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Abstract

The aim of this study was to describe the factors that influence dairy cattle veterinarians´

antimicrobial prescribing, their attitudes toward reducing antimicrobial use (AMU) in the

dairy industry, awareness of antimicrobial resistance (AMR), and perceived barriers to

improving antimicrobial stewardship (AMS) on Canadian dairy farms. We used quantitative

and qualitative research methods to consider the complexity of the antimicrobial prescription

decision-making process. We designed and distributed an online survey, followed by four

online focus groups with practicing veterinarians. We used frequency tables and uncondi-

tional associations to analyze quantitative data, and thematic analysis to analyze qualitative

data. In total, 107 participants from four Canadian provinces responded to the survey, and

26 veterinarians participated in the focus groups. Results from both studies were triangu-

lated to draw our key findings. We found that 1) Veterinarians must weigh numerous intra-

personal and contextual considerations that could be conflicting in their decision-making

process for prescribing antimicrobials. 2) Although less experienced veterinarians showed

greater awareness of AMR and motivation to improve AMS than more experienced veteri-

narians, they also reported feeling more pressure to adapt their prescribing practices to

farmers’ wishes than more experienced veterinarians. 3) Some veterinarians experienced

conflict between prescribing antimicrobials to maintain animal health, productivity, and wel-

fare, and AMS, which could result in blaming others for inappropriate antimicrobial use and

reducing the opportunity to critically review their own prescribing practices. 4) There were

strategies and barriers in common between veterinarians and farmers such as collaborative

reviews of disease treatment protocols and improving preventive medicine on dairy farms.

5) The main barriers to reducing AMU on dairy farms reported by veterinarians were con-

cerns about animal welfare and AMU on dairy farms without consultation with the veterinar-

ian. Our results can inform the development of AMS programs in the Canadian dairy

industry.
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1. Introduction

Antimicrobial-resistant infections are a substantial public health challenge [1]. Disease caused

by resistant bacteria results in increased severity, prolonged hospital stays, and increased mor-

tality risk, raising the social and economic costs of the disease [2]. The development of antimi-

crobial resistance (AMR) is part of normal bacterial evolution [3]. However, antimicrobial use

(AMU) in humans and animals contributes to the development and spread of AMR [4, 5].

Therefore, health authorities have called for antimicrobial stewardship (AMS) in human and

veterinary medicine to ensure prudent AMU and minimize the selection and dissemination of

resistant bacteria [6, 7].

Several actors play a role in AMS in food-producing animals, including regulators, farmers,

and researchers. In addition, veterinarians are commonly central to antimicrobial stewardship

on farms. For example, in the Netherlands, only veterinarians are authorized to administer

antimicrobials on farms, with exceptions when a one-on-one relationship between a farmer

and a veterinarian is established and documented [8]. In the United States, veterinarians have

the obligation of oversight for use of medically important antibiotics in food-producing ani-

mals and to ensure that these antimicrobials are only used when medically necessary to protect

the health of an animal [9]. In Canada, all Medically Important Antimicrobials (MIAs) for vet-

erinary use are sold by prescription only [7]. Therefore, it is necessary to understand the fac-

tors that influence veterinarians’ antimicrobial prescribing decisions and their attitudes

toward reduced AMU.

Numerous organizations have developed AMS guidelines for veterinary medicine. In 2016

the World Health Organization (WHO) in collaboration with the World Organization for

Animal Health (WOAH) and the Food and Agriculture Organization of the United Nations

(FAO), adopted a Global Action Plan with the objective of ensuring treatment and prevention

of infectious diseases with quality-assured, safe, and effective medicines [6]. The WOAH

included guidelines for responsible AMU in veterinary medicine as part of the Terrestrial Ani-

mal Health Code [10]. The Public Health Agency of Canada released a Federal Action Plan on

AMR and AMU, which established promotion of the appropriate use of antimicrobials in

human and veterinary medicine as part of the actions needed to tackle AMR. Consequently,

the Canadian Veterinary Medical Association (CVMA) published Veterinary Oversight of

Antimicrobial Use with recommendations and standards for responsible antimicrobial pre-

scribing and dispensing [11]. The CMVA recently launched an online platform intended to

support Canada’s veterinarians in making responsible decisions on appropriate AMU (https://

www.canadianveterinarians.net/veterinary-resources/antimicrobial-stewardship-resources/

cvma-guidelines-for-veterinary-antimicrobial-use/). Nonetheless, the development of AMS

recommendations and guidelines does not ensure their implementation. For instance, a study

from Australia reported that only 15% of veterinarians used antimicrobial prescribing or AMS

policies [12]. Companion animal veterinarians described conflicts in prescribing antimicrobi-

als using current guidelines due to a lack of time to keep track of current recommendations

and lack of autonomy at the clinic [13].

Prescribing decisions are multifactorial, with geographic, social, cultural, and economic fac-

tors playing significant roles [14, 15]. It is necessary to study the interaction between individual

and contextual factors to understand their influences on prescribing practices [14]. Contextual

factors influence how veterinarians will act in specific situations; these include legislation,

working experience, farmers’ and colleagues’ preferences, and the structure of veterinary prac-

tices, among others [16]. Personal experiences and emotions guided dairy cattle veterinarians

when making AMU choices and less experienced veterinarians felt pressure to prescribe

according to farmers’ preferences for certain antimicrobials [16]. A study from the
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Netherlands identified conflicting interests when veterinarians prescribed antimicrobials to

farm animals, such as the belief that veterinarians have the obligation to alleviate animal suffer-

ing, financial dependence on clients, financial barriers for structural veterinary herd health

advisory services, and farmers’ lack of compliance with veterinary recommendations [17].

Our objective was to describe the perceptions and influences in AMU decision-making by

dairy veterinarians. Considering the complexity and multifactorial nature of veterinarians’

prescribing decisions, we conducted mixed methods research to specifically explore dairy cat-

tle veterinarians’ considerations for antimicrobial prescribing, their attitudes toward reducing

AMU, awareness of AMR, and perceived barriers to improving AMS on dairy farms in

Canada.

2. Methods

We used multistage mixed methods with an online survey questionnaire followed by online

focus groups. This research was reviewed and approved by the University of Guelph Research

Ethics Board (documents #21-02-021 and #21-10-025). Online informed consent was obtained

from participants before both parts. All participants were informed about the study objectives,

methods, and implications for them and for the field of study. Respondents and focus group

participants were required to be at least 21 years old to participate. All participants were aware

of their right to choose not to answer any questions. Survey participants consented to partici-

pate in the first page of the survey and focus group participants’ consent was collected online

two days before the activity together with demographic information.

