualitative” factors into
consideration as a part of the VHHC when working to change
behaviour.

We argue that the choices made by farmers and/or
veterinarians either individually or in collaboration, for example
whether or not to prescribe or treat an animal, are the starting
point for working towards rational AMU in dairy cattle. Our
focus is therefore on the factors that influence behaviour
in terms of rational AMU within farmers’ and veterinarians’
collaborative framework. Possible influencing factors affecting
individual and/or collaborative AMU choices must be identified
and considered from an overall sociological perspective. The
VHHC could then not only be expanded to include quantitative
data on health, production and economics as part of a motivation
for change but it could also be broadened to take farmer- and
veterinarian-specific motivational factors into consideration.

However, not all factors are equally important to every farmer
and veterinarian. Each farmer is a unique individual, and a
personal approach should be taken within a specific-herd context
[(20), p. 3330, (16), p. 13]. Furthermore, the local agricultural
setting differs from country to country, which is why identified
factors might not all be of equal importance across all countries.
It is therefore necessary to relate every identified factor to the
country of interest, with its national context-specific barriers and
opportunities [(21), p. 160–1].

The overall objective of this study was to improve the
understanding of relevant factors for achieving rational AMU
within the collaborative context of VHHC in dairy cattle herds.
The first sub-objective was to review, summarise and discuss the
factors of relevance for VHHC and rational AMU in dairy herds.
Furthermore, the findings are discussed from a socio-economic
perspective to broaden the understanding of their meaning. The
second sub-objective was to identify knowledge gaps of relevance
for changing AMU practices within the VHHC setting, as well as
challenges and opportunities for future research.

The initial inclusion criterion for the literature search was
studies on dairy cattle and AMU (other types of medication were
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excluded). Secondly, studies had to be conducted in an intensive
production context characterised by high milk production and
relation to a global market, as we argue that there are different
AMU-related factors at play in intensive and extensive farming.
Finally, studies had to place an emphasis on the farmer–
veterinarian relationship. The review began with a systematic
literature search across seven databases, and 39 out of 122 articles
were used in this review after screening for relevance. We also
included additional articles conducted within the social science
research field to discuss and elaborate on the multifaceted area of
AMR research.

OVERVIEW OF FACTORS AFFECTING THE
INTENTION TO MOVE TOWARDS
RATIONAL ANTIMICROBIAL USE: A
SOCIO-ECOLOGICAL MODEL

Numerous factors influencing the intention to change AMUwere
identified in the literature search. We used a model developed
and previously used in the disease prevention and control
context as a structural framework to organise these factors
and to give a better overview [(22), p. 278]. Their model was
originally built upon a study by Panter-Brick et al. [(23), p.

2813] and was developed to illustrate barriers to the control of
zoonotic diseases. Controlling zoonotic diseases is complex and
unpredictable aspects must be taken into consideration, such as
future consequences that can be difficult to comprehend and
react on in the present, as is the case with AMR. The model was
chosen due to its more holistic approach, taking into account the
agricultural setting.

The model proposes that a person’s intention to perform
a certain behaviour can be explained by three factors: (1) the
person’s attitude, (2) the person’s subjective norm and (3) the
person’s perceived behavioural control [(24), p. 179–82]. The
original model builds on the Theory of Planned Behaviour, but
has been further developed here in order to take extrinsic (e.g.,
national, regional, and herd-specific) factors more directly into
account [(23), p. 2811–2]. Panter-Brick et al. (23) argued that
intention to change is not driven solely by intrinsic factors,
making the model socio-ecological and combining social and
physical aspects of the individual. In our case, the relationship
between two groups of individuals (farmers and veterinarians)
and their cooperation within VHHC in the agricultural context is
important. Therefore, we further developed the model to contain
and organise the intrinsic and extrinsic factors while allowing
for the factors to be either specific to one group or common
to both.

FIGURE 1 | Factors influencing AMU. Some factors have been identified as common to both veterinarians and farmers, whereas others are only identified for the one

or the other. The model was inspired by Ellis-Iversen et al. (22).
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The original Theory of Planned Behaviour and its focus
on individual behaviour has been criticised on a number of
occasions, especially in relation to its behaviourist foundation
[(25), p. 5–10, (26), p. 3, (27), p. 1–3]. In this context, we do
not use the model as an argument for behaviourism but as a
framework for structuring the research of different empirical
aspects and contexts where the farmer–veterinarian interaction
can influence the use of antimicrobials. The model helps us
present an overview of areas and situations that influence AMU,
both at individual and farm level, but also from a broader
societal perspective. This is in line with research within the social
sciences, where the structural dimensions related to AMU (e.g.,
social, economic, and biological factors) are investigated [(25), p.
8–10; (28), p. 2].

The intrinsic factors in the model consist of three groups:
(1) Behavioural beliefs representing a person’s attitudes,
which are often defined by core values; (2) Normative
beliefs defined by social norms and how the individual
perceives these; (3) Belief in self-efficacy, which is closely
related to a person’s trust in their own ability to carry out
the change.

The extrinsic factors also consist of three groups: (1)
Community & Industry, including influence from the
agricultural industry, and trade partners as well as the rural
community; (2) Culture & Society, including national legislation
and guidelines as well as influence from consumers; (3)
Knowledge, Skills & Ability, relating to the overall availability of
important resources, finances, knowledge, and tools for possible
change (22).

Figure 1 shows how the findings from the reviewed papers
have been embedded in the model. The identified factors appear
as headlines placed within the appropriate section of the model,
e.g., concerning either one of the groups within the intrinsic
or extrinsic factors, and relevant to either the farmer, the
veterinarian or both. For each headline, e.g., “Responsibility
placing,” several studies may have contributed findings to support
the importance of this factor. In the next section, the identified
factors and the related literature are presented according to the
structure of the model, starting with the intrinsic factors and
ending with the extrinsic factors. It is important to note that
only factors that were identified in the literature are summarised
and discussed.

INTRINSIC FACTORS AFFECTING THE
INTENTION TO MOVE TOWARDS
RATIONAL ANTIMICROBIAL USE

Research on intrinsic factors related to an individual’s attitudes,
core values, perception of social norms and belief in their own
ability to change will be presented in the following sections.

Differences in Veterinarian and Farmer
Attitudes on Antimicrobial Use
The first of the intrinsic factors are behavioural belief-based
factors, concerning personal attitudes. The first point to
be presented here, “Treatment practices” (Figure 1, intrinsic,

common factor), appeared to be an important point for both
veterinarians and farmers, with a range of attitudes on how to
approach treatment. Several studies suggest that veterinarians
and farmers both agree that sick animals need treatment [(29),
44–5, (30), p. 86, (31), p. 4, (32), p. 7], yet motives seem to
differ between the two groups. According to Speksnijder et
al. [(29), p. 44], veterinarians regard diseased animals from a
professional and ethical point of view, with treatment primarily
related to their perceived obligation as a veterinarian to ensure
animal health and welfare. For farmers, treatment appears
to be driven by a focus on animal welfare and an urge to
stop individual animal suffering [(33), p. 112–3]. However, the
threshold for treatment can change, e.g., alleviating suffering
among diseased animals can be addressed by intense follow-up
instead of immediate treatment [(34), p. 1845–7]. Both studies
identified practical farmer-specific issues related to having sick
animals: it is time-consuming and interrupts the daily routine,
and it can be economically challenging [(33), p. 114, (34), p.
1845–8]. Having sick animals is therefore a complex issue for
both farmers and veterinarians, but it complicates different
aspects for the two groups. For veterinarians, it is mostly about
ethical and professional standards, whereas for farmers, the
challenges are primarily related to practical issues and emotional
frustration.

