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Abstract: Antimicrobial resistance (AMR) is considered one of the most prevalent global health
issues in both veterinarian and human medicine. This complex problem requires a “One Health”
approach with the cooperation of all healthcare sectors, as well as agriculture, finance, and consumers.
We conducted a survey with the objective to assess the knowledge and attitudes of farm animal
veterinarians toward AMR and antimicrobial use in the Republic of Serbia with a small focus on
mastitis therapy. A total of 110 respondents completed the questionnaire, which represents a response
rate of 27.3%. The majority of our respondents (n = 102, 92.7%) completely agreed that AMR currently
represents severe concern in the health sector. Unfortunately, less than one-third (n = 34, 30.9%) of the
respondents had only heard about antimicrobial stewardship. Participants showed a positive attitude
toward prudent antimicrobial use and were open to solutions to the AMR crisis. We noticed a certain
gap between farm veterinarians’ desire to improve and perform better in daily practice, while at the
same time feeling like they did not have enough guidance, help, and resources.

Keywords: antimicrobial stewardship; antimicrobial resistance; antimicrobial therapy; veterinarians;
mastitis; farm animals

1. Introduction

Antimicrobial resistance (AMR) is a global health threat that continues to rise in both
veterinary and human medicine [1]. The causal relationship between AMR and misuse
and/or excessive antimicrobial usage has been strongly established at this point [2,3]. Even
though failure in therapeutic procedures requiring antimicrobials in veterinary medicine
due to AMR is far less common than in human medicine, there have been well-documented
cases of resistant bacteria in animals, including their transmission to humans and vice
versa [4–9]. This means that AMR spread is a complex issue since there are many ways in
which AMR can be transferred between humans and animals, via close contact, through the
food chain, or indirectly via the environment [10,11], making a collaborative approach to
AMR under the principles of “One Health” a necessity [12,13]. This is especially important
as the antimicrobials used in human medicine are to some extent the same as those used in
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veterinary medicine [14,15], and antibiotics with critical importance for human medicine
must be avoided whenever possible.

Extensive research has been done in human medicine regarding the misuse of antimi-
crobials [16,17], while, in veterinary medicine, this type of research has only recently gained
some traction. Veterinary professionals differ in their approach to the subject depending
on the type of sector they belong to, i.e., companion animals, livestock, or wild animals.
All of them play an important role in the rational use of antibiotics (AMU). However, farm
veterinarians occupy a specific part in this system, making their knowledge and attitude
toward AMR and AMU essential for the scope of the problem itself. Furthermore, sales
of veterinary antimicrobials in 31 European countries in 2018 have shown that the overall
AMU in production animals is substantially higher compared to companion animals [18].

It is very important to obtain a better understanding of veterinarians’ prescribing
habits since they prescribe antimicrobials for prophylactic, metaphylactic, or therapeu-
tic purposes [19]. Even though this is a banned practice in Europe, in some countries
across the world, antimicrobials are also used as growth promotors [20]. It is necessary to
preserve and extend the effectiveness of known and available antimicrobial drugs with
prudent AMU. This is why we should strive to minimize the potential for AMR, while
maximizing the antimicrobial effect, especially with high-quality antimicrobial stewardship
(AMS) programs.

AMS describes all strategies and actions that can help the optimization and the rational
use of antimicrobials [21]. Since these actions, when properly applied, can help reduce
the spread of AMR, it is important to guide stewardship in the veterinary sector. This
can be implemented through monitoring of farm-level antimicrobial use [22] or increased
biosecurity [23,24] and AMR monitoring [25].

Farm animals are exposed to considerable quantities of antimicrobials [26], especially
in bovine mastitis treatment, where it can lead to the development of AMR and a decrease
in successful antibiotic therapy [27]. Moreover, they can act as an important reservoir of
AMR genes, which could be transmitted to humans through the food chain, direct animal
contact, and the environment [28].

However, the concerns about AMR require the dairy industry to reduce the use of
antibiotics. Since, in the Republic of Serbia, there are no developed guidelines for the
rational AMU in veterinary medicine, there is an urgent need for understanding the
attitude and knowledge of veterinarians toward primarily AMR, but also AMU and AMS,
as a crucial step for the design of strategies and interventions to combat this public health
threat [28]. Furthermore, the “One Health” approach is severely underdeveloped.

In the Republic of Serbia, total AMU in human medicine was found to be well above
the European average [29,30], while the data from veterinary medicine cannot be compared
with Europe. Actually, the Medicines and Medical Devices Agency of Serbia collects
and processes data from stakeholders who are obliged to keep records on the type and
quantity of veterinary medicinal products sold in the Republic of Serbia [31]. These
data are presented with ATC codes for drugs, in kg of active substance [32], without an
established information database and possibilities for more precise analysis, making it
impossible to provide more detailed insight (AMU by species or categories of animals) into
the consumption volume, regardless of formulation and package size [33]. Additionally,
a highly required extensive research in accordance with the requirements of European
Union (EU) Decision 2020/1729 [34] has never been conducted in the Republic of Serbia;
consequently, there are no relevant data on the prevalence of antimicrobial resistance or
the possibility of determining indicators for monitoring AMR of bacteria in animals. This
indicates that the situation with AMR in the veterinary sector is predominantly reliant on
veterinarians’ knowledge, consciousness, and attitudes.

