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Abstract: Background: Current evidence suggests that more than half of all antimicrobials
are used in the sector of food-producing animals, thus constituting a major risk factor for
development and spread of antimicrobial resistance (AMR). Methods: This cross-sectional
study assessed the knowledge, attitudes, and practices regarding antimicrobial resistance
(AMR) and antimicrobial use (AMU) among veterinarians (n = 26) working with food-
producing animals and operators (n = 165) of establishments that keep food-producing
animals, across all districts of Cyprus between October and December 2024. Results: Most
veterinarians demonstrated sufficient knowledge regarding AMR and AMU; however, cer-
tain knowledge gaps were identified. There was a general trend toward desired responses
aimed at reducing AMU. Despite this, the level of responses advocating for restrictions on
the use of specific priority antimicrobials and broad-spectrum antibacterials was unsatis-
factory. Over half of veterinarians prescribed Category B substances. Furthermore, there
was no significant association between the use of “restricted” antibiotics and veterinarians’
level of knowledge nor between antibiotic use and the practice of microbiological culture
and susceptibility testing. Among operators, positive attitudes were significant predictors
of implementing of good practices. Additionally, operators who had contracts with a veteri-
narians were more likely to follow good practices. Conclusions: There is a need for further
education on AMR in the veterinary sector in the Republic of Cyprus. Raising awareness
among animal producers, is also crucial, along with enforcing a policy on antimicrobial use.
Comprehensive governance involving all stakeholders must be implemented to address
AMR more effectively.

Keywords: antimicrobial resistance; antibiotic use; surveillance; food-producing animals;
veterinarians; operators; one health

1. Introduction
Antimicrobial resistance (AMR) is recognized globally as one of the most serious public

health challenges. In 2019, AMR was identified by the World Health Organization (WHO) as
one of the most serious global threats to public health, and in July 2022, it was identified by
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the European Commission as one of the three major threats to public health in the European
Union (EU) [1]. AMR poses a cross-border threat to public health, animal health, plant
health, and the environment. Infections due to resistant bacteria account for 700,000 deaths
globally every year and could cumulate to 10 million by 2050 if no constant efforts to
tackle AMR are implemented [2,3]. The estimates from the European Union/European
Economic Area (EU/EEA) indicate that every year, more than 670,000 infections are due
to resistant bacteria, and approximately 33,000 people die as a direct consequence. [4].
The health burden of antimicrobial resistance is caused by 40% of infections with bacteria
resistant to critically important antibiotics [5]. According to the Organization for Economic
Co-operation and Development (OECD), the rates of AMR infections will continue to rise
in the EU/EEA, with a significant impact on the budget of healthcare systems [5]. Without
immediate effective action, the annual cost of AMR is expected to increase to EUR 1.1 billion
between 2015 and 2050 in all EU and EEC countries [5].

The four main sectors involved in the spread of AMR are the human medicine sector
in the community and in the hospital settings, animal production, agriculture, and the
environment [6]. According to The State of the World’s Antibiotics 2015, two thirds of all
antibiotics produced worldwide each year (65,000 tons out of 100,000 tons) are used in
livestock farming [7]. Similarly, the global AMU in bovine animals, poultry, and porcine
animals was estimated at 93,309 tons in 2017, and another study showed that the same
animal groups, along with ovine animals, consumed 99,502 tons of antibiotics in 2020 and
was predicted, based on those trends, to increase to 107,472 tons by 2030 [8]. It was also
estimated that worldwide, the antimicrobial use in food-producing animals exceeds the
antimicrobial use in human health [9]. The sixth report of WOAH, which includes the AMU
reported by 109 participant countries for 2018, showed that 69,455 tons of antimicrobials
were used in food animals in 2018. WOAH estimates that the adjusted total amount could
be 76,704 tons [10]. According to the thirteenth ESVAC report which presents data on the
sales of veterinary antibiotic agents from 31 European countries in 2022, overall aggregated
sales of antibiotic veterinary medicinal products were 73.9 mg/PCU.