2.1 Quantitative study

Survey design and distribution. We designed a questionnaire based on the literature and

our experience. The questionnaire was pre-tested by four dairy cattle veterinarians for compre-

hension and refined based on their feedback. The survey contained 42 questions related to

general information on the respondents (4 items), antimicrobial prescribing decisions (8

items), AMU and AMR awareness (19 items), and AMU reduction (11 items). Several ques-

tions about AMU and AMR were the same as those in our recent survey of dairy farmers in

Ontario [16]. The questionnaire is available in Supplementary Materials (S1 Appendix). The

survey was distributed using the Qualtrics XM software (Qualtrics, Provo, UT, USA). Partici-

pants were recruited by email through email lists of the Canadian Association of Bovine Veter-

inarians (690 subscribers). Reminders were sent 2 weeks and one month after initial

recruitment. The survey link was open from February 7, 2022 to April 20, 2022.

Data analysis—Quantitative study. We used descriptive statistics and frequency tables to

explore the distribution of the data. Unconditional associations between variables were tested

using Pearson Chi2 or Fisher’s exact tests for categorical variables. For continuous data, t-tests

or Wilcoxon rank–sum tests were used to explore differences between categories when the

continuous variable was or was not normally distributed, respectively. All analyses were con-

ducted using the software Stata 17 (StataCorp, College Station, TX, USA).

2.2 Qualitative study

We developed a semi-structured interview guide based on the results from the quantitative

study and the literature, including 19 open-ended questions. Questions and probes sought

information on drivers for antimicrobial prescribing, external influences on antimicrobial pre-

scribing, AMR awareness, and attitudes toward AMU reduction on dairy farms. The interview

guide is included in the Supplementary Material (S2 Appendix).
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We conducted four online focus groups using the Zoom platform (Zoom Video Communi-

cations, Ca, USA) between April 12, 2022, and April 26, 2022. All the participants resided and

worked in the province of Ontario, all primarily as veterinarians in dairy cattle practice. All

focus groups were moderated by one of the authors (SMR) accompanied by the first author,

who was present taking field notes. Survey respondents who resided in Ontario and agreed to

be contacted for further studies were invited to participate in the focus groups. Additionally,

veterinarians were invited to participate by email through the Ontario Association of Bovine

Practitioners. In total, 26 veterinarians participated in the focus groups. Each focus group was

held with four to eight participants and lasted 1.5 hours. Before the focus group, participants

completed a short online questionnaire about their general information (Table 1). All focus

groups were audio and video recorded and transcribed by a professional transcriptionist.

Data analysis—Qualitative study. Thematic analysis was used to identify, analyze, and

report patterns within the written data using NVivo software (QSR International Pty Ltd.,

2022). The first author (CC-A) read the transcriptions and conducted an initial coding using a

bottom-up, inductive approach aimed at identifying potential themes and subthemes from

codes assigned to text elements that informed the research objectives. Subsequently, the

authors discussed the codebook, themes, and subthemes. Adjustments were made until a con-

sensus was reached. We assigned an anonymous ID to each participant and assigned codes to

the quotes to illustrate the key features of themes and subthemes. Square brackets were used to

indicate when a quote was shortened or when we inserted explanatory information to ensure

the meaning of the quote was maintained.

Findings from the qualitative and quantitative study were triangulated and are presented in

an integrated form in the results session.

3. Positionality and reflexivity statement

We acknowledge that the researcher’s positionality impacts the way that data are generated

and analyzed [18]. All researchers of this study have professional knowledge of dairy farming,

two are veterinarians, and all have advanced degrees in epidemiology. The last author (SL) was

Table 1. Demographics of participants in quantitative (online survey; n = 88) and qualitative (online focus

groups; n = 26) studies of antimicrobial prescribing decisions by Canadian veterinarians working with dairy

farms.

Characteristic Quantitative study Qualitative study

Pronoun used

He/Him 59 (63%) 14 (54%)

She/Her 35 (38%) 12 (46%)

Age median (range) 44 years (28 to 69) 36 years (29 to 69)

Median years of experience working as a dairy cattle veterinarian (range) 17 (2 to 48) 10 (1 to 43)

Current position

Owner or partner in a private veterinary clinic 45 (48%) 15 (58%)

Associate in a private veterinary clinic 36 (39%) 10 (38%)

Working for an academic institution 6 (6%) 1 (3%)

Other work positions 6 (6%)

Province of residence

Ontario 57 (64%) 26 (100%)

Quebec 13 (14%)

Alberta 9 (10%)

Saskatchewan 4 (5%)

https://doi.org/10.1371/journal.pone.0289415.t001
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acquainted with almost all the participants in the focus groups. However, he did not participate

in those sessions. The first author (CC-A) led the data analysis and manuscript writing. CC-A

is a female postdoctoral researcher, whose work focused mainly on AMR and AMS in dairy

farms with a One Health approach. Differences in sociocultural background between CC-A

and the participants arise due to the fact that CC-A is not Canadian and has never practiced

veterinary medicine in Canada. However, as a veterinarian, CC-A understands the role of

AMU in dairy cattle health and production and the complexity of the prescribing decisions.

She has spent the last three years conducting qualitative and quantitative research with Cana-

dian dairy farmers and veterinarians aimed to improve AMS on dairy farms.

4. Results

4.1 Demographics

Of 107 veterinarians who used the survey link, 93 responded to more than 50% of the ques-

tions and 88 respondents completed the full questionnaire. Most respondents identified them-

selves with the pronoun He/Him (n = 59; 63%), resided in the province of Ontario (n = 57;

65%) were owners or partners in a private veterinary clinic (n = 45; 48%), and reported having

prescribed antimicrobials in more than half of their last 10 visits to dairy farms (65%; n = 59).

A description of the participants in both parts of this study is presented in Table 1. About half

of the participants in the focus groups identified themselves with the pronoun He/Him

(n = 12; 54%), and most of the participants were owners or partners in a private veterinary

clinic (n = 15; 57%).

4.2 Key themes identified

We identified three key themes in our data that are described in Fig 1. Broadly speaking, the

data highlight that antimicrobial prescribing decisions are driven by intrapersonal factors such

as education and experience, as well as external factors related to the farm, drug availability,

animal value, and current regulations, among others. Veterinarians must weigh numerous

considerations that could be conflicting in their decision-making process for prescribing anti-

microbials to their clients. A comment from one focus group participant captures the key

aspects of the themes identified [P7_4]: “Every single case that needs antibiotics, I try to pick as
low class [category of importance for human medicine] as possible. Try to pick something as effec-
tive as possible. And try to pick something that the farmer is going to be able to implement”.

Theme 1: Decision-making based on age education, experience, and role in the clinic.

The first considerations that veterinarians expressed in our focus groups were related to per-

sonal factors that influence their prescribing decisions. The following sub-themes were

identified:

a. Veterinary knowledge of infectious diseases and drug efficacy:

The most important factor in selecting a particular antimicrobial product by survey respon-

dents was “Knowledge of antimicrobial drug efficacy to treat specific diseases”. Similarly,

knowledge and experience with the antimicrobial was the first consideration discussed by

focus group participants when they were asked about how to decide whether or not to pre-

scribe for a given case (Table 2; S2 Fig in S1 File).

