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ABSTRACT This study aimed to describe the percep-
tion of veterinarians who work with commercial laying
hens in the state of Rio Grande do Sul, Brazil, regarding
the use of antibiotics and their possible impacts on ani-
mal, human, and environmental health. A descriptive
epidemiological study was carried out through face-to-
face or web conferencing interviews with the veterinar-
ians that provide technical assistance at commercial lay-
ing hen operations. A standardized and structured
questionnaire was developed based on the literature and
expert opinion, which contained 1 opened and 40 closed
questions. Conventional non-probabilistic sampling was
used, based on an initial list of 15 veterinarians regis-
tered in the Poultry Production Association of Rio
Grande do Sul, followed by the snowball technique. The
acquisition of 26 contacts of veterinarians was accom-
plished, and 16 were interviewed. Through the answers
obtained it was possible to verify that the interviewees'
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understanding regarding both the antibiotic resistance
impact and the decision-making about the use of antibi-
otics seem to be linked to their practical experiences.
Besides that, according to the veterinarians, farmers can
acquire and administer the antimicrobials on their
farms. Moreover, both farm storage and administration
of lower doses of antibiotics than the recommended one
could be contributing factors to resistant bacteria selec-
tion. Furthermore, controversially, the professionals
believed that resistant bacteria can be transmitted to
humans from eggs, but they said that there are no bacte-
ria in eggs. Therefore, the veterinarians�practices can be
improved considering national and international guide-
lines on antimicrobial resistance to minimize the devel-
opment of resistance. Finally, it is expected that the
present results will contribute to a more complex discus-
sion about antimicrobial resistance, helping to formulate
public policies in the egg production industry.
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INTRODUCTION

Infections with antimicrobial-resistant (AMR) bacte-
ria cause numerous deaths in the human population
each year (O’Neill, 2016; OECD, 2018; Cassini et al.,
2019). The lack of new antimicrobials able to tackle
resistant bacteria and the increasing prevalence of multi-
drug-resistant pathogens allow foreseeing that AMR
may constitute a main threat to human health in the
coming years (O’Neill, 2016).
In this scenario, the use of antimicrobials in food ani-
mals has gained a great deal of attention worldwide, par-
ticularly regarding the class of drugs that are medically
important (Ma et al., 2021). Misuse and overuse of anti-
microbials lead to increased selection pressure, which
contributes to the emergence of resistant bacteria colo-
nizing humans as well as to the transfer of resistance
genes within the pathogenic and commensal microbiota
(Ma et al., 2021).
Brazil is a well-recognized global player in poultry

production, ranking as the third-largest poultry meat
producer (ABPA, 2021). Although egg production
plays a less important role in Brazilian exportations,
the domestic consumption has been increasing in the
last years, reaching 251 eggs per capita in 2020. To
meet this demand, approximately 118.5 million laying
hens were housed in the commercial production
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system in 2019 (ABPA, 2021). The southern and
southwestern regions contribute with two-thirds of
egg production in Brazil, predominantly from caged
hens. However, the stock density of caged hens has
implications on the production, welfare, and spread
of diseases (Weimer et al., 2019). The latter factor in
turn may be a driver for enhancing the prophylactic,
metaphylactic, and therapeutic use of antimicrobials
during the production cycle, which contributes to the
selection pressure towards antimicrobial resistance.
Several studies have reported antimicrobial resistance
in commensal and pathogenic bacteria isolated from
laying hens, demonstrating that selection pressure is
present within the production systems (Kim et al.,
2019; Moreno et al., 2019; Seo and Lee, 2019;
Seo et al., 2020; Rivera-Gomis et al., 2021).

Veterinarians play a key role in antimicrobial pre-
scription and use in animals (World Organization for
Animal Health, 2015). A greater understanding of their
beliefs and knowledge about antimicrobial use and
AMRmight provide insight into their prescribing behav-
iors and help to develop policies and strategies aiming at
reducing antimicrobial use. Several studies carried out
with veterinarians working in food animal production
have resulted in highly variable outcomes; production
type, professional experience, and country seem to influ-
ence these outcomes (Norris et al., 2019; Truong et al.,
2019; Llanos-Soto et al., 2021; Padda et al., 2021). It is
noteworthy that only few studies have targeted veteri-
narians working in poultry production, especially in egg
production (Adam et al., 2019; Imam et al., 2020;
Taylor et al., 2020). In Brazil, although antimicrobial
resistance is recognized as an important matter, and a
national program targeting antimicrobial use and AMR
in food animal production has been launched (Bra-
zil, 2018), there are still gaps in monitoring and knowl-
edge that need to be addressed (Roth et al., 2019). To
the best of our knowledge, so far, no study has been con-
ducted on veterinarians’ perceptions about antimicro-
bial use and AMR in Brazil.