Other perceptions about “Treatment practices” have also been
identified in the literature (Figure 1, intrinsic, common factor).
Several studies found that both veterinarians and farmers believe
that vaccination plays a key role in reducing AMU [(32), p. 11,
(31), p. 7, (35), p. 5–7, (36), p. 3232–7]. However, vaccination
was perceived as ineffective among farmers in Washington State
[(36), p. 3234]. Differences in prescribing behaviour and AMU
patterns have also been described. Misuse and illegal over-the-
border purchases of antimicrobials have been identified among
farmers [(36), p. 3233–4, (37), p. 56, (38), p. 3496, (39), p. 9–
10], and veterinarians from France, the UK and Switzerland
expressed their frustration with veterinary prescribing behaviour,
either directed at themselves or their colleagues [(40), p. 67,
(32), p. 9–12, (39), p. 8–10]. Alternative treatment methods were
perceived by farmers as being too time-consuming [(33), p. 114–
6, (34), p. 1845], and a distrust in their effect was also identified
[(33), p. 115]. The attitudes behind or reasons for some of these
treatment practices cannot always be elaborated upon due to the
study design that is traditionally used within veterinary research,
e.g., surveys and questionnaires. For example, the position on
vaccination among farmers in Washington State was identified
based on a questionnaire study (36), and this type of study rarely
provides the reason behind an answer, as would be possible in an
interview, for instance.

Looking into the social science literature from human
medicine might provide some possible explanations for the
identified treatment practices among veterinarians and farmers.
For example, Broom et al. [(41), p. 1995] found a ritualised
AMU among doctors. Specific treatments repeatedly resulting in
positive outcomes might lead to both farmers and veterinarians
believing that this treatment is more effective and therefore
preferred. For the farmer, thismight result in a request for specific
antimicrobials, which he or she perceives as most effective. This
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could cause potential conflicts between veterinarians and farmers
due to disagreements over drug preferences. Similarly, veterinary
drug choices may be ritualised.

Responsibility for the rational use of antimicrobials and
where this responsibility should be placed has also been studied
(Figure 1, intrinsic, common factor, “Responsibility placing”).
There is evidence in the literature that both farmers and
veterinarians might perform “other-blaming” behaviour when
placing responsibility for the rational use of antimicrobials.
“Other-blaming” can be understood as viewing other people
as responsible for causing an issue, while the individual’s own
behaviour is perceived as unproblematic. One study from the
UK found that frustrations among farmers and veterinarians
due to the physical framework of the livestock industry as well
as a lack of stewardship among doctors contributed to other-
blaming [(32), p. 7–12]. The same finding was reported in the
Netherlands, where the misuse of antimicrobials by doctors and
international traffic were seen as the primary causes of AMR
by some interviewed veterinarians [(29), p. 45]. Dairy farmers
interviewed in Tennessee believed that there was no connection
between AMU in agriculture and public health risks. Instead, this
risk was perceived as being linked to AMU in the human sector
[(31), p. 7]. Renunciation of responsibility by both veterinarians
and farmers can therefore act as a barrier to changing AMU.

In connection with this attitude and “Perception of AMR”
(Figure 1, intrinsic, common factor), some literature suggests
that farmers and veterinarians perceive their own AMU as an
insignificant contributor to global AMR [(30), p. 87, (29), p. 44–
5]. However, the opposite opinion was also identified [(42), p.
4, (29), p. 44, (36), p. 3235], as well as an experience-dependant
factor as more experienced veterinarians seem to be less aware
of the potential risks related to antimicrobial overuse [(43), p.
367]. A survey completed by veterinarians from New Zealand
found that younger veterinarians were more likely than older
ones to perceive AMR as a risk [(30), p. 88]. An ethnographic
study conducted at a dairy farm in the UK concluded that the
perception of AMR as a risk is related to knowledge. The study
argues that knowledge of AMR within agriculture is based to a
large extent on practical experiences in specific farm contexts.
Due to microbial culturing not being used at farm level, other
factors will often outweigh resistance as plausible explanations
for treatment failure [(44), p. 1–9]. To elaborate on the risk
perception of AMR experienced by farmers and veterinarians,
inspiration can be found in research conducted within human
medicine. Doctors must balance the acute risk of losing a patient
in need of antimicrobial treatment and the global, long-term risk
of AMR [(45), p. 828–30]. Similarly, this could be an underlying
mechanism explaining why farmers and veterinarians do not see
their own AMU as a significant contributor to AMR globally;
perhaps the acute risk of losing an animal takes priority over
the long-term perspective of AMR, thus “forcing” the farmer or
veterinarian to ignore the risk of resistance. In a similar way to the
renunciation of responsibility mentioned earlier, the perception
of own AMU as an insignificant contributor to global AMR can
lower the intention to change AMU [(44), p. 1–9].

Literature suggests that “Emotions” can shape farmers’
attitudes (Figure 1, intrinsic, farmer factor). Fischer et al. [(46),

p. 2729] found that farmers felt frustrated when they had sick
animals, and Vaarst et al. [(33), p. 113] found that “favourite
cows” could receive treatment even when the prognosis was poor.
This point about emotions was not found for veterinarians in
the literature. Research on the prescribing behaviour of doctors
identified the need to “just do something” when patients were
close to dying [(41), p. 1999]. This feeling of at least trying
to do something might be similar to the one experienced by
farmers—and is potentially also evident for veterinarians.

As illustrated by the behavioural belief-based factors identified
in the literature, farmers and veterinarians have different
opinions regarding AMU and AMR. They differ in their
understanding of AMR and the responsibility associated with
it. Working collaboratively within a VHHC situation, potential
challenges might occur due to disagreements or a lack of
understanding of other people’s perspectives. Having different
core values regarding the motives for treatment might result in
different treatment thresholds among farmers and veterinarians,
with potential differences in the decision-making process and
preferred solutions. Reasons for this have been discussed in
the literature [(7), p. 14–6], and economic models propose that
people choose to act based on the maximum expected utility.
However, this is not always the case as there is evidence that
farmers do not always decide whether to treat an animal based
on economic reasoning (17).