Additionally, veterinarians considered diagnosis and specific signs and symptoms as trig-

gers of antimicrobial prescribing, including fever and decreased milk or feed consumption

(Table 2; S2 Fig in S1 File). Although most focus group participants admitted that those signs

and symptoms are not conclusive for the need for antimicrobials, participants frequently men-

tioned that they preferred to be cautious and treat an animal before the animal deteriorates or
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even dies while waiting for a precise diagnosis. Veterinarians commented on the situations in

which they recommend extra-label antimicrobial use (i.e., use of an approved drug in a man-

ner that is not in accordance with the approved label directions). The most common extra-

label use discussed was the extended duration of antimicrobial therapy. Participants consid-

ered that severe cases of mastitis and pneumonia usually benefit from extended treatment, as

well as cases that didn’t respond to the initial treatment protocol.

Some participants commented on the use of diagnostic tests such as lung ultrasounds, nasal

swabs, and milk culture. However, it was commonly mentioned that microbiological cultures

were used as historical information on herd health status rather than as a guideline for treat-

ment. Many veterinarians also reported that susceptibility tests were almost exclusively used

for recurring or severe mastitis cases. Some participants questioned the value of performing a

susceptibility test when there are limited antimicrobial options for intramammary treatment

(Table 2).

b. Gender, age, experience, and role in the clinic

Fig 1. Thematic map of the analysis of four focus groups of veterinarians on antimicrobial prescribing decisions and attitudes toward

antimicrobial resistance and antimicrobial stewardship on dairy farms in Canada.

https://doi.org/10.1371/journal.pone.0289415.g001
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Veterinarians discussed that their age and role in the clinic could affect their prescribing

decisions. For instance, younger participants expressed that it is difficult to suggest changes to

farmers that conflict with recommendations from more experienced veterinarians. Addition-

ally, some veterinarians expressed that being a clinic owner adds pressure to the economic

considerations of antimicrobial prescribing. Clinic owners agreed that their role does not

influence the decision of whether to prescribe or not, but it could influence the decision of

Table 2. Description of qualitative and quantitative results related to theme 1: Decision-making based on gender, education, experience, and role in the clinic.

Theme and subthemes Quote(s) reflecting the theme or subtheme Quantitative results supporting the theme or subtheme

Theme 1: Decision-making based on gender, education, experience, and role in the clinic

a. Veterinary knowledge of

infectious diseases and drug

efficacy

[P8_2]: “. . .it has to be a case that warrants it [antimicrobial
treatment], based on the health issues that the animal has. So, the
antibiotic is necessary, and then we would look for an antibiotic
that would be effective”.

[P10_2] “I err on the side of treating even though I’m sure the odd
one isn’t truly pneumonia. Part of my reasoning is that you were
called out to see them. They’re obviously quite ill. I’d rather err on
the side of caution in that sense for the cow. Especially when the
producer deems that severe enough for a vet call”.

Moderator: in what situations do you perform a bacteriologic
culture and susceptibility test? [P2_1]: “the obvious response is
mastitis. But it is of limited use when you have so few treatment
options. It is a hard sell for some producers when you know they
know there are only two lactating cow intramammary treatments
on the shelf. So, a lot of cases do not get cultured”.

86% (n = 74) of respondents considered that knowledge about the

antimicrobial was an extremely or very important factor to decide

the specific product to prescribe (S1 Fig in S1 File).

98% (n = 82) considered diagnosis as extremely or very important

factors related to the animal considered in the decision-making

process to select an antimicrobial treatment (S1 Fig in S1 File).

60% (n = 49) of respondents affirmed not having performed a

microbiological culture in more than half of the cases they

attended in the last year.

35% (n = 28) of respondents did not perform a microbiological

culture in the last year.

24% of the veterinarians who performed a microbiological culture

never requested a susceptibility test and 48% (n = 37) performed

susceptibility testing in less than half of microbiological cultures

in the last year.

b. Gender, age, experience,

and role in the clinic

[P22_4]: “. . .as a new grad, I would certainly struggle to convince
them [farmers] you know the science doesn’t suggest we should use
antibiotics on a scouring calf. I think that they’re probably
expecting me to do what the old Doc did. I guess I’m more inclined
to use something [antimicrobial] in those cases”.

[P16_3]: “Rebates matter as the antibiotic choices between
companies, right? Kind of choose your brand and you might stock
the one that has the better price. But in terms of I’m going to stock
A-180 because it’s a better price than penicillin? Like that wouldn’t
enter my mind”.

46% of veterinarians with less than 10 years of experience

reported performing a microbiological culture in less than 5% of

the cases that they attended, which was less than more

experienced practitioners (46% vs 18%; P = 0.02).

Considering peer-reviewed papers on efficacy as a “very” or

“extremely important” factor when prescribing was different

between pronouns (34% among She/her and 21% among He/him;

P = 0.04).

Respondents with the pronoun He/Him considered farmers’ goals

more important than respondents with the pronoun She/Her

(68% vs. 32%; P = 0.005).

c. Conflict between animal

welfare and antimicrobial

stewardship

[P9_2] “. . .I think in many cases we are the voices for the animals
under our care. And often the only ones who advocate for them,

you know? And many times, there are certain circumstances where
the issues that cause the outbreak are challenging. And the most
humane thing to do and animal welfare is better addressed by
doing across the board treatment”.

[P10_1] “I had a situation with the 4-6-month-old heifers, and they
[farmers] pulled two dead ones out of the pen. Classic BRD [Bovine
Respiratory Disease] outbreak and I treated the whole group—
there were 30 of them. Because to me, yes, we need to be prudent
with our antibiotic usage. But to me, it’s like we also have to treat
the animal. And we have the ability to save them and keep them
functioning”.

P1_1: “We made a conscious choice not to sell category I dry cow
therapy. Although we may eventually be forced to because there’s
almost no mastitis preparations left at all on the market”.

43% (n = 37) of respondents considered that animal welfare

would be worse if AMU is decreased.

https://doi.org/10.1371/journal.pone.0289415.t002
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which brand of the same antimicrobial to prescribe based on the clinic’s relationships with

pharmaceutical companies.

c. Conflict between animal welfare and antimicrobial stewardship

In this study, veterinarians expressed that they consider themselves stewards of animal wel-

fare, and that responsibility was highlighted when participants discussed prophylactic antimi-

crobial use (Table 2). In addition, many participants expressed that they try to avoid the use of

category one (high importance to human medicine) antimicrobials due to concerns about

AMR in the human population (Table 2; S2 Fig in S1 File). However, it was commonly men-

tioned that the responsibility for maintaining animal health and the responsibility for AMS

conflicted. Other participants expressed that although they would like to avoid category one

antimicrobials, they are forced to use them because of the lack of availability of other products

(Table 2).