In this context, the present study aimed to describe
the perceptions and knowledge of veterinarians working
in the commercial table egg layer industry about the use
of antimicrobials and the impact of AMR on animal,
human, and environmental health.
MATERIALS AND METHODS

Study Design, Target Population and
Sampling Procedure

A descriptive epidemiological study with a conven-
tional non-probabilistic sampling frame (Dohoo et al.,
2014) was conducted between March 2020 and June
2021 in Rio Grande do Sul state, southern Brazil.
According to Brazilian law, every commercial egg laying
poultry farm must hire a veterinarian in charge of ensur-
ing animal health and welfare and providing guidance
on public health issues (Brazil, 1968). During the ana-
lyzed period, the state of Rio Grande do Sul had
approximately 100 veterinarians registered in the State
Department for Agriculture, Livestock, and Rural
Development (SEAPDR) as health manager in com-
mercial egg laying farms. Since personal information of
these veterinarians could not be disclosed by SEAPDR,
the e-mail addresses and phone numbers of the veteri-
narians were obtained among the members of the Poul-
try Production Association of Rio Grande do Sul
(ASGAV). Thus, the source population was composed
of 15 veterinarians currently working with commercial
egg laying poultry and members of the ASGAV. Initial
contact was made by e-mail, presenting the study and
inviting them to participate. To increase the number of
interviewees, the snowball technique was used
(Naderifar et al., 2017), in which the veterinarians will-
ing to participate in the study provided contact informa-
tion of other veterinarians compatible with the study
profile. Eventually, 26 invitations to participate in the
study were sent by electronic mail. The study was
approved by the Research Ethics Committee of the
Federal University of Rio Grande do Sul (CAAE
41648620.4.0000.5347).
Questionnaire Design and Data Collection

A standardized and structured questionnaire
(Supplementary Table 1) was developed based on the
literature and opinions of experts (3 microbiologists
and 1 epidemiologist). The questionnaire encom-
passed 1 open question and 40 closed ones; among
these, 7 could be answered openly. The closed ques-
tions were composed of Likert scale answers (strongly
disagree, disagree, neutral, agree, strongly agree),
checklists, and multiple-choice answers, which are
generally easier to be answered and coded in data-
bases (Dohoo et al., 2014).
In the questionnaire, five major groups of questions

were asked, namely sociodemographic characteristics,
knowledge about antibiotics use in the production of
eggs, knowledge about possible routes for the dissemina-
tion of resistant bacteria, identification of factors that
influence antibiotics use in animals, and the existence of
alternative methods to the use of antibiotics.
The questionnaire was prepared in the target-popula-

tion native language (Portuguese), applied by a single
and trained researcher (M.C.T.), and submitted to pre-
test with 3 veterinarians working in the commercial egg
laying industry. Through the pre-test, it was possible to
identify and eliminate inconsistencies to achieve better
data quality.
The questionnaire was applied through interviews

over video conference or face-to-face. At the beginning
of the interview, the respondents were informed about
the research objectives and were asked to express their
consent to participate in the study by signing the
informed consent form. In this consenting form, they
were informed about their voluntary participation, con-
fidentiality of responses, and the possibility of withdraw-
ing from the study at any time.



Table 1. Demographics information of veterinarians interviewed.