Considering all the factors mentioned, and the fact that, to our knowledge, there have
not been similar articles published, the objective of this study was to assess attitudes and
knowledge regarding AMR and AMU among farm animal veterinarians in Serbia.
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2. Results
2.1. Sociodemographic Data

A total of 110 farm animal veterinarians participated in the survey. A summary of
sociodemographic data is presented in Table 1. The majority of respondents were males
(n = 92, 83.6%), while females made up 16.4% (n = 18) of respondents. There were 25.5%
of respondents who were 25–34 years old and only one participant (0.1%) over 65 years
old. Participants were of different educational levels, with 76 (69.1%) having a first degree,
six (5.5%) having a master’s degree, 14 (12.7%) having a doctorate, and 14 (12.7%) having
a specialist degree. Eighty-four respondents (76.4%) worked in the private sector, while
23.6% worked in the state sector. Of the 110 veterinarians, more than half had already
worked in practice for 6–15 years (n = 56, 50.9%) and one-third (n = 37, 33.6%) had more
than 15 years of work experience.

Table 1. Sociodemographic data.

Variable Response Frequency (n = 110) Percentage (%)

Gender Male
Female

92
18

83.6
16.4

Age group 25–34 years old 28 25.5
35–44 years old
45–54 years old
55–64 years old
>65 years old

47
19
15
1

42.7
17.3
13.6
0.9

Level of education

Doctor of veterinary medicine 76 69.1
Master of veterinary medicine 6 5.5

Doctor of medical sciences—veterinary medicine 14 12.7
Doctor of veterinary medicine—specialist 14 12.7

Type of employment Private institution
State institution

84
26

76.4
23.6

Number of years working in practice
0–5 17 15.5
6–15 56 50.9
>15 37 33.6

2.2. Significance of Bacterial Resistance to Antibiotics

A great majority of respondents (n = 80, 72.7%) had received some sort of educational
classes regarding AMU and/or AMR in the last 3 years, while 29 of them (26.4%) had no
education on the subject at all, and one participant (0.9%) had no recollection of either
happening. Many respondents used foreign or domestic guidelines when prescribing
antibiotic therapy with 32 (29.1%) using them often, 39 (35.5%) using them moderately,
and 25 (22.7%) using them rarely. Only six (5.5%) participants did not use the guidelines,
while eight (7.2%) considered that there were no good quality guidelines available. Even
so, 97 (88.2%) respondents thought that there was a need for more local guidelines, and
only seven (6.4%) thought that there was no need for them.

The respondents encountered bacterial infections resistant to antibiotic treatments in
their daily (n = 5, 4.5%), weekly (n = 28, 25.5%), or monthly (n = 31, 28.2%) practice, while
44 (40%) of them experienced those situations rarely and two (1.8%) experienced them
never (Table 2).

Twenty percent (n = 22) of respondents indicated that they had protocols for pre-
scribing antibiotics in their practice, while 80% (n = 88) did not. However, 87.3% (n = 96)
considered that those protocols should exist, while 12.7% (n = 14) disagreed. A majority
(n = 79, 71.8%) kept records of AMU, and some (n = 31, 28.2%) did not. Regarding prescrib-
ing antibiotics outside of suggested clinical indications for their usage, respondents did it
often (n = 12, 10.9%), moderately (n = 28, 25.5%), rarely (n = 47, 42.7%), or never (n = 23,
20.9%). When asked to which extent the use of antibiotics by unqualified people negatively
impacts AMR, 91.8% (n = 101) of participants considered the impact to be significant, 7.3%
(n = 8) considered it moderate, and 0.9% (n = 1) thought that there was no impact (Table 2).
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Table 2. Attitudes toward AMR.

Variable Response Frequency (n = 110) Percentage (%)

Received any education on the rational use of
antimicrobials or AMR in the last 3 years

Yes 80 72.7
No 29 26.4

Do not remember 1 0.9

Used domestic or foreign guidelines when
prescribing antibiotic therapy

Often 32 29.1
Moderately 39 35.5

Rarely 25 22.7
Never 6 5.5

There are no good guidelines 8 7.2

Thought there is a need for more local guidelines
for AMU

Yes 97 88.2
No 7 6.4

Do not know 6 5.4

Encountered ineffective antibiotic therapy for
bacterial infections

Daily 5 4.5
Weekly 28 25.5

Monthly 31 28.2
Rarely 44 40.0
Never 2 1.8

Heard of antimicrobial stewardship Yes 34 30.9
No 76 69.1

Had protocols for prescribing antibiotics in
their practice

Yes 22 20.0
No 88 80.0

Did not have protocols for AMU but thought they
should have them

Yes 96 87.3
No 14 12.7

Kept records of AMU in their practice Yes 79 71.8
No 31 28.2

Prescribed antibiotics outside of indications for
their usage

Often 12 10.9
Moderately 28 25.5

Rarely 47 42.7
Never 23 20.9

To which extent does the use of antibiotics by
unqualified people negatively impact AMR