Theme 2: Modulation of treatment decisions by external influences. This theme relates

to the external factors that are also considered when veterinarians prescribe antimicrobials to

their clients. External factors discussed in the focus groups included:

a. Farm-specific considerations

Veterinarians commented that some farm characteristics and management were considered

at the moment of prescribing antimicrobials. The milk production status regarding the milk

quota (i.e., daily kg of butterfat that each farmer is allowed to produce) of the farm was an

important factor for many veterinarians when selecting the type of product (Table 3). Another

factor was the housing conditions. Some participants commented that if the calf or heifer hous-

ing did now allow proper ventilation, they would be more likely to recommend medicated feed.

In addition, veterinarians agreed that they usually take into consideration the farmers’ prefer-

ences and requests when they are selecting a specific product in terms of the cost of the treat-

ment. Most participants commented that they try to follow the existing protocols on the farms,

and they consider the farmer’s expected compliance with the recommendations (Table 3).

b. Other veterinarians

Most veterinarians commented that they have regular meetings with other veterinarians

from their clinic to discuss protocols, treatment choices, and difficult or unusual disease cases

in order to offer similar procedures to their clients (Table 3). Other participants commented

that they are interested in reviewing protocols developed by other veterinarians to learn about

how they treat diseases. Less experienced participants expressed that they feel more influenced

by older veterinarians and mentors and admitted that most of their prescribing practices are

learned from other veterinarians. In addition, some participants considered that younger vet-

erinarians are more informed about AMS and are more concerned about the prudent use of

antimicrobials.

c. Availability

It was frequently mentioned that antimicrobials have been disappearing from the market in

the last few years, limiting the options for veterinarians (Table 3). In addition, participants

expressed that their veterinary clinic sometimes limits which antibiotics they carry in order to

improve antimicrobial stewardship (Table 3).

d. Pharmaceutical companies

Veterinarians’ opinions on how pharmaceutical companies influence their prescribing

practices were divided. A group of participants considered that sales or technical services
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representatives provide updated information about treatment length, doses, and availability of

antimicrobials (Table 3). However, other participants considered that information offered by

pharmaceutical companies is not reliable and do not consider them influential (Table 3).

Theme 3: Opportunities and barriers to improving AMS on dairy farms.

a. Attitudes toward AMR and AMS

Participants had divided attitudes toward public discussions of AMR and AMS in dairy farm-

ing. While some veterinarians expressed being concerned about AMR and feeling responsible

for reducing AMU on dairy farms, other veterinarians commented that AMU in human medi-

cine is responsible for AMR and questioned the link between AMU in dairy cattle and the

emergence of AMR in human pathogens. In addition, participants considered that AMU in

dairy cattle is being more scrutinized than AMU in other animal species or human medicine.

Some participants expressed frustration because they consider that veterinarians try to use

antimicrobials responsibly, but human medicine is not doing its part (Table 4). Finally,

another group of participants considered that they do not have enough information to discuss

the role of AMU on dairy cattle on AMR. The level of agreement of veterinarians with 18 state-

ments related to antimicrobial resistance awareness in the quantitative part of the study is pre-

sented in S2 Fig in S1 File.

Table 3. Description of qualitative and quantitative results related to theme 2: Modulation of treatment decisions by external influences.

Theme and

subthemes

Quote(s) reflecting the theme or subtheme Quantitative results supporting the theme or subtheme

Theme 2: Modulation of treatment decisions by external influences

a. Farm-specific

considerations

[P26_4] “I have to work with the farmer just to see if he needs the milk or
something then we can maybe go to one of those ones that have low or
zero milk withdrawal”.

[P9_2] “. . .At the end of the day, I will recommend what I think they
[farmers] will do, what will get done. Because you know there are times
when that is probably of greatest importance you know? There’s a variety
of options, but this one will get done you know then that goes to the top of
the list for that client”.

82% (n = 69) of respondents considered the expected compliance with

the treatment as an extremely or very important factor, related to the

farm when deciding which product to prescribe (S1 Fig in S1 File).

a. Other

veterinarians

[P6_1] “We’ll occasionally have a meeting where we’ll bring up why we
do things the way we do things and see if we can change each other’s
minds essentially. So people can be on the same page [. . .] We do enjoy
being all on the same page. So that the client is getting a similar
experience”.

52% (n = 35) of veterinarians considered that colleagues’ reports of

efficacy is an extremely or very important factor to select a particular

antibiotic product.

b. Availability [P16_3] “It’s frustrating, it seems like the antimicrobials are going away
are in the lower drug class, so we’re getting smaller and smaller options,
but it’s not the category ones that are going away. It’s the category threes
and fours. And it’s forcing us to have to use those category ones because
two options for mastitis treatments that are on the market”.

[P7_2]: “We don’t carry fluoroquinolones anymore; if the farmer asks for
it, I’m sorry I just don’t have any with me right now”.

c. Pharmaceutical

companies

[P26_4]: “I think they [sales representatives] are useful getting those tech
service bulletins, getting some advice, getting some newsletters things like
that, information. Always being available to us when we need them. If
there’s some sort of problem that’s arisen from one of their products,
maybe not always compensation. But at least support”.

[P21_4]: “. . .these [pharmaceutical] companies are so based on
marketing promotion and lack of research, and the data behind their
product is based on testimonials. I just don’t deal with them”.

81% (n = 67) of respondents considered marketing material from

pharmaceutical companies not at all important in the decision of

which antimicrobial product to prescribe.

https://doi.org/10.1371/journal.pone.0289415.t003
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Table 4. Description of qualitative and quantitative results related to theme 3: Opportunities and barriers to improving AMS on dairy farms.

Theme and subthemes Quote(s) reflecting the theme or subtheme Quantitative results supporting the theme or subtheme

Theme 3: Opportunities and barriers to improving AMS on dairy farms

a. Attitudes toward AMR

and AMS

[P4_1]: “I think that in dairy cattle, for the most part, we do use drugs
appropriately, and with you know the right length of treatment, and
the right you know, dosages and administration means. And It’s been a
couple of years now since Quebec has changed their rules. And I would
love to see if they’ve seen any changes in their patterns of resistance.
But I don’t think dairy contributes a ton”.

[P14_3] “when I look in the small animal pharmacy there’s some
pretty good category I drugs there that are routinely stocked, and I
don’t hear a lot of conversation about that. And it frustrates me when I
go to the doctor and they prescribe me something and they can’t
calculate a mg per kg dose. We can do that.Math isn’t that hard”.

[P11_3] “I think we [veterinarians] get blamed. Agriculture gets
blamed, and maybe the piece of the pie is bigger. I don’t think we’re a
big problem. And then I, you know go to my doctor, my kids go to the
doctor, and they don’t even examine me or do anything. And they’re
handing antibiotics. And it’s just frustrating, and I think sometimes
we’re doing a better job than our counterparts in human medicine”.