It has also been suggested that decision-making is affected
by the context, as well as ways of perceiving risk [(47), p.
159–99]. A difference in perception of risk among farmers and
veterinarians has been proposed [(15), p. 2–4]. Sorge et al. [(48),
p. 1497–9] suggested that this difference may be due to the
lack of knowledge among farmers affecting their risk perception,
in this case relating to Johne’s disease. In the case of AMR, it
could be that farmers do not perceive AMR as a risk due to a
lack of knowledge of local, global and future consequences. The
knowledge deficit model describes how a poor understanding
of the scientific reasoning behind any given advice is why lay
people may not follow the advice. In other words, the reason for
the difference in risk perception and decision-making between
the veterinarian (the expert) and the farmer (the lay person) is
due to the farmer’s lack of knowledge [(49), p. 112]. However,
critics of the knowledge deficit model argue that risk assessment
is complex and individual, and related to more than just a lack
of knowledge [(15), p. 3–6, (49)]. Differences in risk perception
due to a lack of knowledge is therefore not likely to be the sole
explanation for the differences in attitudes between veterinarians
and farmers. Instead, to avoid major disagreements jeopardising
the collaboration within VHHC, farmer-specific VHHC have
been proposed, where the individual farmer’s risk perception and
attitudes are explored through dialogue and taken into account
[(15), p. 3–6].

In conclusion, the behavioural belief-based factors identified
in this section highlight the importance of trying to understand
the other party’s perspectives and contextual framework, e.g.,
emotions, individual risk perception and attitudes, to avoid
major disagreements that could jeopardise the ability to change
AMU behaviour in collaborations between the farmer and the
consulting veterinarian.
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Social Norms Affecting the Veterinary Herd
Health Consultancy Relationship
Personal beliefs and attitudes contribute to a person’s actions
related to changing AMU, but these factors are also influenced by
other people. The opinions and behaviour of others can influence
and modulate a person’s response by building “social norms,”
which are created as informal guidelines for behaviour within
a group. Social norms are enforced through social sanctions,
whereby people feel uncomfortable violating norms due to
public disapproval possibly causing shame or embarrassment.
Alternatively, following social norms can result in reputational
benefit and improve one’s self-concept [(50), p. 914–25, (51), p. 3–
5]. The literature suggests that the relationship with and opinions
of other people are important to both farmers and veterinarians
in terms of how their social norms are formed over time [(52), p.
2375–9, (32), p. 8–9]. Some social associations are more relevant
to veterinarians, some are more relevant to farmers and some are
relevant to both. The identified factors related to social norms
affecting herd health management and AMU will be summarised
according to this division and discussed in the following sections.

Social Norms of the Veterinarian
“Social contacts” (Figure 1, intrinsic, common factor) is a factor
common to both farmers and veterinarians, but has a different
meaning to each group (see below). For veterinarians, colleagues’
opinions were identified as particularly important. A lack of
support from colleagues over their choice of prescription could
lead veterinarians to prescribe against their own judgement [(32),
p. 9]. Swiss veterinarians attending peer study groups emphasised
the importance of sharing their experience with their peers to
gain new knowledge, compare themselves with others and receive
new stimuli [(39), p. 12]. It can be argued that veterinarians
compare themselves with their peers and follow e.g., practice
policies and their colleagues’ prescribing choices to stay in line
with social norms.

Another point from the figure with specific relevance to the
social norms of the veterinarian is “Pressure from surroundings”
(Figure 1, intrinsic, veterinarian factor). One aspect of this
will be described here, the other in section Social Norms of
the Farmer-Veterinarian Interaction as it concerns the farmer–
veterinarian relationship directly. As is apparent from the
literature, colleagues’ opinions are not always perceived positively
but rather as a pressure to prescribe in a specific way. A
practice policy for AMU was found to be an important factor
for prescribing among veterinarians in New Zealand, next after
their own training and costs/benefits for the farmer [(30), p. 88].
This may imply that veterinarians do not want to go against
or question an existing practice policy in some situations, so
they choose to prescribe according to the policy and perhaps
against their own judgement. A certain “prescribing etiquette”
has been identified within human medicine, i.e., a set of cultural
rules defining AMU. These rules are derived from a hospital
culture where the autonomous and experience-based prescribing
behaviour of senior doctors affects junior doctors. Furthermore,
a culture of “non-interference” in colleagues’ prescribing choices
also exists [(53), p. 190–4]. Another study within human
medicine identified certain “rules of the game” for AMU at

hospitals. These rules arise due to the prescribing norms and
working conditions at hospitals [(54), p. 83–7]. A prescribing
etiquette and cultural rules for AMU might also apply to
veterinarians. Despite veterinarians workingmore independently
compared with doctors in a hospital setting, AMU choices
might still be influenced by colleagues’ opinions, as evident from
the literature.

Social Norms of the Farmer
In relation to farmers, “Social contacts” (Figure 1, intrinsic,
common factor) including opinions from a perceived positive
reference group—namely other farmers—were identified as
important [(52), p. 2375–9]. The concept of being “a good
farmer” was introduced in connection with this, meaning the
importance of living up to other farmers’ perceptions of “good
farming” (46, 52). The role of being “a good farmer” encompasses
multiple social norms, each of them dictating appropriate
behaviour [(55), p. 207–10, (56)]. As identified in the literature,
being “a good farmer” can imply achieving high production levels
[(46), p. 2729] as well as using extended therapy for mastitis, i.e.,
treating for more days than recommended by the veterinarian
to achieve the best possible treatment outcomes [(52), p. 2374].
Several studies have illustrated that “the good farmer” can have
multiple meanings according to the local “rules of the game”
[(56, 57), 589–99].

A local understanding of “the good farmer” could be
established through communication with other farmers and
through opinions from trusted sources, e.g., the veterinarian
[(52), p. 2376–7]. In relation to this, it seems relevant to
present the concept of “roadside farming.” According to Burton
[(55), p. 201–6], “Roadside farming” is characterised by the
exchange of social information by farmers. This happens either
by presenting their own farm as well as possible by the roadside
or by evaluating other farms. Therefore, a local understanding of
“the good farmer” might also be established through non-verbal
communication, e.g., through “roadside farming.” In conclusion,
it is important for farmers to live up to their social contacts’
perception of “good farming.” The social norms related to
this concept are created through communication (both verbal
and non-verbal) with the outside world, and farmers probably
choose to live up to the social norms due to an expected
reputational benefit.

A second point specific to farmers is “Considerations”
(Figure 1, intrinsic, farmer factor). The literature suggests that
farmers perceive expectations from the dairy industry regarding
rational AMU positively and as something they want to
live up to [(58), p. 34–7] [(59), p. 477]. From a normative
perspective, this could be explained as an aspect of being “a good
farmer.” Furthermore, farmers might be motivated to live up to
expectations from the dairy industry if they expect to achieve a
reputational benefit from doing so.