There is no impact 1 0.9
There is a moderate impact 8 7.3
There is a significant impact 101 91.8

Conducted antibiograms (AST tests) routinely Yes 54 49.1
No 56 50.9

When asked about antimicrobial stewardship, less than one-third (n = 34, 30.9%) of
respondents knew what the term meant, while more than two-thirds (n = 76, 69.1%) had
never heard about it (Table 2). We provided the definition of AMS in the questionnaire be-
fore asking the respondents about the potential influence of implementing AMS guidelines
on various important sectors of the current AMR situation. Results suggest that only 11.2%
(n = 21) of respondents thought that the implementation of AMS would not lead to any
significant changes, while the rest assumed that it would lead to a reduction in AMR in
humans and animals and an increase in the responsible use of antibiotics (Table 3).

Table 3. The veterinarians’ opinion on the potential effect of AMS guidelines on specified subjects.

Variable Frequency (n = 110) Percentage (%)

Increase in responsible prescribing of antibiotics 67 35.6
Reduction in resistant bacteria in humans 49 26.1
Reduction in resistant bacteria in animals 51 27.1

The situation would not significantly change 21 11.2

A large number of participants considered animal products (n = 68, 38.9%) and contact
with animals (n = 33, 18.9%) to be the main sources of AMR in humans (Table 4).
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Table 4. The veterinarians’ opinion on potential exposure routes of humans to resistant bacteria.

Variable Frequency (n = 110) Percentage (%)

Animal products 68 38.9
All of the above 35 20.0

Contact with animals 33 18.9
Contact with other people 17 9.7

Environment 12 6.8
Plants 10 5.7

Participants were further asked about their opinion on the impact level of different
sectors on the development and spread of AMR. The defined sectors were “farm hygiene”
as a representation of biosecurity, “rational prescribing of AB” as a representation of
veterinary influence, and “application of AB therapy by animal owners” as a representation
of therapy application of antimicrobials by the animal owners. They thought that all of
the sectors had a great impact on AMR; however, “application of AB therapy by animal
owners” had the biggest impact values (n = 79, 71.8%), followed by “rational prescribing of
AB” (n = 77, 70%) and “farm hygiene” (n = 47, 42.7%) (Table 5).

Table 5. The impact of various sectors affecting the development and spread of AMR.

Item

Farm Hygiene Rational AB Prescribing Application of AB Therapy
by Animal Owners

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Great impact 47
42.7

77
70.0

79
71.8

Medium impact 32
29.1

25
22.7

18
16.4

Small impact 26
23.6

5
4.6

9
8.2

No impact 5
4.6

3
2.7

4
3.6

When presented with 11 alternatives to antibiotics, participants were mostly familiar
with probiotics (n = 87, 20.5%) and vaccines (n = 80, 18.9%), and least familiar with phage
therapy (n = 9, 2.1%) and nanoparticles (n = 7, 1.7%) (Table 6).

Table 6. Alternatives to antibiotics.

Variable Frequency (n = 110) Percentage (%)

Probiotics 87 20.5
Vaccines 80 18.9

Prebiotics 62 14.6
Feed enzymes 46 10.9

Immunostimulants 44 10.4
Antimicrobial peptides 24 5.7

Synbiotics 24 5.7
Bacteriocins 21 5.0

Phytocomponents 20 4.7
Phage therapy 9 2.1
Nanoparticles 7 1.7

With respect to the AB therapy itself and its influence on the development of AMR,
respondents considered that “excessive use of AB” (n = 103, 93.6%), “AB use without clear
indications” (n = 81, 73.6%), “wrong therapy length” (n = 74, 67.3%), and “low dosage of
AB” (n = 69, 62.7%) had a great impact on this issue (Table 7).
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Table 7. Antibiotic therapy influences on the development of AMR.

Item
Great Impact Medium Impact Small Impact

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Excessive use of AB 103
93.6

5
4.6

2
1.8

AB use without clear
indications (antibiograms)

81
73.6

21
19.1

8
7.3

Wrong therapy length 74
67.3

30
27.3

6
5.4

Low therapy dosage of AB 69
62.7

32
29.1

9
8.2

2.3. Veterinarians’ Prescribing Habits

When asked about the reason for prescribing antibiotics without clear indication, it
seems that the participants did it rather frequently because of the cost of tests (n = 67,
23.8%) and the lack of quick diagnostic tests (n = 61, 21.6%), followed by pressure from
animal owners (n = 47, 16.7%), prescribing habits (n = 38, 13.5%), the lack of clear guidelines
for certain diseases (n = 35, 12.4%), and insufficient education of veterinarians (n = 34,
12.1%) (Table 8).

Table 8. Reasons for prescribing antibiotics without a clear indication.

Variable Frequency (n = 110) Percentage (%)

Animal owners’ financial situation/cost of laboratory tests 67 23.8
The lack of quick diagnostic tests 61 21.6

Pressure from animal owners 47 16.7
Prescribing habits 38 13.5

The lack of clear guidelines for certain diseases 35 12.4
Insufficient education of veterinarians 34 12.1

Amongst the factors influencing them when prescribing AB, the participants pointed
to clinical symptoms (n = 78, 70.9%), antibiograms (n = 72, 65.4%), and milk withholding
period for drugs (n = 69, 62.7%) as very important. The spread of AMR amongst people
and animals also had a high status with 51.8% (n = 57) and 56.4% (n = 62) of respondents,
respectively, rating them as very important (Table 9).