Demographic
Veterinarians

(n1)

Sex Male 12
Female 4

Age Median (range) 49.5 (28−73) yrs
<30 yrs 1
30−40 yrs 4
41−50 yrs 4
>50 yrs 7

Total years working in
the egg production

< 1yr 1

1−5 yrs 3
6−10 yrs 3
>10 yrs 9

Number of farms under
the veterinarian tech-
nical supervision

Median (range) 5.5 (1−60)

<5 farms 7
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Data Management and Analysis

The participants' responses were initially summarized
in Microsoft Excel 7 (Microsoft Corporation, Redmond,
WA) spreadsheets. The open questions and the ques-
tions with the possibility of complementation were
transcribed into a Microsoft Word 7 (Microsoft Corpora-
tion) file. Analyses of the distribution of responses on the
Likert scale were performed using Microsoft Excel 7
(Microsoft Corporation), and the narratives were evalu-
ated by searching for the most cited terms of the
respondents through Nvivo 12 (QRS International, Mel-
bourne, Australia). The QGis Desktop 3.8.3 software
was used to build the map depicting the location of the
egg farms under the supervision of the interviewed veter-
inarians.
5−20 farms 6
20−40 farms 2
>40 farms 1

1Number of respondents, from a total of 16 veterinarians.
RESULTS

Sociodemographic Data

Sixteen veterinarians (61.5% of the invited) working
in commercial egg farms agreed to participate in the
interviews and answer the questionnaire. The inter-
viewed veterinarians provided technical assistance to
167 egg farms, in which approximately 16,940,000 laying
hens were housed. The farms were located in the
Figure 1. Geographical illustration of the regions covered by the study
Rio Grande do Sul. The image in the center is the Rio Grande do Sul and in g
Northwest, Northeast, and Mideast regions of Rio
Grande do Sul and in the metropolitan region of its capi-
tal Porto Alegre (Figure 1). The typical interviewee as a
male veterinarian, between 30 and 50 years old, practic-
ing for 10 or more years, and in charge for up to 20 egg
farms (Table 1).
. In the upper right corner is represented Brazil, and in gray the state of
ray the regions covered by the study.
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Factors Influencing Antibiotic use

This issue was targeted by 4 Likert scale questions and
one open question. When asked about the choice of the
antibiotic to be used (Figure 2), the majority of the
respondents agreed or strongly agreed that the presence
of clinical signs (14 of 16) and the veterinarian experi-
ence (13 of 16) are key factors for the decision. The cost
of the antibiotic was not a consistent factor pointed out
in the answers; while half of the respondents agreed with
this criterion, the other half disagreed or strongly dis-
agreed with it. Noteworthy was the answer about the
need of performing antimicrobial resistance testing
(antibiogram) prior to the antibiotic choice, since the
great majority agreed (9 of 16) and even strongly agreed
(3 of 16) that the antibiotic choice decision is made with-
out the result of antimicrobial resistance testing. These
perceptions are also displayed in the open question
(“Which factors are key factors for the administration of
antibiotics?”). All respondents mentioned one or more of
the following factors: mortality of animals, clinical signs,
drop in egg production, and salmonellosis. Increased
antimicrobial use was referred to occur from d 1 to
approximately 18 wk of life. A veterinarian working for
more than 10 yr in egg production stated: “After the
appearance of symptoms in the animals, sometimes only
antibiotic administration is capable of controlling the
problem”. Another veterinary with a similar experience
in the field added: “If the use of antibiotics is required,
mortality and delayed growth are already causing
Figure 2. Questions and answers related to factors that influence and
Presentation of the questions and the respective number of answers (total of
neutral, agree, strongly agree).
economic losses. Therefore, the focus should be the pre-
vention of diseases”.
Perceptions About the way Antibiotics are
Used in Commercial Laying Chickens

The use of antibiotics was targeted in single and multi-
ple-choice questions and Likert scale questions, with the
possibility of adding comments. The answers to the single
and multiple-choice questions showed that the veterinar-
ian was the one in charge to treat sick animals (Table 2).
Again, the criterion of antibiotic use when clinical signs
are detected was mentioned by most respondents; in addi-
tion, most respondents stated that in these occasions,
antibiotics are given to all animals housed in the barn,
despite their health status. Moreover, most interviewees
reported that the veterinarian carries out antibiotic pre-
scription and dosage setting in accordance with the rec-
ommendations of the manufacturer (Table 2).
TaggedPRegarding the protocol of antimicrobial use (Figure 2),

most respondents agreed or strongly agreed that the
antibiotic withdrawal period should be respected before
the commercialization of eggs. In addition, most (10 of
16) disagreed or strongly disagreed that antibiotics
administration should be discontinued as soon as the
animals’ health improves. Following the manufacturer�s
recommendations was mentioned as an adequate prac-
tice by several interviewees. Only one respondent
declared that “the remission of clinical signs should
the use of antibiotics in the egg production in Rio Grande do Sul state.
16) referring to each level of the Likert scale (strongly disagree, disagree,



Table 2. Multiple choice questions and answers about use of
antibiotics in egg production in Rio Grande do Sul state, Brazil.