Social Norms of the Farmer–Veterinarian Interaction
One of the factors related to the farmer–veterinarian relationship
is actually specific to veterinarians, but also directly relevant to
the interaction between the two (Figure 1, intrinsic, veterinarian
factor, “Pressure from surroundings”). The aspect related to
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colleagues has been described in section Social Norms of
the Veterinarian, but the aspect related to the farmer will
be described here. The literature suggests that veterinarians
experience pressure from their clients, and one of the reasons
behind this has been identified as an actual or perceived client
demand for antimicrobials [(60), p. 2, (29), p. 44, (43), p. 367,
(61), p. 82–3, (42), p. 4]. Another reason for this pressure
to prescribe antimicrobials is due to economic considerations
for the farmers. Some broad-spectrum antimicrobials are
economically attractive to farmers due to the short withdrawal
periods, resulting in veterinarians experiencing pressure to
prescribe in a less responsible manner—for example the cheapest
treatment solution instead of themost suitable product [(32), p. 8,
(30), p. 86–7]. Social norms might also explain why veterinarians
feel a pressure to prescribe; they may experience social sanctions
(e.g., a bad reputation) from the farmer if they refuse to prescribe
cheap broad-spectrum antimicrobials. Research within human
medicine has shown that local norms for prescribing practices
and interpersonal pressure from patients and their relatives,
together with the risk of patients relapsing when not treated,
influenced AMU at hospitals [(45), p. s. 830–4]. Similar social
and cultural influences might be at play in the veterinarian–
farmer collaboration, perhaps encouraging the veterinarian to
prescribe out of consideration for the continued relationship with
the farmer, the risk for the animal or an urge to comply with social
norms. There seems to be a disparity between what veterinarians
and farmers perceive as the “correct” choice of antimicrobials and
the parameters that this choice should be based on. This disparity
could cause complications in the VHHC collaboration, and a
mutual understanding should therefore be sought and choices
related to AMU should preferably be based on scientifically valid
general or local evidence (62).

“Scientific knowledge” has been identified as an important
guide of both veterinarians’ and farmers’ behaviour (Figure 1,
intrinsic, common factor). However, there is a difference in the
perception of “scientific knowledge”: farmers primarily view the
veterinarian as a representative of scientific knowledge [(63), p.
147], whereas published literature from veterinary experts is the
epitome of “scientific knowledge” for veterinarians themselves
[(64), p. 3, (42), p. 4–5, (37), p. 60]. This difference in perception
could also affect the veterinarian–farmer collaboration in
relation to HHM. Farmers might not appreciate veterinary
recommendations based on published literature, as they may
find the advice incompatible with the reality on their farm and
expect the veterinarian to adjust the advice accordingly [(7),
p. 15].

Regarding the “Type of relationship” between the veterinarian
and the farmer within a VHHC setting (Figure 1, intrinsic,
common factor), the literature suggests that both groups agree
on the importance of a good collaboration when working with
AMR [(32), p. 11]. A stable school project in Denmark showed
that a mutual trust and openness among the participants had a
significant influence on the results obtained [(65), p. 2548–50]. A
study from the UK also highlighted the importance of established
trust between the veterinarian and the farmer in terms of the
veterinarian knowing the actual AMU on the farm [(37), p. 58]. A
lack of commitment or understanding of the individual farmer’s

way of farming (e.g., organic farming) was found to negatively
influence the relationship from the farmer’s perspective [(33), p.
113–4, (66), p. 19–20]. Conversely, veterinarians in France felt
that they were stuck in a role as “firefighters” at organic farms and
faced difficulties changing this role due to a lack of regular farm
visits and farmers’ lack of appreciation for advisory services [(67),
p. 12–8]. Furthermore, some Flemish veterinarians believed that
the farmers’ mentality when it came to using antimicrobials led
to high AMU, thus discouraging the collaborative effort [(42),
p. 2–3]. The influence of farmers’ mentality, behaviour, age and
knowledge on veterinary prescribing behaviour was mentioned
by Swiss veterinarians [(39), p. 8–9]. Furthermore, veterinarians
emphasise the importance of regular visits to work preventively
to tackle disease instead of focusing on treatments [(35), p. 3–4,
(29), p. 42].

The perceived importance of the mutual relationship between
both veterinarians and farmersmight be explained by the concept
of trust [(12), p. 89]. Möllering [(68), p. 4] gave definitions of trust
in the following statement: “Trust can be defined, first of all, as a
state of favourable expectation regarding other people’s actions
and intentions. As such it is seen as the basis for individual
risk-taking behaviour, co-operation, reduced social complexity,
order, social capital, and so on.” Reduced social complexity
implies that social interactions can proceed without the constant
evaluation of potential actions by those involved [(69), p. 5–
35]. By establishing trust within the relationship, veterinarians
and farmers can reduce the complexity of their social interaction
and need not discuss or evaluate every single outcome of a
certain decision.

According to Luhmann [(69), p. 21–6], we are more trusting
of a familiar person than a stranger, and establishing a
relationship takes time, whichmay explain why some interviewed
veterinarians from Ireland and the Netherlands emphasised the
importance of regular herd visits. Luhmann [(69), p. 21–6] also
mentions how trust is less likely to be broken within a persistent
relationship, such as the relationship between a veterinarian and
a farmer, who will most likely have to continue their collaboration
over an undefined period of time. When farmers experience a
lack of understanding and commitment from their veterinarian,
they may also experience a lack of trust. According to Luhmann
[(69), p. 21–6], no one wants to take too many risks when initially
building up trust within a relationship. This could explain
the farmers’ mentality negatively affecting the collaboration, as
experienced by the Flemish veterinarians surveyed. Another
example of these mechanisms can be found in a social science
study concerned with VHHC from European countries and the
USA, which identified a tendency for veterinarians to prefer
farms with intensive farming due to the regular visits and the
potential to build up a close relationship with the farmer. In
contrast, relationships with farmers from extensive farms were
more distant as they had diverging views on the need for
consultancy and less regular herd visits, possibly implying a
relationship built on less trust, commitment and understanding
[(7), p. 15].

In conclusion, both farmers and veterinarians care about
other’s opinions and these can influence their own opinions and
behaviour. Within collaborations such as a VHHC agreement,
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both parties should be aware of the influence they have on each
other. A better understanding of each other’s perspectives, wishes
and drivers can result in a more purposeful VHHC towards a
local and practical rational AMU. In relation to this, building
a mutual relationship through dialogue based on trust could
reduce social complexity. A theoretical understanding of the
mechanisms behind social norms and their impact on individual
behaviour is also of importance.

Social Norms Shaping Attitudes and Behaviour
Some of the factors placed within the behavioural belief-based
factors might also be explained by social norms. Different
treatment practices might be a result of social norms developed
within the local society of the farmer and the veterinary clinic.
The concept of being “a good veterinarian” might be equally as
relevant as “the good farmer,” and also shaped by social norms.
For example, social norms might explain why veterinarians see it
as their duty to alleviate the suffering of animals, since years of
education have taught them to do so. It has been proposed that
norms are based on beliefs about facts. If new knowledge emerges
and changes what is understood as correct, new norms might
be created. However, these changes are often delayed due to
the difficulties people face when changing norms and admitting
the mistakes of former beliefs [(50), p. 931]. The pressure to
prescribe experienced by veterinarians might be complicated
further due to a potential delay when changing norms that leads
to a disparity in beliefs and knowledge on rational AMU among
both veterinarians and farmers.