Regarding antibiotic prescribing habits, it seems that the participants mostly (n = 106,
77.4%) prescribed antibiotics exclusively for therapeutic purposes (Table 10).

The application of multiple correspondence analysis (MCA) to the data describing
respondents’ opinions on rationally prescribing antibiotics shows that the first two di-
mensions (Ds) described more than 30% of data inertia (D1 = 17.00%, D2, 13,66%). The
position of recorded answers in the space defined by D1 and D2 revealed a separative
grouping, mostly in the space defined by D2. Specifically, we can notice that respondents
that considered AMR an important factor when prescribing antibiotics also never pre-
scribed them without clear indication (sensitivity tests, i.e., antibiograms)—negative part
of D2. Furthermore, in the negative part of D1, respondents that did not take AMR into
consideration and did not think that handling of antibiotics by unqualified people could
be detrimental for AMR were separately grouped, in addition to veterinarians that often
prescribed antibiotics outside their indications and did not have prescribing protocols or
collected data on AMU (Figure 1). The positive space of D1 was reserved for veterinarians
who shared the awareness of antimicrobial resistance existence.
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Table 9. Factors that influence AB prescription.

Item
Very Important Moderately Important Slightly Important Not Important

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Frequency (n = 110)
Percentage (%)

Clinical symptoms 78 23 6 3
70.9 20.9 5.4 2.7

Antibiograms 72 21 9 8
65.4 19.1 8.2 7.3

Milk withholding period for drugs 69 24 12 5
62.7 21.8 10.9 4.5

Concern over AMR spread among animals 62 34 10 4
56.4 30.9 9.1 3.6

Anamnesis
62 29 13 6

56.4 26.4 11.8 5.4

Concern over AMR spread among people 57 29 15 9
51.8 26.4 13.6 8.2

Therapy cost 55 36 8 11
50.0 32.7 7.3 10.0

AB availability 52 35 16 7
47.3 31.8 14.5 6.4

Good practice guidelines 47 39 16 8
42.7 35.4 14.5 7.3

Expectations from animal owners 46 27 19 18
41.8 24.5 17.3 16.4

Expectations from colleagues 20 31 28 31
18.2 28.2 25.4 28.2

Table 10. Prescribing habits for antibiotics.

Variable Frequency (n = 110) Percentage (%)

Exclusively for therapy 106 77.4
For prophylaxis 16 11.7

For metaphylaxis 15 10.9
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2.4. Attitudes toward AMR

Participants acknowledged that AMR is an emerging problem in both human and
veterinary medicine today with 102 (92.7%) completely agreeing, no participants completely
disagreeing, and only two (1.8%) slightly disagreeing with this. They also mostly completely
agreed (n = 99, 90.0%) that it will become an even bigger problem in the near future if
we do not act rapidly. Slightly less than half of the respondents (n = 51, 46.4%) strongly
agreed that they contributed to the spread of AMR, and 85 (77.3%) of them were completely
open to new solutions in the forms of alternatives to antibiotics if clinically proven to be
effective. The respondents also had strong opinions on over-the-counter antibiotics, with
79.1% (n = 87) of them completely agreeing it should be a prohibited practice (Table 11).

Table 11. Attitudes toward AMR.

Item

Completely
Agree

Partially
Agree

Neither Agree
nor Disagree

Slightly
Disagree Disagree

Frequency
(n = 110)

Percentage (%)

Frequency
(n = 110)

Percentage (%)

Frequency
(n = 110)

Percentage
(%)

Frequency
(n = 110)

Percentage (%)

Frequency
(n = 110)

Percentage (%)

AMR is an important problem in both
human and veterinary medicine

102
92.7

4
3.7

2
1.8

2
1.8

0
0

AMR will become much worse in the
near future if we do not do

something about it now

99
90.0

9
8.2

1
0.9

1
0.9

0
0

Over-the-counter antibiotics should
be prohibited

87
79.1

12
10.9

5
4.5

3
2.7

3
2.7

I am open to using alternatives to
antibiotics if they are proven to be

successful in practice

85
77.3

18
16.4

3
2.7

3
2.7

1
0.9

Uncontrolled use of antibiotics in
farm animals is an important cause of

resistance to bacterial infections
in humans

78
70.9

23
20.9

7
6.4

2
1.8

0
0

The antibiotics I prescribe contribute
to the problem of

antimicrobial resistance

51
46.4

32
29.1

21
19.1

4
3.6

2
1.8

There is insufficient information on
the direct effect of antibiotic use in
animals with the development of