[P5_1]: “I don’t usually talk about it [AMR] with people because I feel
like I really don’t know enough. How can I have an opinion on
something that I feel like I really don’t know enough?”.

62% (n = 51) of respondents consider that veterinarians generally

prescribe responsibly.

50% (n = 41) of respondents disagree or strongly disagree that

veterinarians are responsible for AMR in animals.

60% (n = 82) disagree or strongly disagree that veterinarians are

responsible for AMR in human medicine.

64% (n = 52) of veterinarians considered that reduced AMU will

not affect milk production.

54% (n = 44) of respondents were unsure of the impact of reduced

AMU on animal welfare.

61% (n = 50) of respondents think about the risk of AMR in cattle

when they prescribe.

50% (n = 51) of respondents think about the risk of AMR in

humans when they prescribe.

95% of veterinarians consider AMR as an important problem in

human medicine.

b. Antimicrobial

stewardship as an

evolving topic

[P3_1]: “I think we’re a lot more prudent with antimicrobial usage
now than we ever have been in the past. And I think a lot of that is due
to what we hear, and what their [public] expectations are. And
antimicrobial resistance is a big part of that. I know I use a lot fewer
drugs now, and extended drugs, and I’m not over-treating as much as
before”.

[P10_2]: “They [farmers] are changing, it might not be quick, but it
does happen. Especially as new generations take over. I’ve really seen
that the newer generation really wants your advice, wants to make
changes, wants to hear more about science. I think that’s how we use
less antimicrobials, and we have more prudent use it is a slow change,
but is still change”.

93% (n = 76) of respondents considered that there should be more

initiatives to promote responsible AMU in the dairy industry.

72% (n = 60) of respondents agreed or strongly agreed that we

should reduce antimicrobial use in dairy production.

90% (n = 73) of veterinarians agreed or strongly agreed that they

avoid prescribing critically important antimicrobials for human

medicine.

c. Antimicrobial use

reduction on dairy farms

“P1_1: The area on the farm where I feel like we could do a better job is
calves. I think that there’s a lot of calves out there who get antibiotics
randomly because they’re small and it’s not as expensive”.

[P19_4]: “A lot of them [farmers] aren’t at this point going to make a
decision about drug use based on responsible use. It’s definitely going to
be more economically driven. So if there was some way to back up
these recommendations, and say look this is actually more profitable
and better for your animals that would be really helpful”.

[P27_4] “I think one of the biggest opportunities for responsible use is
getting the right diagnosis, sometimes our clients are treating animals,
where it’s not indicated. So I guess, that opportunity is just, you know,

educating our clients better to make sure that they’re treating when
they should be treating with the right antibiotic”.

40% (n = 33) of respondents regarded dry cows as the group of

animals in which it is easier to reduce AMU, followed by pre-

weaned calves (19%; n = 16) and lactating cows (16%; n = 12).

54% (n = 48%) considered that veterinarians should take the lead

on promoting responsible AMU in the dairy industry, and 255

(n = 22) considered that dairy farmers should be responsible for

promoting responsible AMU on dairy farms.

Among the actions considered by veterinarians to be most effective

to reduce AMU on dairy farms, “Measure use and provide

benchmarking to compare use among dairy farms” was the most

frequently selected (36%; n = 30), followed by “Provide more

education or promotion to change or reduce use” (26%; n = 22),

and “Provide incentives to change or reduce use” (21%; n = 18).

Less than 10% (n = 6) of respondents considered that additional

regulations would be effective to reduce AMU on dairy farms.

(Continued)
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b. Antimicrobial stewardship as an evolving topic

Most participants agreed that AMS is a relatively new concept for them, that the concerns

of AMR and prudent prescribing are evolving, and they have had to adapt their practices and

protocols to comply with new requirements (Table 4). Additionally, veterinarians considered

that the current discussion on AMR and AMU in agriculture has increased farmers’ awareness,

particularly younger farmers, who are now more willing to modify their traditional practices

of AMU (Table 4). In the quantitative part of the study, veterinarians with less than 10 years of

experience were more likely than more experienced practitioners to agree or strongly agree

with the following statements: “Antimicrobial resistant infections are an important problem in

dairy cattle” (P = 0.05), “The use of antimicrobials on a farm could cause antimicrobial resis-

tance on that farm” (P = 0.04), “The use of antimicrobials on dairy farms could cause antimi-

crobial resistance on other farms” (P< 0.01), and “Antimicrobial resistance is an issue that

could affect me or my family” (P = 0.05).

c. Antimicrobial use reduction on dairy farms

Although there was a consensus that dairy farming generally uses antimicrobials prudently,

veterinarians expressed several ideas to reduce AMU on dairy farms. The most common ideas

were to implement selective dry cow therapy, improve the diagnosis of mastitis, and have bet-

ter culling protocols for animals with recurrent infections. Participants agreed that calves were

a particular age-class of animals where there is opportunity to further reduce AMU (Table 4).

Table 4. (Continued)

Theme and subthemes Quote(s) reflecting the theme or subtheme Quantitative results supporting the theme or subtheme

d. Barriers for AMU

reduction

[P16_3]: It’s frustrating how many times you get called and they’ve
had them [animals] on Excenel [ceftiofur] for two days, and there was
like did you check for a fever? No? Well, why did you use Excenel?
Well, it worked on the last cow”.

[18_3]: “We haven’t figured out how to manage our geography in our
area to make an actual mastitis culture lab feasible. And so, I’d say
that’s a huge barrier for us to managing some of these cases better. And
having better antibiotic use. This space between our farms makes
culturing mastitis cases well completely impractical for the most part
because it’s at least a week turnaround. Like no one’s going to drive to
bring us a milk sample to a clinic that is 40 minutes from the house
with nobody there staffing on the weekend to manage a culture lab”.

[P9_2]: “I know from experience when vets are not on the same page
within a practice that there’s a lot of client confusion and they want
you to do it the way someone else did it even though that’s maybe not
the way you want to practice. But then I do think other clinics put
pressure on their prescribing on other local clinics, right?”.

[P18_3] “Just because I work across multiple species one of the things I
notice is that a lot of information for small animal tends to be very
directed at messaging, they tend to take research and turn it into bite-
sized information that we can educate clients. And I find that in the
bovine world they tend to give us research without actually being able
to synthesize and coordinate it into a very simple message for farmers”.

[P25_4]: “It [AMR] is intangible to a lot of dairy producers. They don’t
really see the direct impacts of what antimicrobial resistance could
have on them and the class of antimicrobials is the last thing on their
radar”.

51% (n = 42) of veterinarians in this study considered that their

clients use antimicrobial treatments without consultation in at least

80% of the disease cases on their farms. However, the majority

(81%; n = 66) of respondents affirmed to have had a discussion

with their clients about when and how to use antimicrobials for

treatments when they are not being consulted.