The transmission of antibiotic-resistant bacteria and genes from animals to humans has
been well documented in the literature [11–13]. The transmission of AMR to establishments
keeping food-producing animals has been studied across various species including [14,15]
pigs, cattle [16], and arthropods [17–19]. The extent of AMR transmission between animals
and humans is a topic of great interest, with significant implications for both public and
animal health [20–22]. Notably, EFSA’s 2021 scientific opinion on the role of the environment
in the emergence and spread of antimicrobial resistance through the food chain provides
insight into the role of environmental factors in the spread of AMR in plant-based food
production in the EU, terrestrial animals (poultry, cattle, and pigs), and aquaculture [23].

The development and spread of antimicrobial resistance is extensively seen by orga-
nizations like the European Food Safety Authority, the World Health Organization, and
the Lancet Infectious Diseases Commission as a consequence of the use and overuse of
antibiotics in both human and veterinary medicine. Scientific research led to a consensus
among many scientists that, for certain bacterial infections, such as Campylobacter spp. and
Salmonella spp., the use of antibiotics in animal farms is the primary cause of resistance
to human infections. The emergence of resistance to critically important antibiotics in
Escherichia coli and Salmonella spp. is a significant issue, resulting from the inappropriate
use of these antibiotics in both human and veterinary medicine. Methicillin-resistant Staphy-
lococcus aureus (MRSA) strains that affect humans are also becoming an increasing concern,
due to the widespread use of certain antibiotics in food-producing animals [24]. The pru-
dent use of antimicrobials along with high standards of infection prevention and control in
both animals and humans, are crucial components in tackling the issue of antimicrobial
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resistance. Understanding the knowledge, attitudes, and practices (KAP) of veterinarians
as well as those of operators of establishments keeping food-producing animals is cru-
cial for developing effective interventions. [25]. Insufficient knowledge and awareness
of antimicrobial use (AMU) and AMR have been reported as contributing factors to the
inappropriate prescribing and dispensing of antibiotics. [26,27]. These groups are therefore
considered key stakeholders, central to the efforts required to mitigate the emerging threat
of AMR globally.

According to the thirteenth ESVAC report, Cyprus has the highest sales at 254.7 mg/PCU.
Although overall sales in 2022 decreased by 14.1% in comparison to 2021 (from 296.5 mg/PCU
to 254.7 mg/PCU) they are still at a high level. In 2022, the proportion of veterinary antimicro-
bials belonging to AMEG categories B was at 3.3%. The overall sales of the antibiotic classes of
EMA AMEG Category B, i.e., third- and fourth-generation cephalosporins, fluoroquinolones,
other quinolones and polymyxins among 31 countries, from <0.01 to 0.47 mg/PCU, <0.01 to
12.6 mg/PCU, 0 to 0.75 mg/PCU, and 0 to 10.2 mg/PCU, accounting for 0.17%, 2.8%, 0.16%,
and 2.8% of total aggregated sales, respectively [28]. This report highlights certain classes
of antimicrobials included in Category B of the categorization made by the EMA’s Antimi-
crobial Advice ad hoc Expert Group (AMEG) in 2019 [29]. The World Health Organization
(WHO) categorization of antimicrobials (6th revision) [30] is taken into consideration, as well
as the necessity for the respective antimicrobials in veterinary medicine and the probability
of transferring antimicrobial resistance from animals to humans. Category B of the AMEG
categorization includes those veterinary antibiotics from which the risk to public health is esti-
mated to be higher than from other classes of antibiotics; fluoroquinolones, other quinolones,
third- and fourth-generation cephalosporins, and polymyxins are included in this category.
Third- and fourth-generation cephalosporins, and fluoroquinolones are considered by the
WHO as ‘highest-priority critically important antimicrobials’ (HPCIAs) in human medicine.
These groups have also been categorized as Veterinary Critically Important Antimicrobial
Agents in the WOAH list of antimicrobials of veterinary importance [31].