antimicrobial resistance in humans

51
46.4

37
33.6

12
10.9

4
3.6

6
5.4

AMR is mainly a problem in
hospital settings

35
31.8

32
29.1

18
16.4

6
5.4

19
17.3

The application of MCA to respondents’ opinions regarding knowledge on AMR and
antibiotic treatment of mastitis in cows shows that the first two dimensions described
around 18% of data variability (D1 = 10.19%, D2 = 8.22%). The position of the recorded
answers in the space defined by D1 and D2 highlights the grouping of veterinarians that
considered AMR a big issue currently and even worse in the near future, and that performed
antibiograms routinely—in the negative part of D1 and positive part of D2. Furthermore,
the same respondents shared the opinion of prohibiting over-the-counter use of antibiotics
and also considered that the uncontrolled use of antibiotics on farms is important for
AMR in humans, but did not think that we have sufficient data on the transmission of
AMR from farm animals to humans. On the other hand, respondents that considered
AMR exclusively a hospital setting issue did not perform antibiograms routinely and were
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localized in the negative part of D1, as well as the negative part of D2. Moreover, they did
not consider that using antibiotics without prescription is dangerous, or that uncontrolled
use of antimicrobials on farms can also increase AMR in humans (Figure 2).
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2.5. Cow Mastitis Therapy

Participants were asked to choose the three most frequently used antibiotics, out of 15
suggested, in cow mastitis therapy. The most frequently used were enrofloxacin (n = 56,
17.4%) and amoxicillin (n = 48, 14.9%), followed by amoxicillin + clavulanic acid (n = 48,
14.9%). The least used antibiotics were erythromycin (n = 4, 1.2%), lincomycin (n = 3, 0.9%),
and novobiocin (n = 2, 0.6%) (Table 12).
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Table 12. The most frequently used antibiotics in cow mastitis therapy.

Variable Frequency (n = 110) Percentage (%)

Enrofloxacin 56 17.4
Amoxicillin 48 14.9

Amoxicillin + clavulanic acid 48 14.9
Penicillin 33 10.3

Ceftriaxone 30 9.3
Tetracycline 27 8.4
Gentamicin 23 7.2

Trimethoprim + sulfamethoxazole 14 4.4
Cloxacillin 11 3.4
Neomycin 9 2.8

Streptomycin 8 2.5
Ampicillin 5 1.6

Erythromycin 4 1.2
Lincomycin 3 0.9
Novobiocin 2 0.6

Respondents’ prescribing habits regarding cow mastitis therapy were influenced
by many factors, but mostly by their professional experience and knowledge of clinical
symptoms (n = 91, 60.6%). Furthermore, only 16.7% (n = 25) of respondents used an
antibiogram when prescribing antibiotics in therapy (Table 13).

Table 13. Prescribing habits for cow mastitis therapy.

Variable Frequency (n = 110) Percentage (%)

Experience and knowledge of clinical symptoms 91 60.6
Exclusively diagnostic tests (antibiograms) 25 16.7
Milk withholding period for antimicrobials 31 20.7

Guidelines (foreign and domestic) 3 2.0

3. Discussion

To the best of our knowledge, there are no published articles about veterinarians’
attitudes toward and knowledge on AMR, AMU, and AMS in the Republic of Serbia. So
far published data regarding this issue were focused on veterinary students’ knowledge
and comprehension [35].

Hence, this study aimed to evaluate farm animal veterinarians’ knowledge and at-
titudes toward AMR and AMU in the Republic of Serbia. The majority of participants
included in the study (42.7%) were 35–44 years old, with 84.5% having at least 6 years of
experience working in the practice.

As mentioned before, AMR represents a global health threat, and a large number
of organizations are working on decreasing drug resistance worldwide. One established
method to combat AMR is the implementation of good practice AMU guidelines [35,36].
As in other similar studies [36,37], we found that many of our respondents used foreign or
domestic guidelines when prescribing antibiotic therapy. Since most of them considered
that there is a requirement for publishing more local guidelines, this depicts a strongly
positive attitude toward improving their knowledge and taking their role in the system
seriously; however, they might feel like they do not have enough support and guidance in
their practice. This is something that should be addressed in the future national activities as
there is evidence that compliance with AMU guidelines might reduce the overall AMU [38].
Tailormade interventions and a close cooperation with the herd veterinarian were shown to
be the key determinants in a successful response to the challenges of AMU reduction [39].

Unfortunately, less than one-third of our participants (30.9%) were previously familiar
with the term “antimicrobial stewardship”, which shows that there is still a lot of work to be
done in promoting this concept and raising awareness in the veterinary sector to facilitate
the implementation of AMS strategies. This can be explained by it being a relatively new
term in the veterinary profession, and veterinarians might be familiar with its principles
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only in theory. Contrary to our findings, 63% of veterinarians from Nigeria were familiar
with the AMS term [40], while, in the same country, another survey showed that only 17%
of them had heard about AMS [41]. The first result is perhaps more representative of the
situation since they targeted the whole country, while the second one targeted one state.

Regrettably, AMS programs are yet to be widely applied in veterinary medicine. In
line with the global WHO action plan [42], the Republic of Serbia has adopted a national
strategy aimed at improving AMS programs [43], but there have not been any significant
steps taken for the realization of this strategy. Research in Australia showed that some of
the key barriers for this can be AMS governance structures, client expectations, competition
between practices, cost of microbiological testing, and lack of access to education, training,
and AMS resources [44]. Recent data imply that European veterinary students, including
students from Serbia, are aware of this issue and feel the need for better and improved
education on AMS and AMR [45].