53% (n = 43) agreed or strongly agreed that farmers have limited

understanding of AMR.

https://doi.org/10.1371/journal.pone.0289415.t004
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Improving vaccination protocols was also an idea expressed by several participants as potential

routes for reducing AMU in dairy farms. Furthermore, it was proposed that a technician in the

clinic could support farmers with vaccination to ensure that they are being used properly.

It was also discussed that prudent use of antimicrobials may not be enough motivation to

achieve reduced AMU on farms and that the discussion about reducing AMU should be driven

by economics. Other veterinarians proposed having grants to improve the farm facilities to

have better ventilation, calf housing, and animal welfare. Participants also discussed their role

in AMS and mentioned that they could be more involved in AMU decisions; for example,

reviewing protocols for disease treatments to identify areas for improvement and acknowl-

edged that disease diagnosis could improve in order to reduce AMU (Table 4)

d. Barriers for AMU reduction

Veterinarians expressed frustration about farmers’ habit of treating the animals without

consultation, and this practice was considered one of the biggest barriers to reducing AMU on

dairy farms in Canada (Table 4). All the focus groups discussed the impediments to use of lab-

oratory services for disease diagnosis due to the long time and distance between farms and lab-

oratories, which causes delays for results. Another barrier mentioned by participants was

differences between veterinarians and between clinics that put pressure to prescribe what

farmers demand (Table 4). In addition, participants discussed that knowledge mobilization to

dairy cattle veterinarians and farmers is given in technical language that is difficult to under-

stand. Finally, veterinarians considered that farmers had low awareness of AMR implications

in dairy farming, which they considered a barrier to reducing AMU on dairy farms. Other par-

ticipants expressed that the poor adoption of preventative measures to reduce diseases on

some farms is an important barrier to improving AMS.

5. Discussion

We used a quantitative survey and qualitative focus groups to study dairy cattle veterinarians’

antimicrobial prescribing decisions, AMR awareness, and attitudes toward AMU reduction in

the dairy industry. Mixed methods research has the advantage of allowing examination of

complex problems within a single study by providing multiple sources of evidence [19]. Our

results show that antimicrobial prescribing decisions are complex for veterinarians, who need

to consider a number of personal and external factors that are connected; in most cases, it is

difficult to classify a specific factor as exclusively personal or external. For instance, age, gender

and experience are usually considered individual factors. Nevertheless, they are related to how

veterinarians process external influences and the way that context affects their decisions. We

identified that participants with the pronoun She/Her were more likely to report avoiding the

prescription of critically important antimicrobials, while participants with the pronoun He/

Him were more likely to consider the farmer’s goals in the prescribing decision. Social sciences

have described that there are gender differences in prioritization of values [20], in which

women tend to put more value on protecting the welfare of all people, animals, and nature,

while men attributed more value to social status, demonstrating competence and obtaining

admiration [20]. This illustrates how personal traits affect information processing and decision

making, and needs to be considered to understand the required support, advice, and guidance

to modify any type of behavior, including prescribing decisions.

Similarly, we found that younger veterinarians felt more influenced by farmers and other

veterinarians, affecting their prescribing decisions. Although less experienced participants

were more likely to agree or strongly agree with statements reflecting awareness of AMR, they

also reported performing microbiological cultures and susceptibility testing less frequently.
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This contradictory finding may be related to the farmers’ preference for rapid AMU for fear of

an adverse clinical outcome or economic losses while the animal is sick, as reported in previous

studies [21–24]. This situation reflects the complex dynamic between individual and contex-

tual factors. Despite greater awareness of AMR and motivation to improve AMS, younger vet-

erinarians chose to adapt their prescribing practices to farmers’ and more experienced

veterinarians’ preferences or practices. Previous research has also shown the complexity of

social influences on antimicrobial prescribing behavior. Sometimes veterinarians prescribe

antimicrobials when they feel that it is not necessary due to pressure from their clients [25].

This has also been reported in human medicine [26]. The importance of social influences

underlines the need to design AMS interventions that involve all stakeholders, including farm-

ers and veterinarians. Changing the external factors, in this case, the social pressure of antimi-

crobial prescribing, could affect individual behavioral change and improve AMS [25].

Increasing awareness and understanding of AMR is one of the key strategies of the Global

Action Plan on AMR adopted by the WHO, FAO, and WOAH [6]. In the present study,

more than 90% of survey participants considered AMR to be an important problem in peo-

ple. However, less than half of the participants (42%) considered that AMR is a problem in

dairy cattle. We did not specify in our question what type of problem AMR represents for

dairy cattle. We intended and expect that veterinarians took this question to mean a problem

for animal health such as not being able to treat resistant infections, but they may have con-

sidered it a problem for AMR transmission to other animals, humans and the environment.

In any case, most veterinarians did not consider AMR a problem, even when focus group

participants frequently discussed having to deal with persistent or recurring infections. This

might imply low recognition of AMR in daily practice. Although clinical failure does not

necessarily mean an AMR infection, some dairy cattle pathogens feature a high prevalence of

AMR, including mastitis pathogens such as Staphylococcus aureus, and Klebsiella [27] and

diarrhea-causing bacteria such as E. coli and Salmonella [28]. Conversely, participants may

accurately see few dire clinical outcomes or treatment failures attributable to AMR in dairy

cattle. This dissonance was also seen in the high proportion of participants who agreed that

they try to limit use of antimicrobials that are critically important for human health, but

responses were more neutral about considering the effect of their AMU on AMR in humans.

The former response might reflect social desirability while the latter may reflect ambivalence

about a tangible link between their actions and AMR and people. Similarly, focus group dis-

cussions revealed that some veterinarians considered that they are not responsible for AMR

and expressed that the AMR discussion should be focused on AMU in human medicine.

Although the link between AMU on dairy farms and AMR in humans has not been quanti-

fied, there is growing evidence supporting the association between AMU on dairy farms and

AMR in human isolates from temporal and spatial matched bacterial isolates from Canada

and other countries [29–31]. Recognizing that ecologically and over time, all AMU, even

when appropriate, eventually contributes to AMR development and direct or indirect dis-

semination [32] is a key component of AMS [33]. The introduction of an AMR and One

Health course within veterinary medicine curricula could be helpful to increase AMR knowl-

edge and awareness of the link between AMU and AMR among veterinarians, as previously

proposed for human medicine [34]. Importantly, awareness of AMR and AMS principles is

necessary but not sufficient to reduce AMU on dairy farms, because it does not represent a

practical solution for routine farm management decision-making [16]. We have shown here

for veterinarians and elsewhere for farmers [21, 35] that numerous other factors influence

AMU decisions, notably emphasis on the animal before them. Therefore, it is necessary to

balance AMS interventions between awareness of broader issues and consideration of mind-

set and other influences on AMU that we have described.
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It was evident that veterinarians in our sample experience some conflict when prescribing

antimicrobials and trying to do it responsibly, in alignment with previous research from