Question

Veterinarians’
answers
(n1)

Main responsible for attending sick animals
� Private practice veterinarian 7
� Veterinarian working for pharmaceutical
companies

1

� Poultry veterinarian 12
� Farmer 3
� Inspection veterinarians 0
� Animal technician 3

Antibiotics are used
� Always or frequently in feed to keep ani-
mals healthy and prevent disease

0

� For all chickens in a barn when some are
sick

11

� Only in sick animals 4
� I don’t know 0

The use of antibiotics in sick animals occurs
� Following the antibiotic manufacturer’s
instructions

9

� Following the veterinarian’s instructions 12
� One single dose 0
� Single daily dose until recovery 3

Objective of antibiotic use in the production
of table eggs
� Treatment of infections 14
� Infection prevention 1
� Growth promotion 1

Antibiotics are purchased from
� Veterinary pharmacies 8
� Human pharmacies 0
� Pharmaceutical distributors 13
� Private veterinarian 3
� Provided by other farmers 1
� Provided by the poultry veterinarian 4

Antibiotics are usually administered to laying
hens by
� Veterinarians 3
� Farm employee 8
� Farmer 11

The dose of antibiotic administered to the
animals is determined by
�Manufacturer’s guidelines 10
� Private veterinarian 6
� Veterinarian from pharmaceutical
supplier

8

� Poultry veterinarian 13
� Arbitrarily 0
� I don’t know 0

Antibiotics are mostly administered
� In water 15
� In feed 12
� Intramuscularly 6
� On the skin 0

1Number of respondents, from a total of 16 veterinarians.
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result in stopping antibiotic administration, since this
procedure will diminish drug residues”.

Although the presence of clinical signs was considered
an important criterion for antimicrobial use, the great
majority of the respondents (13 of 16) disagreed or
strongly disagreed that any sick animal should receive
antibiotics. They pointed out that viruses or molds cause
some diseases, which do not respond to antibiotics. The
adoption of other measures, such as disinfection, organic
acids, and probiotics, were mentioned as more efficient
in some cases. One respondent working for more than
10 yr on egg farms stated that “antimicrobial use has
turned to be more prudent in the last years, and the eval-
uation of the disease severity has been playing a role in
the decision”.
When asked if there was a possibility that the admin-

istered antibiotic doses may be higher or lower than
those recommended in the label, the interviewees pro-
vided different answers, demonstrating that there is no
consensus about this matter. However, the majority
declared that these are rare events or happen only on
few occasions (Figure 3).
About the common practice of obtaining and storing

antibiotics, most (13 of 16) respondents declared that
antibiotics are purchased from pharma industry suppli-
ers, and the administration doses are set according to
the manufacturer recommendation and by the veterinar-
ians; however, the administration itself is done by the
farmers. The antibiotics are usually administered in feed
or water (Table 2). However, most respondents (11 of
16) agreed or strongly agreed that the scenario in which
antibiotics are purchased without a veterinarian pre-
scription occurs. The storage of antibiotics in the farms
resulted in different opinions; half of the respondents
agreed while the other half disagreed with this practice.
The respondents that agreed with the practice justify
their opinion by the necessity of a rapid start of treat-
ment to avoid greater losses; those that disagreed
pointed out the hazard of inadequate or unnecessary
administration performed single-handedly by the
farmer.
Nine respondents reported disease problems in the last

production cycle in farms under their supervision.
Among them, five reported the use of antibiotics such as
gentamicin, amoxicillin, bacitracin, and quinolone.
Based on the respondents�answers, the top 5 antibiotics
administered to laying hens were tiamulin, b-lactams
(penicillins), bacitracin, fluoroquinolones, and macro-
lides (Figure 4).
Knowledge About the Dissemination of
Resistant Bacteria