A very low percentage (20%) of our respondents had protocols for prescribing an-
tibiotics in their practices compared to more than half of Nigerian respondents [40] and
more than half of veterinarians’ clients from international research [46]. Nevertheless,
87.3% of our veterinarians promisingly thought that those protocols should exist. This once
again highlights the dichotomy between commendatory veterinarians’ attitudes and the
sometimes lacking reality of practice.

Regarding the strong correlation between AMU and the spread and development of
AMR [11], it is important to educate veterinarians about responsible and prudent AMU
as a basis for AMR reduction. Hence, monitoring AMU at the farm level could be one of
the crucial steps. For this reason, it is very favorable that more than two-thirds (71.8%) of
our participants kept records of AMU in their practice. In the United States, data on this
issue are not consistent. In some parts of the country, e.g., at a veterinary teaching hospital,
patient records were well kept [47], whereas, in the northeastern part of the country,
clinicians frequently prescribed antimicrobials without medical records [48]. Furthermore,
about 70% of veterinarians in our survey found that AMU and rationally prescribing
antimicrobials could have a great impact on the development and spread of AMR. On the
contrary, veterinary students from Croatia and Serbia showed insufficient awareness of
veterinary medicine’s AMU contribution to overall AMR, since only 56.8% chose a strong
contribution as the answer [35]. This indicates that some considerations on this issue in
the veterinary sector exist, but there is still a lot more that can be done through continuous
education of current veterinarians. Additionally, our results are more promising compared
to a report from an Australian study, where over 50% of veterinarians found AMU to have
a moderate influence on AMR [44]. Furthermore, significant facilitators to veterinarians’
prudent antimicrobial prescribing in the cattle and pig livestock sector included education,
veterinarians’ positive attitudes toward AMU reduction, and diagnosis [49].

A study conducted in the Netherlands suggested that veterinarians with a positive atti-
tude and sufficient knowledge of AMR can have a positive impact on AMU [50]. However,
our study discovered a large gap in the veterinarians’ knowledge regarding AMR etiology,
since data show that, although resistant bacteria AMR can be transmitted via contact with
other people [51] and animals [52,53], this was generally not recognized among the respon-
dents. This shows that a lot of effort has to be put into teaching current veterinarians about
the AMR issue throughout different educational campaigns.

When it comes to alternatives to antibiotics, the veterinarians in our study were most
familiar with probiotics (20.5%) and vaccines (18.9%), while phage therapy (2.1%) and
nanoparticles (1.7%) were less known to them. Our results are similar to a study where
vaccines for the prevention and control of calf scours were recommended on 24% of dairy
farms in Italy [54]. Contrary to this, a similar study performed in the same country revealed
that 64.5% of cattle veterinarians suggested/prescribed alternative approaches to the use
of antimicrobials [55]. Promisingly, when it comes to antibiotic therapy’s influence on
the development of AMR, the majority of respondents in our study were aware that the
excessive use of antibiotics, low therapy dosage of antibiotics, antibiotic use without clear
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indications (antibiograms), and inadequate therapy length had a great impact. Furthermore,
a great majority of our respondents (77.3%) showed positive attitudes and openness to
using antibiotic alternatives if proven to be successful in clinical practice. This is important
since there is a global strategy [56] aimed at reducing AMR, which can be implemented
by the development of new antibiotics [57], a seemingly difficult and slow task [58], or the
application of safe and efficient alternatives to antibiotics [59,60].

A systematic review article of 34 studies published in 2021 showed that the most
important factors influencing veterinary health professionals’ selection of an antibiotic in
therapy are sociodemographic characteristics, influenced by different attitudes, business
factors, and complacency, as well as owner-related factors, such as lack of awareness and
demand for antibiotics [61]. Another study that included 25 European countries indicated
the following factors as important for selection of an antibiotics: sensitivity test results
(antibiograms), their own experience, the risk of developing AMR, and ease of administra-
tion [62]. In line with these European countries, in our research, veterinarians indicated
antibiograms (65.4%) and concern over AMR development in animals (56.4%) and people
(51.8%) as very important in the decision-making process. Similarly to our results, 75.8% of
veterinarians in the USA reported antibiograms as an extremely important factor [47].

Our findings also suggest a correlation between veterinarians that perform antibi-
ogram tests routinely and the awareness level of how uncontrolled AMU influences AMR
development. Forty-nine percent of our respondents performed antibiograms routinely,
which is a higher level compared to the 38% of European veterinarians [62] and lower than
recorded for small animal veterinarians in South Africa (71.8%) [63]. Failure in initial ther-
apy usually encourages sensitivity testing to become a part of diagnosis [64]. Furthermore,
not much is known about the decision making concerning antibiograms [62]. In the bovine,
porcine, and equine sectors, the financial aspect (linked to sampling or analysis) was one of
the biggest hurdles to the use of antibiograms [65]

Even though the respondents primarily prescribed antibiotics for therapeutic purposes,
there was still a presence of prophylactic and metaphylactic use of these drugs that may
have consequences for the increase in AMR [66]. Similar practices have been reported across
other European countries [55,67,68]. However, the level of respondents that conducted
AST tests routinely was significantly low compared to other studies [69], which can be
explained by our respondents being influenced mostly by owners’ financial situation/cost
of tests (23.8%) and the lack of quick diagnostic tests (21.6%) when prescribing antibiotics
without sensitivity tests.