According to the most recent Joint Interagency Antimicrobial Consumption and Re-
sistance Analysis (JIACRA VI report) published in 2024, in 2021, the total antimicrobial
consumption (AMC) was assessed at 125.0 mg/kg of biomass for humans (28 EU/EEA
countries, range 44.3–160.1). In Cyprus, the total AMC was assessed at 139.9 of biomass
for humans and 296.5 mg/kg of biomass for food-producing animals. The total AMC was
assessed at 92.6 mg/kg of biomass for food-producing animals (29 EU/EEA countries,
range 2.5–296.5). In 2021, the EU/EEA population-weighted mean consumption of flu-
oroquinolones and other quinolones was 6.3 mg/kg estimated biomass in humans and
2.9 mg/kg of estimated biomass in food-producing animals. The EU/EEA population-
weighted mean consumption of fluoroquinolones and other quinolones was 6.3 mg/kg
estimated biomass in humans and 2.9 mg/kg of estimated biomass in food-producing ani-
mals. The relevant mean for polymyxins was 0.7 mg/kg and 2.5 mg/kg, respectively. There
was a statistically significant association between the consumption of fluoroquinolones
in food-producing animals and fluoroquinolone resistance in E. coli from food-producing
animals. The same results were observed for colistin for the time periods 2018–2019 and
2019–2020 [32].

Evidence recorded to describe antimicrobial resistance levels in the annual reports of the
European Union on antimicrobial resistance in zoonotic and indicator bacteria from humans,
animals, and food, shows very high resistance to fluoroquinolones (ciprofloxacin) among
Salmonella isolates from broilers (50%) in Cyprus [32,33]. Multidrug resistance was observed
at very to extremely high levels among Salmonella spp., Campylobacter coli and Campylobacter
jejuni, and indicator Escherichia coli recovered from food-producing animals. Resistance to
ciprofloxacin ranged from high to extremely high in C. jejuni, C. coli isolates, and E. coli
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commensal from food-producing animals. A statistically significant increase in resistance to
ciprofloxacin was noted in E. coli isolates from broilers between 2014 and 2022. Additionally,
resistance to erythromycin was observed at very high levels in C. coli from pigs.

To this end, evaluating the knowledge, attitudes, and practices (KAP) of veterinarians
and operators of food-producing animal establishments is important for a better under-
standing the drivers of antimicrobial resistance in the animal health sector and providing
evidence for the development of effective interventions.

2. Results
2.1. Socio-Demographic Characteristics of Respondents

Overall, all veterinarians (n = 26) working in the food-producing animal sector and 165
(approximately 50% of the total) operators of establishments keeping food-producing ani-
mals participated in the current study. The veterinarian’s socio-demographic characteristics
are presented in Table 1.

Table 1. Socio-demographic characteristics of veterinarians participating in the study.

Variables N (%)

Gender
Female 6 (23.1)

Male 20 (76.9)

Age (years)

23–30 3 (11.5)

31–45 14 (53.8)

46–60 7 (26.9)

61 or more 2 (7.7)

Educational level
Degree in veterinary medicine 17 (65.4)

Master’s degree or doctorate 9 (34.6)

Area of residence
Rural 12 (46.2)

Urban 14 (53.8)

Training on the use of antimicrobials 26 (100.0)

Percentage of veterinarians working at a veterinary pharmaceutical company 9 (34.6)

The relevant characteristics of operators of establishments keeping food-producing
animals, are presented in Table 2. The distribution of the studied animal population in each
district is included in Table 3.

Table 2. Socio-demographic characteristics of operators participating in the study.

Variables N (%)

Gender
Female 20 (12.1)

Male 145 (87.9)

Age (years)

18–30 17 (10.3)

31–45 52 (31.5)

46–60 43 (26.1)

61 or more 53 (32.1)
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Table 2. Cont.

Variables N (%)

Educational level

Elementary school graduate 22 (13.3)

High school graduate 85 (52.5)

Undergraduate degree 47 (28.5)

Master’s degree or doctorate 11 (6.7)

Area of residence
Rural 108 (65.5)

Urban 57 (34.5)

District where establishments are located

Nicosia 64 (38.8)

Larnaca 42 (25.5)

Limassol 16 (9.7)

Ammochostos 14 (8.5)

Paphos 29 (17.6)

Types of establishments

Bovine animal establishments 32 (19.4)

Ovine and caprine animal establishments 103 (62.4)

Porcine animal establishments 16 (9.7)

Poultry establishments 14 (8.5)

Professional experience (years)

<4 12 (7.3)

5–8 15 (9.1)

9–12 16 (9.7)

>13 122 (73.9)

Main employment/occupation
Livestock farming 148 (89.7)

Other 17 (10.3)

Table 3. Distribution of food-producing animal establishments which constituted the population studied.