The knowledge about resistance was targeted by 1
opened question and 14 closed questions. Among them,
8 used Likert scale answers, 5 were multiple choice, and
one was single choice (yes/no). The first questions were
related to the respondents’ knowledge about the exis-
tence of resistant bacteria. In this regard, all agreed that
there are resistant bacteria colonizing the laying hens,
while most (11 of 16) disagreed that they are present in
eggs (Figure 2). The respondents were consistent in
pointing out that resistant bacteria in laying hens are a
cause of treatment failure, longer periods of illness, and
higher economic losses. They also stated that the infec-
tion by resistant bacteria in humans may result in the
same consequences listed for laying hens in terms of
treatment failure and costs (Table 3). The majority (11
of 16) agreed or strongly agreed that resistant bacteria
present in commercial egg production can be transmit-
ted to humans, but four respondents declared that they



Figure 3. Frequency of the interviewees access to information of antibiotic resistance and interviewees practices of antibiotic dosage. Presenta-
tion of the questions and the respective number of answers (total of 16) referring to each level of the Likert scale (rarely, few times, neutral, some-
times, commonly).

Figure 4. Antibiotics used in egg production in Rio Grande do Sul state, Brazil.
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are not transmitted. The mentioned ways of transmis-
sion were through meat and egg consumption and to
workers in contact with the poultry (Table 3). On the
contrary, the importance to human health of releasing
resistant bacteria in the environment was not a consen-
sus. Half agreed or strongly agreed that this event is rele-
vant, and the other half disagreed or strongly disagreed.
The majority (10 of 16) of the respondents declared that
they had been informed about the topic of antimicrobial
resistance in animal production but rarely or only on a
few occasions about resistance in human medicine. Anti-
microbial resistance is a topic commonly addressed in
scientific and technical events, according to half of the
respondents (Figure 3). However, they frequently
expressed their doubts regarding the current legislation
and the information material produced by the Ministry
for Agriculture, Livestock, and Food Supply (Table 3).
On the last 2 questions of this session, the respondents
were asked if they were aware of which antimicrobials
are classified as critically important to human health
and about their opinions on their use in animal pro-
duction. Only 9 respondents declared to know the
meaning of this classification. Considering the opinions
of all respondents, 8 assumed that critically important
antimicrobials should not be used in animal produc-
tion or be used with utmost care and as a last resort.
However, different opinions were also found; an inter-
viewee with less than 1 yr experience in the egg indus-
try stated that “withdrawing antimicrobials from
animal production had no effect on the resistance pro-
file of bacteria. The restriction on use should encom-
pass human medicine as well”. In addition, another



Table 3. Multiple choice questions and answers about pathways
for dissemination of resistant bacteria in Rio Grande do Sul state,
Brazil.

Question

Veterinarians’
answers
(n1)

Effects of antibiotic-resistant bacteria in com-
mercial laying hens
� Non-response to treatment 16
� Extra costs for treatment 11
� Longer duration of illness and treatment 11
� None 0
� I don’t know 0

Antibiotic residues present in laying poultry
can be transmitted to humans through
� Consumption of contaminated meat 7
� Consumption of contaminated eggs 10
� Contact of farmers/employees with
animals

2

� Contact with contaminated environ-
ment/instruments

2

� There is no transmission 4
� I don’t know 2

Antibiotic-resistant bacteria present in laying
poultry can be transmitted to humans
through
� Consumption of contaminated meat 6
� Consumption of contaminated eggs 10
� Contact of farmers/employees with
animals

6

� Contact with contaminated environ-
ment/instruments

6

� There is no transmission 4
� I don’t know 0

Possible effects of the presence of resistant
bacteria on humans
� Non-response to treatment 15
� Extra costs for treatment 10
� Longer duration of illness and treatment 12
� None 1
� I don’t know 0

Sources of information on antibiotic resis-
tance that you have consulted
� Current legislation 12
� National Action Plan for Prevention and
Control of Antibiotic Resistance in Brazil
(PanBR)

6

� National Program for the Prevention and
Control of Antibiotic Resistance in Agri-
culture (AgroPrevine)

2

� Technical publications of the Ministry of
Agriculture, Livestock and Supply
(MAPA)

13

� None 0
� Other 11
1Number of respondents, from a total of 16 veterinarians.
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interviewee with more than 10 yr of experience in the
field declared “if the antibiotic is approved by the Bra-
zilian authorities, it can be used”.
Knowledge About Alternative Methods to
Using Antibiotics