Almost all of the surveyed veterinarians (92.7%) completely agreed that AMR is an
important issue in both human and veterinary medicine, corresponding with most Bhutan
veterinarians (96%) [36]. Furthermore, participants in our study believed that AMR will be-
come a much more serious problem in the near future if we do not act rapidly in the present
(90.0%), which is similar to the opinion shared by veterinarians in Australia (91.8%) [70]. On
the other hand, only half of them were aware that the antibiotics they prescribe contribute
to the problem of AMR. Likewise, in Australia, over 60% of veterinarians indicated that
their AMU only had a minimal contribution to AMR [44], whereas, in Kentucky, USA, most
veterinarians (93%) indicated that improper AMU contributed to selection for AMR [71].
The lack of awareness regarding this subject can be dangerous since the absence of personal
responsibility for problematic outcomes reduces the chances of change [72]. This is of
tremendous importance since the studies show that veterinarians can have a significant
influence on the farmers’ attitudes regarding AMR and AMU practices [73,74].

Within the livestock sector, one of the biggest threats to animal health and welfare,
which is also considered as the most common disease that causes huge economic losses
in the dairy industry, is bovine mastitis [75]. The etiological agents include a variety of
Gram-positive and Gram-negative bacteria [76]. The improvement of biosecurity should be
a general measure for prevention of mastitis prevalence; however, currently, antimicrobial
treatment remains the main solution to improve animal health and welfare [77], whereby
antibiotics are mostly given without the identification of the causative pathogen [78]. Pre-
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vious research suggests that the most commonly used antibiotics in mastitis therapy in
Serbia were penicillin, streptomycin, gentamicin, tetracycline, cephalexin, sulfonamides,
and enrofloxacin [79,80]. Furthermore, according to recent data [81,82], the most com-
mon mastitis pathogens in dairy cows from Serbia were resistant to penicillin. In the
current study, the seven most commonly used antibiotics for cow mastitis therapy were
enrofloxacin (17.4%), amoxicillin (14.9%), amoxicillin + clavulanic acid (14.9%), penicillin
(10.3%), ceftriaxone (9.3%), tetracycline (8.4%), and gentamicin (7.2%), which is partially
consistent with older studies. These data are similar to data from Bangladesh, where
amoxicillin, oxytetracycline, ciprofloxacin, and gentamicin were extensively prescribed
for large animals, whereas ceftriaxone and penicillin were mainly prescribed just for these
animals [83]. Contrary to our findings, the most common antimicrobials prescribed for
mastitis in Italy were cephalosporins (30%), followed by potentiated aminopenicillins (11%)
and G group penicillin (7%) [55]. It must be highlighted that all antibiotics for mastitis treat-
ment given in our study are considered critically important for human medicine [84,85],
which stresses that the ineffective use of antimicrobials has to be regulated. In addition,
it would be a valid expectation of the stewardship intervention to achieve a reduction in
the use of antibiotics critical for human medicine in both companion animals and dairy
cattle [86]. Therefore, we have to allocate our efforts to prudent AMU by arranging resident
training for veterinary professionals and focus further research on finding alternatives to
antibiotics for this dangerous illness.

Study Limitations

Certain limitations can be attributed to questionnaire-based studies. Their subjective
nature depends on the participants’ opinions and memory. There is also a risk of misinter-
pretation of questions, which we tried to reduce with as many closed questions as possible.
The recorded response rate was 27.3%, which is comparable to similar studies [50,87]. Our
result emphasizes the fact that a low response rate of online surveys has been a concern
for many researchers in the last few years [88]. Despite this, the relatively low response
rate could potentially lead to participation bias. According to the authors’ experience,
the possible reason for this could be that many people tend to have more than one email
address, often times including an email address that may rarely be checked. During the
duration of the study, three reminder emails were sent to the participants in hopes of
improving the response rate; however, this did not significantly change the outcome. In
future research, some possible incentives in the form of a gift of small economic value
or a reward could be considered to improve the response rate. The questionnaire was
submitted anonymously, reducing the potential bias of giving only desirable answers. All
these elements should be considered in prospective surveys. Although our results cannot
be generalized due to the poor response rate, these findings provide important information
for evaluating and improving the knowledge and attitudes of farm veterinarians toward
AMR and AMU in Serbia.

4. Materials and Methods
4.1. Ethical Approval

Ethical review and approval of this questionnaire were granted by the University of
Novi Sad, Faculty of Agriculture Ethics Committee, via an ethics review application (Ethics
approval number: 1047/2/5).