Types of Farms

District Number of Bovine
Establishments n (%)

Number of Ovine and
Caprine Establishments n (%)

Number of Porcine
Establishments n (%)

Number of Poultry
Establishments n (%)

Nicosia 14 (43.8) 32 (31.1) 8 (50.0) 10 (71.4)

Larnaca 9 (28.1) 25 (24.3) 7 (43.8) 1 (7.1)

Limassol 2 (6.3) 14 (13.6) 0 (0.0) 0 (0.0)

Ammochostos 2 (6.3) 10 (9.7) 0 (0.0) 2 (14.3)

Paphos 5 (15.6) 22 (21.4) 1 (6.3) 1 (7.0)

Total 32 (100.0) 103 (100.0) 16 (100.0) 14 (100.0)

2.2. Knowledge, Attitudes, and Practices of Veterinarians on AMR and AMU

Generally, the submitted responses indicate a high level of knowledge (Table 4 and Figure 1),
with more than 82% of answers being correct. The majority of veterinarians working with
food-producing animals reported being aware of the severity of antimicrobial resistance.
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Table 4. The proportion of veterinarians who correctly/positively responded to knowledge, attitudes,
and practices questions on AMR and AMU.

Knowledge Factors N (%)

V_B1 Do you know what antimicrobial resistance is? 26 (100.0)

V_B2 Are you aware of the World Health Organization’s (WHO) categorization of antimicrobials? 22 (84.6)

V_B3 Are you aware the categorization of veterinary antimicrobials by the World Organization for Animal
Health (WOAH)? 22 (84.6)

V_B4 Are you aware of the updated criteria for the categorization of antibiotics used in veterinary
medicine as established by an expert group (AMEG) of the European Medicines Agency (EMA)? 14 (53.8)

V_B5 Do you consider antimicrobial resistance to be a serious public health threat? 24 (92.3)

V_B6 Do you believe that the use of antibiotics in animals is a major contributor to the development of
resistance to bacterial infections in humans? 21 (80.8)

V_B7 Are you aware of information about methicillin-resistant Staphylococcus aureus (MRSA)? 18 (69.2)

V_B8 Do you believe that the use of expired antimicrobials contributes to the development of
antimicrobial resistance? 17 (65.4)

V_B9 Do you know what antimicrobial stewardship is? 10 (38.5)

V_B10
Are you familiar with the recommendations outlined in the Council Recommendation (2023) on

strengthening EU action to combat antimicrobial resistance within the context of the One
Health approach?

12 (46.2)

V_B11 Do you believe that antimicrobials are effective in treating both bacterial and viral infections? 18 (69.2)

V_B12 Do you believe there is an ongoing misuse of antibiotics in the veterinary sector? 21 (80.8)

V_B13 Do you think that antibiotic residues in food contribute to the development of antimicrobial
resistance in humans? 22 (84.6)

Attitude Factors N (%)

V_C1 The potential contribution of veterinary antimicrobial medicinal products to the development of
resistance in humans is concerning. 18 (69.2)

V_C2 I support the policy of reducing veterinary antibiotic consumption by 50% by 2030, compared to
2019 levels. 19 (73.1)

V_C3 My goal is to minimize the use of antibiotics as much as possible within the context exercise of
my profession. 23 (88.5)

V_C4 Reducing veterinary antibiotic use by 50% will lead to negative effects on animal health and welfare. 12 (46.2)

V_C5 I have become more aware of the need to impose restrictions to the use of antibiotics in recent years. 19 (73.1)

V_C6 Do you think that using two or more classes of antibiotics in combination is always more effective for
infection control? 14 (53.8)

V_C7 Do you believe that a thorough examination of animals is necessary before prescribing or
administrating an antibiotic? 26 (100.0)

V_C8 Do you think that broad-spectrum antibiotics are better than narrow-spectrum antibiotics, even when
narrow spectrum drugs are available and suitable? 15 (57.7)

V_C9 Do you believe priority antibiotics should be restricted to human use only? 13 (50.0)

V_C10 Do you think that improved livestock practices and the implementation of biosecurity measures can
help reduce antibiotic consumption? 26 (100.0)

Practices Factors N (%)

V_D1 Do you use microbiological culture and susceptibility testing to select the appropriate antibiotics
for treatment? 8 (30.8)

V_D2 Do you check the expiry date of antibiotics before using them? 26 (100.0)

V_D3 Do you advise farmers on the withdrawal period for antimicrobial medicines? 26 (1000)
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Table 4. Cont.