When asked whether the use of alternative methods to
the use of antibiotics is economically viable for egg pro-
duction, 4 respondents agreed and 10 strongly agreed.
Subsequently, the respondents were asked to describe
which method or practice would contribute to reducing
the use of antibiotics in the production of eggs for human
consumption. The most cited methods or practices were
improvement of management and biosecurity (n = 6),
disinfection (n = 7), vaccination (n = 7), and the use of
alternative products such as prebiotics, probiotics,
essential oils, and organic acids (n = 12).
DISCUSSION

The present study shows that veterinarians have a
direct influence on the way antimicrobials are used in
the egg production in Rio Grande do Sul, Southern Bra-
zil. In this scenario, veterinarians need to be part of
building the understanding of AMR and in the search
for solutions (World Health Organization, 2015;
Aenishaenslin et al., 2019; Bordier et al., 2020). In this
regard, successful initiatives to reduce the use of antimi-
crobials in livestock production have been linked to the
awareness of the factors that lead to the prescription of
antimicrobials and the perceptions of veterinarians
about the drivers toward resistance (Zhuo et al., 2018;
Norris et al., 2019; Truong et al., 2019; Taylor et al.,
2020; Padda et al., 2021).
In this study, 2 aspects were highlighted as drivers for

antimicrobial use: the need for a quick decision in view
of the clinical symptoms detected in the flock and the
veterinarian�s experience as the parameter for antimicro-
bial prescription associated with the manufacturer's
guidelines. Among the reasons considered as requiring a
quick decision, the occurrence of mortality in the flock
was the most frequently cited one, followed by the pres-
ence of clinical signs with potential to cause mortality or
a drop in egg production. The presence of clinical signs
and increased mortality stand out as the main factors
for the use of antibiotics in previous studies related to
poultry production (Adam et al., 2019, 2020;
Imam et al., 2020) and other livestock species
(Norris et al., 2019; Imam et al., 2020), indicating that
the worry about economic losses is an important driver
for the use of antimicrobials. Among the diseases that
lead to the use of antimicrobials, those related to the
respiratory and gastrointestinal tracts were the most fre-
quently mentioned ones in the above studies, as well as
those listed by the interviewees in our study. In other
words, infectious diseases with high transmissibility in
intensively farmed flocks, which lead to prompt eco-
nomic losses without rapid intervention, seem to be
important drivers for antimicrobial use. This factor jus-
tifies the respondents' concern to make a quick decision
regarding treatment, which leads to basing the choice of
antimicrobials on the veterinarian’s experience.
The prioritization of the professional’s experience

instead of a decision based on investigation of both the
disease causes and the results of antimicrobial resistance
testing has also appeared in other studies. In this sense,
the costs of such procedures and, mainly, the lack of
accessibility to microbiological diagnostic services were
mentioned as major bottlenecks (Norris et al., 2019;
Adam et al., 2020; Padda et al., 2021). For instance,
Bour�ely et al. (2018) pointed out that the lack of prox-
imity between farms and diagnostic laboratories
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represents a delay factor in obtaining results and a rea-
son for not performing antimicrobial resistance testing.
To avoid this problem, actions such as keeping recent
records of diseases that have affected the herd or flock,
the antibiotics used in previous production cycles, and
the resistance profiles of bacteria promoting previous
outbreaks were mentioned as practices that can help in
quick decision-making based on experience, albeit within
a concept of the prudent use of antibiotics (Adam et al.,
2020; World Organization for Animal Health, 2020).

The need for a prompt decision on the implementation
of antimicrobial therapy to mitigate economic losses may
have also contributed to the opinion of half of the inter-
viewees about the importance of keeping a stock of antibi-
otics at the farm, as well as to the perception that farmers
sometimes acquire antimicrobials “over the counter”. Both
cases can lead to the inappropriate and excessive use of
antimicrobials since it is highly possible that farmers
choose the antimicrobials or use them without any scien-
tific criteria or even for fear of onset of infectious diseases,
as reported in other studies (Rees et al., 2019;
Truong et al., 2019; Imam et al., 2020). Notably, the sell-
ing of antibiotics in veterinarian stores, without a veteri-
narian's prescription, is a practice that ought to be banned
in Brazil, as it has occurred in other countries (European
Surveillance of Veterinary Antimicrobial Consumption).
In Brazil, since 2011, antimicrobials used for human treat-
ment outside the hospital setting have been only pur-
chased with medical prescriptions, which are retained at
the pharmacy (Brazil, 2011). This practice has resulted in
reductions in the use of antibiotics and in their more pru-
dent use in human medicine (Sampaio et al., 2018;
Lima et al., 2019). Thus, the adoption of similar policies in
livestock, poultry, and companion animals may contrib-
ute to tackle the problem of overuse and misuse of antimi-
crobials.