4.2. Study Population and Sample Size

According to the data obtained from the Veterinary Chamber of the Republic of Serbia,
it is estimated that there are around 700 licensed farm animal veterinarians (September
2021, personal communication). The questionnaire was distributed via the Association
of Veterinarians Practitioners of Serbia (AVPS) to their 403 registered members that are
currently working in large or mixed veterinary practices, since not all licensed veterinarians
are working in practice with farm animals. The questionnaire was distributed using the
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Google Forms platform. The survey link was sent via emails to the members of the AVPS.
The survey was available online for 3 months between 14 May and 14 August 2021. A total
of 110 respondents completed the questionnaire, resulting in a response rate of 27.3%.

4.3. Study Design—The Questionnaire

The questionnaire used in the study was designed with the intention to collect data
on the knowledge and attitudes of farm animal veterinarians on the subjects of AMR and
AMU during the period May to August 2021.

The survey was developed after a comprehensive review of the related literature and
consultation among the members of research team. The questionnaire was created using a
combination of original questions and questions from various surveys [36,37,44,70], with
the modifications necessary to ensure the correct answers to questions and claims. It was
pretested on 15 veterinarians to receive feedback about understandability and clarity of
the questions, and data of the pilot study were not included in the final analysis. The
questionnaire was adjusted as per feedback from the piloted sample. It was face-validated
via consultation with expert colleagues in the field and was also objectively validated for
comprehensibility and clarity. The entire questionnaire took about 10 min to complete.

The full questionnaire is provided in Supplementary File S1 (“Questionnaire on farm
animal veterinarians’ knowledge on and attitudes toward antimicrobial resistance and
antimicrobial use”).

The questionnaire consisted of 28 questions across four sections aimed at collecting
data on demographics, as well as knowledge and attitudes of farm animal veterinarians
toward AMR, AMU, and AMS, with a section focused on mastitis therapy. The four sections
were designated as sociodemographic data, significance of antimicrobial resistance, rational
use of antibiotics, and knowledge of antimicrobial resistance. The first section consisted of
six questions regarding demographic data, level of education, and career choices, including
age, gender, workplace, the highest level of education, years in practice and average
monthly workload based on the number of patients. The second section with 10 questions
was focused on participants’ views on the significance of AMR and AMS. The goal was to
assess whether the participants kept up to date with this issue and their attitudes toward it
in their daily practice. The third section had eight questions about participants’ prescribing
habits, factors influencing them, and the rational use of antimicrobials. In the fourth
section, the respondents were presented with eight statements with five different levels
of agreement (completely agree, somewhat agree, neither agree nor disagree, somewhat
disagree, and completely disagree). The statements were used to assess the attitudes and
knowledge of participants regarding AMR. Additionally, this section had questions about
the most used antibiotics in cow mastitis therapy and the factors influencing decision
making when prescribing this therapy.

4.4. Data Analysis

The results were extracted from Google Forms to Microsoft Excel. Data were checked
for errors, consistency, and uniformity. Statsoft Statistica 12.5 (Tulsa, OK, USA) was used to
process the data by means of univariate and multivariate statistical methods. Specifically,
the obtained responses were analyzed by descriptive statistics and analysis of response
frequency. Furthermore, multivariate correspondence analysis (MCA) was performed in
order to better evaluate the complexity of the data matrix structure.

MCA is specially designed for the evaluation of relationships among categorical
variables, whether nominal or ordinal. It is a dimension reduction technique, thus enabling
data analysts to have better insight into model variability by graphical representation of
evaluated variables in the space defined by lower number of dimensions (usually two
or three). The calculated dimensions describe a lower proportion of dataset variability
(often termed as inertia), but reveal a better structure of the dataset model. In this research,
MCA was applied to the dataset represented by a matrix with dimensions of 110 × 75, thus
containing a total of 8250 inputs (Supplementary File S2).
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5. Conclusions

The assessed attitudes and knowledge of Serbian farm veterinarians toward AMR and
AMU highlight their mostly reflective attitudes, acknowledging the issue as very important.
Veterinarians are trying to educate themselves on AMR; however, there are certain gaps in
their knowledge, mainly regarding AMR etiology, personal responsibility when prescribing
antibiotics in therapy, use of antibiotics in prophylactic and metaphylactic therapies, and
prescribing antibiotics without clear indication (AST tests). The latter, however, seems to
be influenced by factors somewhat out of veterinarians’ control, i.e., mainly the cost and
the lack of available tests. Most veterinarians also realized the effect that AMU and rational
prescription have on the AMR issue, and they were willing to use AMU guidelines to help
them in their everyday work, making guidelines for prudent AMU in cattle production
systems extremely needed. There was dissatisfaction regarding the number of available
local guidelines and the use of antibiotics by unqualified people. Moreover, veterinarians
had very positive attitudes toward the possibilities of alternatives to antibiotics.

Unfortunately, the respondents showed a substandard understanding of AMS, making
further education and promotion of AMS concepts one of the priorities in our fight for the
reduction in AMU and AMR. Additional surveys should be conducted to continuously
check the status of our findings.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics11010064/s1: Supplementary File S1: Questionnaire on farm animal veterinarians’
knowledge on and attitudes toward antimicrobial resistance and antimicrobial use; Supplementary
File S2: Dataset containing responses collected by questionnaire.
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