For farmers, the misuse of antimicrobials identified by
Raymond et al. [(36), p. 3233–4] and Buller et al. [(37), p. 56]
in the previous section on behavioural belief-based factors can
also be discussed from a social norm perspective. It has been
proposed that some people simply like to violate social norms,
also known as “flouting convention,” which could explain the
misuse of antimicrobials by farmers. Another perspective on the
misuse of antimicrobials might be a disapproval of norms due
to reflective judgement [(50), p. 918]. The surveyed farmers in
the study by Raymond et al. (36) might be dissatisfied with
the legislation related to AMU and want to contribute to a
new way of thinking and new social norms. In connection with
this, the theory of psychological reactance might also offer an
explanation about the farmers’ behaviour. If a person’s perceived
free behaviour is restrained, for example if a farmer is forced to
use certain antimicrobials and these must always be prescribed
by a veterinarian due to legislation, they may feel motivated to
regain their freedom and use the antimicrobials illegally, ignoring
the social influence from others (70). It is possible that similar
tendencies could be identified for veterinarians, e.g., a delayed
response to regulations on the use of critical antimicrobials,
we have, however, not found published literature describing
such behaviour.

Summarising normative belief-based factors underlines the
influence of social norms in the everyday work of veterinarians
and farmers—both individually and in their collaboration. In
addition, awareness of how social norms can influence and
explain attitudes and decisions may help to improve mutual
understanding within a VHHC setting.

Using the Positive Feedback Loop of
Self-Efficacy
This section concerns the third of the intrinsic factors, the
belief in self-efficacy-based factors. Belief in self-efficacy is a
person’s trust in their own ability to do something. Without
this trust in oneself, it can be difficult to change behaviour.
“Experience” seems to be an important aspect in achieving self-
efficacy for both farmers and veterinarians (Figure 1, intrinsic,
common factor). The literature suggests that for veterinarians,
a lack of work experience can affect their trust in their own
decisions [(43), p. 367]. Personal experience with specific drugs
or treatments also affects veterinarians’ decisions [(42), p. 4, (60),
p. 2, (30), p. 86, (38), p. 3497–8, (39), p. 11]. Similarly, personal
experience also guides the drug choices doctors make at hospitals,
where the clinical situation determines the use of antimicrobials
independent of formal policy recommendations [(53), p. 193].
The literature suggests similar aspects among farmers, and
several studies have identified a large amount of trust in their own
treatment experiences [(71), p. 371–2]—sometimes they will trust
this even more than the veterinarian’s advice [(31), p. 6, (33), p.
113–4, (34), p. 1848–9, (65), p. 2549, (30), p. 86]. Some studies
have identified the use of antimicrobials without any input from
the veterinarian, which perhaps implies the same thing [(58), p.
33–4, (63), p. 144]. The opposite situation where the veterinarian
works as a trusted source of information for the farmer and
possibly contributes to an improved belief in self-efficacy has
also been identified, as previously mentioned [(30), p. 86, (46),
p. 2732] (Figure 1, intrinsic, farmer factor, “Support”).

Besides experience, “Fear” also affects the self-efficacy of both
farmers and veterinarians (Figure 1, intrinsic, common factor).
The fear of a negative implication on animal welfare if AMU
is reduced further was identified for both groups [(37), p. 55–
6, (42), p. 4, (32), p. 7, (58), p. 34]. Some farmers also feared a
decline in production, as identified in the survey by Jones et al.
[(58), p. 34] and the interview study by Golding et al. [(32), p. 7],
as well as economic losses in general. Furthermore, the literature
suggests that some farmers are scared to change or halt their
AMU due to the risk of relapse in their animals [(40), p. 64, (52),
p. 2373], indicating that emotions act as a barrier.

Fischer et al. [(46), p. 2731] identified a lack of ability among
farm workers to identify sick animals (Figure 1, intrinsic, farmer
factor, “Abilities”). The study also identified a sense of apathy
among farmers due to external factors present on their farm, e.g.,
time and economic constraints, sometimes making it difficult to
deal with sick animals. A lack of ability and an apathetic attitude
can further affect the self-efficacy of farmers.

There is uncertainty surrounding “Motivation” (Figure 1,
intrinsic, common factor) for both farmers and veterinarians
and how this affects their belief in self-efficacy. For example,
the reason for farmers from the UK not wanting to change
AMU on their farms after participating in workshops with
a focus on the same is unknown [(59), p. 480–3]. However,
as identified in a stable school project in Denmark, sharing
good examples or solutions increased the motivation for change
among farmers, probably because changing one’s own practices
seems more achievable when others have succeeded in making
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similar changes [(65), p. 2549]. The importance of seeing a
positive effect of measures taken to improve AMU was identified
among farmers. Seeing the results of successfully implemented
measures increases the motivation to continue, possibly due to a
higher level of trust in self-efficacy [(34), p. 1844]. The literature
suggests that veterinarians’ motivation is influenced by their
clients’ motivation [(43), p. 368–71, (32), p. 8], e.g., in a positive
feedback. Again, there is an element of uncertainty involved—
could a lack of motivation for veterinarians be due to a lack of
belief in their own ability to affect the farmers’ motivation?

According to Bandura [(72), p. 27–32], self-efficacy is an
individual’s belief that their effort will produce desired effects,
affecting their motivation to act. If people truly believe that
they have the ability to change something, they are more likely
to try to do so. Bandura also highlights the effect of fulfilling
valued goals, which results in self-satisfaction and increased
motivation. This might explain why farmers’ and veterinarians’
motivation can be driven by a belief in self-efficacy via positive
feedback. The identified fears of a negative impact on animal
welfare and a decline in production might be connected to
doubts about their ability to act according to their own core
values within a restricted AMU setting. By being aware of the
different barriers or opportunities for improving an individual’s
self-efficacy, veterinarians and farmers can better assist each
other in increasing the motivation to act.

The following section will describe extrinsic factors that may
have an effect on the intention to move towards a more rational
AMU, as well as hinder or promote its implementation.

EXTRINSIC FACTORS AFFECTING THE
INTENTION TO MOVE TOWARDS
RATIONAL ANTIMICROBIAL USE

Extrinsic factors relating to the external framework surrounding
the farmer and the veterinarian will be presented in the following
sections. The extrinsic factors include three groups: Community
& Industry; Culture & Society; Knowledge, Skills & Ability.

Agricultural Industry and Community
Influencing Antimicrobial Use on Farms
Literature suggests that the rural industry (Figure 1, extrinsic,
common factor, “Role of industry”) plays an important role
in the development of improved AMU for both farmers and
veterinarians [(35), p. 3–4, (73), p. 7–8, (74), p. 6, (37), p.
60–1, (46), p. 2732–3]. According to Golding et al. [(32), p.
10], interviewed farmers expressed a need for the industries
and the government to lead the development by supporting
research, providing specific guidelines and ensuring better prices
for farmers’ products. However, which partner should take
responsibility differs depending on the respondent, with retailers,
food companies, national, and international authorities, farm
associations, the dairy industry and veterinary organisations
all being mentioned [(35), p. 3–4, (32), p. 10, (73), p. 7–8,
(37), p. 60–1].