Practices Factors N (%)

V_D4 Do you provide advice to farmers on how to use antimicrobial medicines over the phone? 10 (38.5)

V_D5 Do you often prescribe more than one antimicrobial in a single prescription? 16 (61.5)

V_D6 Do you advise farmers to complete the full course of antimicrobials that you prescribe? 26 (100.0)

V_D7 Are you using alternatives to antimicrobials in your practice? 24 (92.3)

V_D8 Do you advise farmers on appropriate vaccination strategies to help reduce the use of antimicrobials? 26 (100.0)
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attitudes, and practices questions on AMR and AMU.
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Regarding the need to restrict the use of specific classes of antibiotics (HPCIAs; criti-
cally important for human medicine) as well as broad-spectrum antibiotics, there was a
lack of positive attitudes, with a target response rate of only 57.7%. Additionally, only
half of the participants agreed that critically important antibiotics should be restricted to
human use only. Fewer than half of the participants responded negatively to the question
of whether reducing the use of veterinary antibiotics by 50% would have negative effects
on animal health and welfare (46.2%, n = 12). Similarly, the proportion of respondents who
answered negatively to the question asking “if using two or more classes of antibiotics in
combination is always better for infection control” was also low (53.8%, n = 14).

Interestingly, 61.5% of all respondents frequently prescribed more than one antimicrobial in
a single prescription. Additionally, more than half of the veterinarians (57.7%, n = 15) prescribe
Category B antibiotics (polymyxins, quinolones, fluoroquinolones), which are considered “re-
stricted” according to the European Medicines Agency (EMA) categorization. On the other hand,
69.2% of veterinarians involved with food-producing animals prescribe Category D antibiotics
(such as penicillins and tetracyclines), and 50% of them prescribe Category C antibiotics.

To initially investigate whether there is an association between the knowledge of the
updated criteria for classifying antibiotics by the EMA and the use of “restricted” antibiotics
(Class B), the chi-squared statistical test was applied. The results indicated no statistically
significant association between the level of knowledge on antibiotic categorization criteria
and the use of Class B antibiotics. This observation suggests that although there is knowledge,
attitudes may influence practices that are not aligned with recommended guidelines.

The number of respondents using microbiological culture and susceptibility testing to
select the appropriate antibiotics for treatment was low (30.8%, n = 8). When investigating
the dependence between the use of microbiological culture and susceptibility testing and
the use of Class B antibiotics, no statistically significant association was found between
the relevant variables. This suggests that Class B antibiotics are often prescribed without
prior susceptibility testing. As for Class D antibiotics (considered for “prudent use”),
they are commonly used alongside Category B and Category C antibiotics, with only two
veterinarians prescribing only Class D antibiotics.

2.3. Association Between Factors Related to Knowledge, Attitudes, and Practices

Table 5 presents the cross-tabulation of the use of “restricted” antibiotics in food-
producing animals and various variables related to KAP. No statistically significant associa-
tion was observed between the tested variables.

Table 5. Cross-tabulations: the variable “use of class B antibiotics” and variables related to knowledge,
attitudes, and practices among veterinarians.

Use of Class B Antibiotics
p-Value

Odds
Ratio for
(No/Yes)

95% Confidence
Interval

No Yes Lower
Bound

Upper
Bound

Veterinary Pharmaceutical companies
No 6 (75.0%) 11 (73.3%)

0.931 1.09 0.15 7.80
Yes 2 (25.5%) 4 (26.7%)

Knowledge—EMA classification
No 4 (50.0%) 6 (40.0%)

0.645 1.50 0.27 8.45
Yes 4 (50.0%) 9 (60.0%)

Knowledge—Antimicrobial
stewardship

No 6 (75.0%) 10 (66.7%)
0.676 1.50 0.22 10.30

Yes 2 (25.0%) 5 (33.3%)
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Table 5. Cont.