Northern Europe [15, 16, 36]. Veterinarians recognize themselves as stewards of animal wel-

fare and animal production, with the professional and, in some cases, legal responsibility to

promote the health and welfare and relieve suffering of animals and to address the animal care

needs of the client [37], and at the same time as stewards of antimicrobials and responsible to

safeguard the health and well-being of the public. This creates an ambivalent relationship with

AMS [25]. On one hand veterinarians feel the pressure to offer a solution to their clients, an

immediate improvement of health, to recover animal production, and to preserve animal wel-

fare. On the other hand, livestock veterinarians are at the center of discussions regarding

AMU in food-producing animals and its consequences for AMR in human and animal medi-

cine. In addition, veterinarians from this and other studies [38] feel that they are unfairly

blamed for AMR in people. This situation leads veterinarians to feel frustrated and stigmatized,

which may contribute to redirection to other antimicrobial prescribers and users, such as

farmers, small-animal practitioners, and human doctors and patients for inappropriate AMU

and AMR. Dairy farmers from the same region manifested similar other-blaming attitudes in

our previous qualitative study [21] and the same phenomenon has been reported in poultry

veterinarians and human medicine [39, 40]. In our work, dairy farmers and veterinarians

expressed the perception that they did not use more antimicrobials than necessary to meet

their wish and duty to support animal health and welfare. If that were always accurate, any

problem with AMU must lie elsewhere. However, blaming others makes it more difficult to

critically reflect on room for improvement in their own antimicrobial prescribing [25]. There-

fore, it is necessary to find strategies to overcome other-blaming and encourage collaborative

work between farmers and veterinarians, and between veterinary and human medicine to

fight AMR. We encourage comprehensive evaluations that attempt to quantify attributable

fractions of contributions to AMR by AMU in dairy cattle such as reported by Tang et al. [4]

to inform the urgency of behavior change by dairy farmers and veterinarians.

Some strategies and barriers to reduce AMU on dairy farms expressed by veterinarians in

this study were similar to those reported by dairy farmers from the same region in our previ-

ous study [25]. Survey respondents considered that measuring and benchmarking AMU

among dairy farms is the most effective strategy to reduce AMU, consistent with farmers in a

survey and focus groups [21, 35]. Pragmatically, benchmarking of AMU by farmers and veteri-

narians may raise awareness and increase receptivity to change. According to our unpublished

results of a pilot intervention strategy to reduce AMU on Canadian dairy farms, benchmarking

seems to be more effective among above-average users, probably because it appeals to farmers’

social desirability [41]. This was part of the “RESET model” used with legislated requirements

to reduce AMU in the Netherlands [41]. The effect of benchmarking veterinary antimicrobial

prescriptions among practitioners on farm-level antimicrobial stewardship has not been stud-

ied. However, benchmarking prescription patterns of veterinarians would allow veterinarians

to compare their prescription practices with peers, which could be useful to identify differ-

ences in and influences on prescribing habits among veterinarians [42]. It might also increase

awareness or motivate change among above-average prescribers. However, the benchmarking

strategy was not mentioned during focus groups when veterinarians were asked about their

ideas to reduce AMU. Instead, focus group participants centered their discussion of AMU

reduction on the appropriate diagnosis of diseases and improving biosecurity and manage-

ment to reduce the incidence of infectious diseases. Veterinarians are the main resource for

health management, indicating that there is scope to increase their engagement in preventive

medicine to improve animal health and reduce AMU on dairy farms. Improved dairy farm

biosecurity was associated with reduced AMU in a study in the United States [43]. Similarly,
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management strategies directed to reduce the incidence of reproductive, calf, and udder dis-

eases reduced AMU on dairy farms in Switzerland [44]. Both veterinarians and farmers identi-

fied reviewing protocols for common diseases as a way to improve current AMU [21, 35]. This

strategy facilitates good communication and trust-building between veterinarians and farmers.

One experimental study found that veterinarians who feel confident in their relationship with

their clients were more likely to engage in responsible antimicrobial prescribing and more

likely to challenge their clients’ pressure for antimicrobial prescribing [16]. Collaborative

approaches between veterinarians and their clients have been shown to be effective at reducing

the use of critically important antimicrobials while maintaining dairy cattle health and welfare

[45]. We encourage the incorporation of this collaborative approach in the development of

AMS programs in the Canadian dairy industry.

We also identified barriers to improved AMS shared between dairy cattle veterinarians

and farmers. One of these was the unavailability of timely diagnostic laboratory services for

microbiological culture and susceptibility tests. More than a third of the survey respondents

indicated not having performed a microbiological culture and susceptibility analysis in the

last year. This can be a barrier for AMS, and it has been reported in previous studies from

Australia, India, the UK, and Canada [25, 46, 47]. Additional training of veterinarians and

farmers regarding on-farm or in-clinic culture for clinical mastitis treatment decisions [48]

and development of rapid tests of common diseases (e.g., viral vs. bacterial respiratory dis-

ease, or viral or parasitic vs. bacterial diarrhea in calves) should be part of an AMS strategy.

Although veterinarians from the UK recognized the potential of rapid and point-of-care

diagnostic tests in contributing to reduced AMU, they also expressed concerns about its

accuracy and questioned the impact of using these tests on the flow of diagnostic and disease

surveillance if it is performed by many different actors [49]. Additional research on accurate

and rapid tests and the optimal way to apply these may refine and reduce AMU. Progress can

also be made by implementing existing best practices based on simple diagnostic criteria and

decision supports [50].

In this study, dairy cattle veterinarians manifested frustration that farmers would attempt

different antimicrobial therapies before veterinary consultation and considered this practice

problematic. Our previous research [35] indicates that farmers value their ability to take good

care of their animals and to rely on their experience and observations, which may explain their

inclination to treat cattle before contacting their veterinarian. In addition, dairy farmers

reported that difficulty in prompt communication, not cost, was the main barrier to contacting

the veterinarian more frequently [35]. Because consultation for every case of mild or moderate

illness is not always feasible due to veterinarians’ availability, ease or timeliness of communica-

tion, and current compensation models for veterinary services, it is necessary to establish a col-

laborative approach between veterinarians and farmers to develop usable protocols to improve