The “Medicine industry” (Figure 1, extrinsic, common factor)
represents an important factor in the agriculture industry, and

the literature suggests that both farmers and veterinarians are
concerned about it in terms of changing AMU. However, ease of
administration has primarily been identified as a consideration
for veterinarians, whereas farmers are more focused on the price
of medicines. For example, surveys completed by veterinarians
from Ireland, the Netherlands, Flanders and other European
countries indicated that veterinarians consider the ease of
administration for both themselves and the farmer when
choosing an antimicrobial drug [(64), p. 3, (60), p. 2–3, (42), p.
4], while farmers complain about medicine prices and choose
antimicrobial drugs based on withdrawal times [(40), p. 65,
(58), p. 33–4, (31), p. 5–6]. In addition, some veterinarians
from France requested more knowledge regarding alternative
medicines [(40), p. 67], and farmers in a focus group study
suggested improved labelling of drugs so that correct dosages,
withdrawal times and the appropriate disease indication would
appear clearly on the original label [(31), p. 9].

Another aspect of the rural community that both veterinarians
and farmers believe influences their intention to change AMU
is the “Advisory services” (Figure 1, extrinsic, common factor),
which we will discuss in the context of HHM contracts between
the two groups. The literature suggests that veterinarians focus
on retaining clients, e.g., to ensure income [(29), p. 42, (39), p.
11]. Some veterinarians in the UK do so by making adjustments
according to the farmer’s economic situation or by compromising
their own opinions to avoid conflicts and thereby maintaining
client relationships [(32), p. 8–9]. Ohio veterinarians emphasised
the importance of advisory services to reduce the need for
antimicrobials [(38), p. 3497]. From the farmers’ perspective,
some have expressed their frustration regarding prices for
veterinary assistance and advice [(33), p. 113–4, (36), p. 3237,
(31), p. 6, (32), p. 9]. Other farmers believed consultancy was
of limited benefit due to different goal setting or perspectives
between themselves and the veterinarian [(33), p. 113–4, (65), p.
2549, (34), p. 1848, (67), p. 12–8, (66), p. 19–20]. Some farmers
requested more frequent herd health consultancy from their
veterinarian [(33), p. 113], and a survey from theUK identified an
association between a positive opinion of herd health plans and a
high level of knowledge of AMR among farmers [(75), p. 6].

As indicated by the summarised factors of importance relating
to “Community & Industry,” veterinarians and farmers are
concerned with the same issues, e.g., the role of industry, the
medicine industry and veterinary advisory services. However,
their perspectives are not always aligned. The collaboration
within VHHC can be complicated due to different interests,
e.g., intervals between visits. Communication is needed to align
expectations for the collaboration and to avoid veterinarians
compromising to retain clients. Furthermore, communication
could also result in a mutual understanding of what is important
to each group, e.g., medicines that are cheaper or easier
to administer, or industry- or government-led initiatives to
reduce AMR. Not all of these needs should or could be
fulfilled within the VHHC collaboration, but working towards a
mutual understanding and establishing a common goal within
the collaboration could create a sense of unity, which could
subsequently promote positive feelings towards the collaboration
in general.
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The identified factors relating to the role of the industry, the
medicine industry and advisory services will vary from country
to country. It is relevant to consider different factors depending
on the country’s history regarding the introduction, development
and role of advisory services, the medicinal products available on
the national market and the usual role played by the industry.
Therefore, the factors must be carefully considered in relation to
the context in question.

Legislation, Consumers, and Culture
Influencing Antimicrobial Use on Farms
In terms of “Culture & Society”–based factors, “Legislation” is an
important factor for both farmers and veterinarians (Figure 1,
extrinsic, common factor). In line with the role of the industry
mentioned in the previous section, government initiatives to
enforce rational AMU are called for in the international
literature. Experts consulted in a study by Carmo et al. [(74),
p. 6] agreed that mandatory interventions have a high potential
to reduce AMU. Several studies have identified a need for more
legislation in the area of AMU [(35), p. 3, (40), p. 69, (46), p.
2732–3, (39), p. 10, (29), p. 44–5, (42), p. 6], but the opposite
opinion was also identified in the literature [(63), p. 144–5, (42),
p. 6]. Interviewed farmers from the UK expressed concerns about
the administrative work and “tick-box” conformity following
legislative initiatives [(37), p. 61]. In addition, some of the
interviewed farmers felt that legislative restrictions on AMU
challenged their economic situation and disrupted their business
[(32), p. 9–10]. Swiss farmers and veterinarians stated that no
penalty should be given to farmers with high AMU [(73), p.
7]. The different attitudes towards legislation and the role of
the government might depend on the country in which the
study was conducted. As illustrated by Postma et al. (42),
the surveyed veterinarians from the Netherlands and Flanders
had differing opinions on governmental restrictions on AMU.
This might be due to the different legislative history of the
two countries. At the time of the study, the Netherlands had
already experienced legislative restrictions on their AMU and
had managed to reduce their AMU without compromising
animal welfare, resulting in a more positive attitude towards
governmental restrictions. In contrast, Flanders had not yet
gone through these changes, possibly explaining their more
sceptical attitude towards the possibility of reducing their AMU.
A similar tendency was found in the study by Swinkels et
al. (52), who found that the interviewed dairy farmers from
Germany and the Netherlands also had different opinions on
governmental restrictions depending on their country’s history
and their production structure.

Two farmer-specific points were identified in the literature,
namely “Consumers” and “Media and society” (Figure 1,
extrinsic, farmer factor). Farmers perceive society as a negative
reference group due to a lack of support and understanding of
the dairy production process. Interviewed farmers from Sweden,
Germany and the Netherlands expressed their frustrations about
society due to a simplified and judgemental view of AMU in
livestock production and a lack of appreciation of their work in
food production in general [(52), p. 2377–8, (46), p. 2732–3].

The media is not perceived as a trusted source of information
regarding AMR, and some farmers felt that it assisted in creating
a skewed view of agriculture [(32), p. 7, (46), p. 2732–3]. Swedish
farmers were also frustrated with the double standards among
consumers regarding animal health and environmental issues
[(46), p. 2732], and some farmers from Tennessee mentioned a
lack of knowledge among consumers, causingmisunderstandings
about milk marketing [(31), p. 7–9]. However, farmers from
the UK also acknowledged the potential for consumers to
drive an improvement in AMU by demanding certain product
standards [(32), p. 9–10]. To our knowledge, concerns regarding
consumers, media and society have not been identified for
veterinarians within the literature. This might be due to the
less direct effect on their profession, as opposed to the livestock
industry, which instantly feels the economic consequences of a
downturn in demand.