The concern of uncontrolled antibiotics use takes on
even greater importance when it is verified that, accord-
ing to the practice of the interviewees, among the top 5
antimicrobials used in laying hens were fluoroquinolones
and macrolides, which are on the list of antimicrobials
considered critically important in human medicine
(World Health Organization, 2018). Moreover, although
veterinarians declared that they used antibiotics follow-
ing the dosage and treatment length recommended by
the manufacturer's guidelines, they admitted that
underdosing may occur. Even though not mentioned by
the interviewees, underdosing may be associated with
failures in the administration of antimicrobials, which is
routinely done by the farmers, according to the inter-
viewees' responses. To circumvent this problem, training
farmers in good antimicrobial use practices should be
considered since underdosing is one important driver for
the emergence of resistant bacterial strains (Li et al.,
2017). In summary, farmers and veterinarians must be
aware that one of the most important factors in prevent-
ing the development of bacterial resistance is the pru-
dent use of antimicrobials, which encompasses the use of
the right drug, at the recommended dose, at the right
time, and for the needed duration (Mittal et al., 2020).
Regarding the respondents' perception of AMR, sev-
eral discrepant responses were identified. On the one
hand, most respondents had the perception that there
are resistant bacteria colonizing laying hens and that
they can reach humans through the consumption of
eggs. On the other hand, the respondents pointed out
that they do not believe that resistant bacteria are pres-
ent in eggs. Furthermore, half of the respondents did not
recognize that the environmental release of resistant
bacteria and antibiotic residues from laying hen farms
could be important to the AMR issue. Due to the com-
plexity of AMR, there is consensus that a One Health
approach is necessary to tackle the AMR problem
(World Health Organization, 2015). In this sense, it is
recognized that human, animal, and environmental
health are so intertwined that the response to AMR will
need to result from collaborative efforts of stakeholders,
scientists, and professionals from different sectors
(White and Hughes, 2019).
It appears, from the perceptions of the interviewees,

that there is a lack of knowledge of the One Health
approach in relation to AMR. They reported to have
both little knowledge or access to information about
AMR in humans and considered that environmental
health plays a minor role in AMR. However, it is known
that the environment can act as a reservoir of resistant
bacteria, contributing to their maintenance and circula-
tion among strata over time (Lucia et al., 2021). For
example, the application of manure from commercial
laying hens can significantly increase the abundance of
bacterial resistance genes in soil and in the endosphere
of lettuces fertilized with this residue (Huang et al.,
2021).
Interestingly, the insights gathered in the present

study were in accordance with previous reports, in
which, while medical professionals understand that ani-
mal production is an important driver for AMR in
humans, veterinarians generally do not (Jones et al.,
2015; Zhuo et al., 2018; McKernan et al., 2021;
Padda et al., 2021). The difficulty of demonstrating the
relationship between the use of antibiotics and the pres-
ence of resistant bacteria in the environment, in addition
to their subsequent impact on human health
(Chang et al., 2014), makes it even more difficult to
understand AMR from a One Health perspective. Fur-
thermore, “blaming” or “transferring responsibility to
others” are important barriers to behavior change and
must be considered and managed when public health
policies are developed (R€uegg et al., 2017). In this case,
it is possible to assume that both human medicine pro-
fessionals and veterinarians find it difficult to define
their actual role in increasing and mitigating AMR.
Most respondents mentioned that they had already

been in contact with the topic of AMR in animals,
addressed in conferences and technical lectures, but that
information on AMR in humans was rarely included in
events. Likewise, not all respondents knew the World
Health Organization classification of antimicrobials
according to their importance to humans. At this point,
the discrepancy between perception and practice is
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evident; while half of the respondents said that critically
important antibiotics for humans should not be rou-
tinely used in animals, fluoroquinolones and macrolides
were among the top 5 antibiotics administered by them
to laying hens. These results indicate the need to expand
the information on the interaction of animal, human,
and environmental health (One Health approach) in
relation to AMR.