AMS on Canadian dairy farms. Importantly, dairy farmers considered that it is sometimes dif-

ficult to communicate with their veterinarians due to technical language or unclear or incon-

sistent messaging [21, 35]. A Canadian study on dairy farmers’ satisfaction with veterinary

advisors found a negative association between the ratio of talk (i.e., total veterinary talk com-

pared with total farmer talk) and farmer satisfaction, indicating an opportunity to improve

communication with farmers. It is important to recognize this barrier and to establish good

communication between veterinarians and farmers to optimize AMU. Training communica-

tion with farmers is possible and must be part of antimicrobial stewardship strategies. Veteri-

narians showed more empathic and evocative communication style, with better abilities to

foster collaboration and power-sharing and more explicit verbal efforts to seize farmers’ per-

spectives, experiences and emotions after five hours of communication training based on

motivational interviewing in the UK [51].
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Less than 10% of survey respondents and none of the focus group participants considered

that implementing regulations would be an effective way to reduce AMU on Canadian dairy

farms. In the province of Quebec, the use of category one antimicrobials (i.e., 3rd and 4th gen-

eration cephalosporins, fluoroquinolones, and polymyxin) in food-producing animals, has

been restricted to clinical cases that are not treatable with an antimicrobial of a lower impor-

tance category [52]. A recent study reported a significant decrease in sales of category one anti-

microbials following the implementation of the regulation [53], indicating that it is an effective

measure to reduce AMU. However, this situation has created significant challenges for pro-

ducers and veterinarians [54]. The lack of access to intramammary antimicrobials other than

category one is an important barrier to reducing further AMU in this category [54]. Even

though the number of marketed antimicrobial products is external to the government, it illus-

trates a dissonance between what the regulation intends and the real-life situation for the dairy

industry. Additional measures to support access to treatment options in food-producing ani-

mals other than category one antimicrobials is a key action to improve AMS in Canada.

5.1 Limitations

We acknowledge that our survey had a relatively low response rate (16%). This is a frequent

phenomenon when surveys are distributed electronically. Recent online veterinary surveys

have had limited response rates [55, 56], which has been related to a general decrease in volun-

tarism in research due to lack of time, digital burnout, and the inability to contact participants

directly due to ethics board requirements and data privacy [57]. However, responses from

focus groups bear out most of the survey outcomes, which supports the survey responses. In

addition, as with most surveys and focus groups, this study is subject to social desirability and

self-selection bias. Nonetheless, many focus group participants shared some practices they said

they were not proud of, indicating that veterinarians were willing to give honest responses.

Qualitative studies are not intended to generalize results. Instead, they provide more in-depth

insights into understanding, perspectives, and social meanings of a specific topic [43]. We con-

sider that results from this study could inform the development of AMS programs, taking into

account the complex role of veterinarians in responsible AMU.

We conclude that the role and positionality of veterinarians are highly influential in antimi-

crobial prescribing decisions. It is likely that targeted interventions for different demographic

groups of veterinarians are needed to improve AMS, rather than a single and general program

due to different states of awareness and risk aversion by gender, age, years of experience, and

role in the veterinary clinic. We consider that there is opportunity to improve AMS on Cana-

dian dairy farms by improving veterinarians’ awareness of mechanisms of development and

transmission of AMR beyond the animal and farm treated with antimicrobials, collaborative

review of disease treatment protocols with dairy farmers, and additional involvement of veteri-

narians in preventive medicine on farms.
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23. Fischer K, Sjöström K, Stiernström A, Emanuelson U. Dairy farmers’ perspectives on antibiotic use: A

qualitative study. Journal of dairy science. 2019; 102(3):2724–37. https://doi.org/10.3168/jds.2018-

15015 PMID: 30612802

24. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Disk and Dilution

Susceptibility Tests for Bacteria Isolated From Animals. 5th ed. CLSI supplement VET01S. Wayne,

Pennsylvania USA 2020.

25. Golding SE, Ogden J, Higgins HM. Shared Goals, Different Barriers: A Qualitative Study of UK Veteri-

narians’ and Farmers’ Beliefs About Antimicrobial Resistance and Stewardship. Frontiers in veterinary

science. 2019; 6:132. https://doi.org/10.3389/fvets.2019.00132 PMID: 31106216

26. Tonkin-Crine S, Yardley L, Little P. Antibiotic prescribing for acute respiratory tract infections in primary

care: a systematic review and meta-ethnography. Journal of Antimicrobial Chemotherapy. 2011; 66

(10):2215–23. https://doi.org/10.1093/jac/dkr279 PMID: 21764827

27. Saini V, McClure JT, Leger D, Keefe GP, Scholl DT, Morck DW, et al. Antimicrobial resistance profiles

of common mastitis pathogens on Canadian dairy farms. Journal of dairy science. 2012; 95(8):4319–

32. https://doi.org/10.3168/jds.2012-5373 PMID: 22818446

28. Uyama T, Renaud D, LeBlanc S, McClure J, Slavic D, Winder C, et al. Observational study on antimicro-

bial resistance in Escherichia coli and Salmonella isolates from Ontario calf samples submitted to a

diagnostic laboratory from 2007 to 2020. The Canadian veterinary journal. 2022; 63(3):260–8. PMID:

35237012

29. Massé J, Lardé H, Fairbrother JM, Roy J-P, Francoz D, Dufour S, et al. Prevalence of Antimicrobial

Resistance and Characteristics of Escherichia coli Isolates From Fecal and Manure Pit Samples on
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study. Frontiers in veterinary science. 2023; 10.

55. Hagley SP, Kruppert A, Leal RO, Pizarro Del Valle JC, Iannucci C, Hennink I, et al. Self-Reported Clini-

cal Practice of Small Animal Cardiopulmonary Resuscitation and Compliance With RECOVER Guide-

lines Among Veterinarians in Eight Western European Regions. Frontiers in veterinary science. 2022;

9:919206. https://doi.org/10.3389/fvets.2022.919206 PMID: 35937302

56. Neill CL, Hansen CR, Salois M. The Economic Cost of Burnout in Veterinary Medicine. Frontiers in vet-

erinary science. 2022; 9:814104-. https://doi.org/10.3389/fvets.2022.814104 PMID: 35280150

57. Morton SM, Bandara DK, Robinson EM, Carr PE. In the 21st Century, what is an acceptable response

rate? Aust N Z J Public Health. 2012; 36(2):106–8. https://doi.org/10.1111/j.1753-6405.2012.00854.x

PMID: 22487341

PLOS ONE Perspectives on dairy cattle veterinarians’ antimicrobial prescribing and antimicrobial resistance

PLOS ONE | https://doi.org/10.1371/journal.pone.0289415 July 27, 2023 20 / 20

http://www.ncbi.nlm.nih.gov/pubmed/32020942
https://doi.org/10.1111/zph.12929
https://doi.org/10.1111/zph.12929
http://www.ncbi.nlm.nih.gov/pubmed/35199952
https://doi.org/10.3389/fvets.2022.919206
http://www.ncbi.nlm.nih.gov/pubmed/35937302
https://doi.org/10.3389/fvets.2022.814104
http://www.ncbi.nlm.nih.gov/pubmed/35280150
https://doi.org/10.1111/j.1753-6405.2012.00854.x
http://www.ncbi.nlm.nih.gov/pubmed/22487341
https://doi.org/10.1371/journal.pone.0289415