Within “Culture & Society,” different treatment cultures
were also identified in the literature (Figure 1, extrinsic,
common factor). The factor “Treatment culture” is defined
as treatment options that have been shaped by the respective
country. This is exemplified by the questionnaire study by
Espetvedt et al. [(61), p. 86], where Norwegian, Swedish,
Finnish and Danish veterinarians were asked about their
treatment thresholds for mild clinical mastitis. Differences in
treatment thresholds across the four countries were identified
and reasons behind this hypothesised, e.g., due to differences
in pathogens, herd size and farming systems, distance between
herds and country geography in general, as well as differences
in penalties, herd health programmes and legislation. Treatment
culture is not only valid for veterinarians, farmers too
are affected by the situation in their specific country. For
example, surveyed farmers from Tennessee requested treatment
protocols to guide their AMU [(31), p. 10]. Farmers from
other areas of the USA also stated a need for protocols,
but few actually used them [(36), p. 3231, (71), p. 373].
The lack of treatment protocols or a reluctance to follow
them as a part of farming culture could lead to unnecessary
use of antimicrobials, thereby creating a country-specific
treatment culture.

Looking into the VHHC collaboration, communication
between the veterinarian and the farmer is important for
achieving a mutual understanding of things that are perceived
as important by each side, as seen with the “Community &
Industry”–based factors. In terms of “Culture & Society”–based
factors, this includes attitudes towards legislative restrictions
and—specifically for the farmers—how consumers, media and
society are perceived. Again, a mutual understanding and a
common goal could create a sense of unity, which could
give rise to a positive attitude towards the collaboration
in general.

When comparing different countries in relation to AMU and
factors of importance for changing AMU, it is important to be
aware of the agricultural framework of the countries of interest.
As previously stated in this section, treatment cultures seem to
be dependent on the country in question, as well as legislation
and the role of consumers and society in general. Therefore, it is
important to contextualise for national conditions.
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Availability of Resources Influencing
Antimicrobial Use on Farms
This section concerns the last of the extrinsic factors, the
“Knowledge, Skills & Ability”–based factors. According to
the literature, veterinarians and farmers agree on the overall
importance of “Knowledge,” “Economics,” “Information and
communication,” “Physical framework” and “Diagnostics” when
addressing the resources available to support a change in AMU.

In terms of “Knowledge” (Figure 1, extrinsic, common factor),
both groups are focused on further education as a key factor
in changing AMU [(35), p. 4–5, (74), p. 3–11, (38), p. 3496–7,
(64), p. 5, (60), p. 4, (31), p. 7–11, (71), p. 373, (63), p. 144–
7]. Several studies have identified a lack of knowledge of AMR
among farmers [(31), p. 7, (37), p. 50–2, (75), p. 6, (40), p. 67,
(44), p. 1–9], and younger veterinarians have been identified
as being more knowledgeable about AMR compared with their
older colleagues [(38), p. 3497]. Furthermore, veterinarians focus
on the need for research on AMR [(64), p. 5–6, (35), p. 6].

Besides a lack of knowledge, the economic situation
of the veterinary practice can influence the intention to
change AMU for veterinarians (Figure 1, extrinsic, common
factor, “Economics”), but this depends on the country-specific
legislation and economic structure relevant to the veterinary
practice. Veterinarians across all Nordic countries are only
allowed to profit marginally from the sale of antimicrobials (61).
If a larger proportion of veterinary income could be derived
from the sale of antimicrobials, this may lead to more frequent
prescribing [(60), p. 2–4]. There was an association between
years of work experience and an expressed need to retain the
right to sell and earn money on antimicrobials among Dutch
veterinarians [(43), p. 367]. However, in another Dutch study,
interviewed veterinarians declared that pharmacy incomes did
not drive antimicrobial prescription [(29), p. 45]. In France, the
veterinary profession has been accused of contributing to the
increasing AMR due to their professional conflict of interest
as medicine sales make up a large proportion of their income.
This led to them redefining the veterinary position in the public
debate on AMR [(76), p. 3–7]. Another aspect of “Economics”
is the farmer’s economic situation, which is often regarded as a
limitation to changing AMU by both veterinarians and farmers
[(32), p. 8, (71), p. 373, (35), p. 3, (46), p. 2731, (43), p. 368–71,
(29), (42), p. 2].

In line with the economic situation, the “Physical framework”
of the farm often challenges change (Figure 1, extrinsic, common
factor). The importance of good management [(31), p. 7, (34),
p. 1844–8, (59), p. 481–2, (37), p. 57], climate and housing
conditions [(43), p. 370, (42), p. 2–3, (32), p. 11], quality of
feed [(43), p. 368, (42), p. 3] and biosecurity [(35), p. 5, (36),
p. 3234, (42), p. 2–3, (74), p. 6–7] are all emphasised by both
farmers and veterinarians. An ethnographic study conducted in
East Africa concluded that antimicrobials often became a “quick
fix” for a lack of hygiene among citizens [(28), p. 3–4]. A similar
tendency for antimicrobial misuse could be a consequence of
poor hygiene at dairy farms. The literature suggests an apathetic
attitude among farmers and veterinarians towards the physical
framework at farms and the challenges this causes. This could

imply a shifting focus from changing individual behaviour to an
institutional focus as a prerequisite for change. Instead of farmers
taking responsibility by renovating and improving their farm
facilities and management, conditions for farming in general
could be improved at a national level. Continuing to describe the
factor “Physical framework,” time constraints faced by farmers
could challenge changes in AMU for both the farmers themselves
and their affiliated veterinarian [(43), p. 368, (32), p. 9, (71), p.
373, (46), p. 2731, (40), p. 64]. Furthermore, some veterinarians
agree on the importance of reliable and accurate farm data on
AMU and herd performance in evaluating farm-specific AMU
and identifying areas for improvement [(29), p. 42, (35), p. 4, (74),
p. 11]; however, we did not identify the same focus from farmers
within the included literature.

Literature suggests a mutual focus on the importance
of communication skills when addressing AMU and AMR
(Figure 1, extrinsic, common factor, “Information and
communication”). A lack of communication skills [(32), p.
14] and communication on the topic in general was highlighted
by both veterinarians and farmers [(71), p. 370, (60), p. 4, (38),
p. 3496]. Relevant stakeholders in Ireland have requested more
information on AMR and for this to be communicated in an
effective way [(35), p. 5].

Lastly, “Diagnostics” (Figure 1, extrinsic, common factor),
including availability, prices and usefulness, leads to frustrations
among both veterinarians and farmers. Interviewed farmers from
New Zealand were not convinced of the usefulness of bacterial
culture since their veterinarian’s prescriptions were not affected
by the results [(30), p. 86]. Several studies identified limitations in
the diagnostics available, e.g., due to costs, sampling difficulties,
the time required, the variable and multiple pathogenic results,
and the veterinarians’ own experience conflicting with the results
[(29), p. 43, (64), p. 3, (32), p. 8, (74), p. 4, (44), p. 6]. However,
the literature suggests that both veterinarians and farmers agree
that valid diagnostics are important and should be implemented
further [(35), p. 4–5, (31), p. 9, (36), p. 3236, (64), p. 4, (32), p. 8,
(74), p. 8–9].