When the respondents were asked how they sought to
clarify doubts on antimicrobial use and AMR, the legis-
lation and information provided by the Ministry of Agri-
culture were considered important sources. In Brazil,
there are specific laws on antimicrobial use concerning
the presence of antibiotic residues in foods (Brazil, 2019;
2020a), withdrawing the use of specific antibiotics as
growth promoters (Brazil, 2003, 2004, 2005, 2009, 2012,
2016, 2020b), and the actions proposed in the National
Plan for the Prevention and Control of Antimicrobial
resistance in livestock (PAN-BR Agro; Brazil, 2018).

The existence of a legislation may have reflected the
concern of all interviewees with both the time taken to
withdraw antibiotics before the eggs were put at the
market and the fact that only the therapeutic and meta-
phylactic uses were mentioned in the responses. It is pos-
sible that the resistance monitoring actions in animal
production that are being implemented within the PAN-
BR Agro will contribute to increasing attention on
AMR among Brazilian veterinarians in the future.

Regarding the use of alternative methods to antibiotic
therapy, most of the interviewees believe that it is eco-
nomically viable to adopt some of alternatives, ranging
from improved management, the use of vaccines, and
the application of additives such as organic acids and
probiotics. In this sense, studies on alternative methods
to antibiotic therapy and the impacts on antimicrobial
use and AMR should be encouraged to provide future
scientific basis for safer adoption in egg production.
Likewise, studies that estimate the cost of decreasing
antimicrobial use and the implementation of alternative
measures need to be prioritized, as the fear that aban-
doning the use of antimicrobials (including prophylacti-
cally) could lead to economic losses is widespread among
farmers and veterinarians (Truong et al., 2019;
Imam et al., 2020; McKernan et al., 2021).

In addition, knowledge about AMR and the use of
antimicrobials should be prioritized in veterinarian
schools. As in Australia, where students increase their
knowledge about antimicrobial resistance throughout
the course (Hardefeldt et al., 2018), there is a need to
strengthen school curricula for the proper use of antibi-
otics in both companion and production animals. Gaps
between theoretical concepts and clinical applications
must be identified and corrected so that new professio-
nals can adequately use antimicrobials (Smith et al.,
2019).

Although this study provides important and new
information about the perception of veterinarians
regarding antimicrobial use and AMR in egg production
in Southern Brazil, it has some limitations. First, the
number of veterinarians accessed, among the
professionals registered in SEAPDR, was limited. Still,
there was good adherence to the invitations sent (16/
26), which may indicate the interest and willingness to
discuss the matter among veterinarians. Second, the
conduction of the study during the COVID-19 pandemic
also limited the number of face-to-face interviews, and
the questionnaires needed to be carried out remotely,
which may also have contributed to the nonadherence of
some professionals. On the other hand, the population of
respondents was made up of veterinarians with extensive
experience in the area and who had been serving a signif-
icant number on farms, qualifying the information and
insights obtained. Third, the limitation of the geo-
graphic scope of the study also leads to the results being
interpreted and applied considering veterinarians who
work in egg production in the state of Rio Grande do Sul
(Southern Brazil). Although perceptions may be shared
by veterinarians from other regions, generalizations
must be made with caution. Even so, the information
obtained in the present study will be useful for the
design of future studies and for guiding continuing edu-
cation initiatives for the target group of the study.
In conclusion, the results of the interviews indicate

that some points should be prioritized in the future. Spe-
cifically, the improvement of the diagnosis and perfor-
mance of antimicrobial resistance testing associated
with keeping records on a flock basis will contribute to
building a prudent antimicrobial use strategy, along
with the ban of antimicrobial purchasing without a vet-
erinarian prescription. Regarding the improvement of
awareness among veterinarians working in table egg pro-
duction, the need of a One Health approach to address
the AMR issue should be stressed in continuing educa-
tion and technical meetings. Specifically, the gap in the
knowledge about the role of environmental health
should be addressed.
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