Several “Knowledge, Skills & Ability”–based factors are
therefore important when looking at the resources required
to assist a change in AMU according to veterinarians and
farmers, and both groups seem to be concerned about the
same factors. However, communication remains important as
the individual farmer or veterinarian might have different
needs [(77), p. 1303–4]. One could imagine a newly educated
veterinarian being employed as the herd consultant at a farm
with no history of using diagnostics in mastitis treatment.
In this case, the veterinarian might not need knowledge of
AMR. However, the veterinarian might perceive that the farmer
lacks knowledge about both mastitis diagnostics and AMR.
Only through communication and by striving to understand
each other’s perspectives can they agree on a plan that both
parties accept.

As with the other identified factors, not all the “Knowledge,
Skills & Ability”–based factors are of equal relevance across
all countries. It is possible to imagine that there are different
traditions in the use of diagnostics, physical frameworks of
farming and the level of knowledge about AMR across different
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countries. Therefore, it is important to contextualise according to
national conditions.

CHANGES IN ANTIMICROBIAL USE FROM
INDIVIDUAL VS. SOCIETAL
PERSPECTIVES AND FUTURE
PROSPECTS

This review of relevant factors in the journey towards rational
AMU in dairy cattle herds within a VHHC setting has shown
that veterinarians and farmers emphasise more national-oriented
solutions as well as those related to the local collaboration.
Examples include the request for support from the dairy industry
and sector organisations, as well as a revised VHHC framework.
In addition, there was a call for balanced legislation on AMU that
will not compromise animal welfare or herd finances, and a new
discourse on AMU in media and among consumers. These are
all examples of areas in which national or structural solutions are
demanded by farmers and/or veterinarians.

As mentioned in the introduction to the methodology used in
this article (sectionOverview of Factors Affecting the Intention to
Move Towards Rational Antimicrobial Use: A Socio-Ecological
Model), the focus on individual behavioural change as a way to
reduce AMU, as embedded in the Theory of Planned Behaviour,
has been criticised. Instead, there is an emphasis on the need to
understand the structural dimensions related to AMU. However,
the literature on which this review is based has illustrated that
farmers and veterinarians call for both approaches. Due to the
type of research, e.g., interview studies that take the individual
farmer or veterinarian and their perspectives as a starting point,
much of the included literature tends to focus on conclusions at
the individual level. These individual solutions will be relevant
in an everyday situation, as well as being the continual focus
of the local VHHC. However, the factors mentioned by farmers
and veterinarians in the included literature, which lie beyond
the framework for individual action and in their opinion call
for national and international solutions, underlines the need to
elaborate the farmer–veterinarian collaboration and include and
understand the relevant context. To study these elements, there
is a need for a change in research methodology.

Researchers within the field of social sciences have used other
methodological approaches to understand the field or the context
surrounding AMU. They often take a societal starting point as
opposed to an individual one by mapping e.g., the discourse (25),
actors and stakeholders (76), social and biological processes (78),
infrastructure (28) and networks (54) relevant to AMU.

The approach in this article is reminiscent of a societal
approach. We used a model that originally built on the Theory
of Planned Behaviour as a structural framework to map all
the relevant factors for farmers and veterinarians, and to
outline the differences and potential challenges these differences
can cause in the VHHC collaboration. However, it is clear
from social science research within the area that the context
includes more than just national differences in e.g., legislation,
the economic model and daily tasks of veterinary practices,
available diagnostics and medicines. It is also about discourse

and connections between historical, economical and farming
structure developments and social and biological processes (25,
27, 78, 79). These structures and developments all become
entangled in the individual veterinarian’s or farmer’s lifeworld, as
well as in their mutual collaboration.

The literature that met the inclusion criteria of this review
was primarily conducted within the veterinary research area.
It investigates farmers’ and veterinarians’ perception of AMU
and their possibility to change it within the VHHC setting.
Analysis of the literature has clarified that there is more at
play in the farmer–veterinarian collaboration than just economic
and rational considerations. Social and cultural norms in the
form of specific “rules of the game,” a ritualised AMU, different
perceptions of risk, a “prescribing etiquette,” “the good farmer,”
“the good veterinarian,” “treatment culture” and emotions such
as frustration and fear could potentially shape the collaboration
and the possibility to change AMU. The modified Theory of
Planned Behaviour used in this article has not directly exposed
nor explained any of these mechanisms, rather it has thematised
the factors of importance. These factors have been explained
and elaborated further through theoretical concepts to better
understand the context surrounding the farmer–veterinarian
collaboration when working with AMU.

As a result, there is a need for more studies with a focus on
both individual actions and the structures surrounding them.
The individual actions are those relevant to the daily life of
a veterinarian and a farmer working together and making
individual and collaborative decisions on AMU. However, the
structures surrounding them are just as important as they
permeate and affect their local realities. We have limited
knowledge on the effect of changes in social and biological
processes on farmers’ and veterinarians’ motivation and AMU
levels over time. Therefore, studies conducted in the intersection
of qualitative and quantitative research to investigate the actual
level of AMU and the motivation to change this over time within
the HHM setting are needed.

Furthermore, there is a need to combine the methodological
approaches of veterinary and social science literature. A more
holistic approach, intertwining the theoretical perspectives of
the two research areas, will work synergistically to address
the required change in AMU in dairy cattle. The research
should acknowledge the fact that everyday decisions and actions
related to AMU lie in the collaboration between farmers and
veterinarians. However, this must be combined with reflections
on the effect of the outside world, which surrounds and defines
the farmers’ and veterinarians’ local mode of action.

CONCLUSION

We have summarised the available international literature on
factors that influence farmers’ and veterinarians’ intention to use
antimicrobials rationally. This has made it easier to interpret
this knowledge in relation to VHHC, which comprises one of
the primary settings for working with rational AMU in the
production animal sector. Awareness of the identified factors
within VHHC can improve the effort to reduce AMU. New
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perspectives have nuanced the understanding of why and how
many of the identified factors are at play within this collaborative
context. Important topics have been identified, such as social
norms including pressure from social networks, diverging
risk perceptions and the importance of trust in the working
collaboration. This highlights the importance of communication
in improving the understanding of other people’s perspectives as
well as common goal setting within VHHC. We have identified
that not all factors are of equal interest across countries,
e.g., legislation and types of advisory services. Moreover, the
economic models for veterinary practices differ from country
to country, affecting the specific meaning and importance of a
given factor.

The included literature and research, which was conducted
primarily within the field of veterinary research, focuses on
the individual farmer and/or veterinarian and their perspectives
on AMU and potential for change within the VHHC setting.
However, the review study has identified a request from both
farmers and veterinarians for national or international solutions
to the AMR problem, for example support from the industry and
a new discourse among consumers andmedia. These solutions go
beyond an individual’s frame of action. Within the field of social
sciences, there has been a focus on the structural dimensions
related to AMU, supporting the need for and investigating
these national and international perspectives. We argue that
future research would benefit from a combined focus on the
individual and collaborative actions of farmers and veterinarians
within the VHHC setting that frames the everyday choices of

AMU in intensive dairy farming. However, the overall structural
framework (historical, biological, economical, etc.) surrounding
and defining the actions of farmers and veterinarians must also
be considered. We have therefore identified a need for studies
that bridge the theoretical perspectives of veterinary research and
social sciences to understand the potential to change AMUwithin
VHHC in dairy cattle farming.
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