Use of Class B Antibiotics
p-Value

Odds
Ratio for
(No/Yes)

95% Confidence
Interval

No Yes Lower
Bound

Upper
Bound

Knowledge—Council
Recommendations (2023)

No 3 (37.5%) 10 (66.7%)
0.179 0.30 0.05 1.80

Yes 5 (62.5%) 5 (33.3%)

Attitude—Reducing by half the use
of veterinary antibiotics

Yes 1 (12.5%) 4 (26.7%)
0.433 0.39 0.04 4.28

No 7 (87.5%) 11 (73.3%)

Attitude—Use of two or more classes
of antibiotics in combination

Yes 4 (50.0%) 6 (40.0%)
0.645 1.50 0.27 8.45

No 4 (50.0%) 9 (60.0%)

Attitude—Broad-spectrum antibiotics
vs. narrow spectrum

Yes 3 (37.5%) 6 (40.0%)
0.673 0.69 0.12 3.96

No 5 (62.5%) 9 (60.0%)

Attitude—Restrict priority antibiotics
to human use only

No 4 (50.0%) 6 (40.0%)
0.645 1.50 0.27 8.45

Yes 4 (50.0%) 9 (60.0%)

2.4. Knowledge, Attitudes, and Practices of Operators of Establishment Keeping Food-Producing
Animals on AMR and AMU

Based on responses, participants’ knowledge of AMR and the use of antimicrobials
is generally moderate (Table 6 and Figure 2). It was also observed that a high percentage
of operators (82.4%, n = 136) reported that antimicrobials are effective in treating both
bacterial and viral infections, while 17.6% of all respondents gave the correct answer “No”.

Table 6. Proportion of operators of establishments keeping food-producing animals who correctly or
incorrectly responded to knowledge, attitudes, and practices questions on AMR and AMU.

Knowledge Factors N (%)

O_B1 Do you know who is authorized to issue a prescription? 159 (96.4)

O_B2 Do you know what antimicrobial medicines are? 147 (89.1)

O_B3 Do you know what antimicrobial residues are? 126 (76.4)

O_B4 Do you know what the withdrawal period for antimicrobial medicine is? 150 (90.0)

O_B5 Do you know what antimicrobial resistance is? 119 (72.1)

O_B6 Did you know that consuming food of animal origin before the withdrawn period can contribute to
the development of antimicrobial resistance in humans? 116 (70.3)

O_B7 Can the development of antimicrobial resistance be reduced by avoiding the excessive use of
antimicrobials in animal production? 128 (77.6)

O_B8 Are you aware of specific antimicrobials that target particular diseases? 119 (72.1)

O_B9 Do you think antimicrobials can transfer to humans through the consumption of animal products? 120 (72.7)

O_B10 Do you think antimicrobials are effective in treating both bacterial and viral infections? 29 (17.6)

O_B11 Do you think antimicrobials can have side effects? 124 (75.2)

O_B12 Do you think that all antimicrobials produce the same therapeutic effect on animal diseases? 111 (67.3)

O_B13 Do you think zoonotic agents in animals can develop resistance to antimicrobials? 114 (69.1)

O_B14 Do you think antimicrobial resistance in animals a significant concern for public health? 139 (84.0)

Attitude Factors N (%)

O_C1 Do you think that antimicrobials used accidentally could contribute to antimicrobial resistance? 97 (58.8)

O_C2 Do you think insufficient dosage can contribute to antibiotic resistance? 101 (61.2)

O_C3 Do you think that limiting the use of antimicrobials could cause more harm than benefits? 54 (32.7)
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Table 6. Cont.

Attitude Factors N (%)

O_C4 Do you think antimicrobials should be stored in restricted areas and accessed only by specific staff
when needed? 15 (9.1)

O_C5 Do you reserve antimicrobials for later use? 150 (90.9)

O_C6 Do you use any alternatives to antibiotics in animal feed such as probiotic, organic acids, or others? 91 (55.2)

O_C7 Would you use fewer antimicrobials if you knew that accidental use could hinder recovery
in the future? 141 (85.5)

Practice Factors N (%)

O_D1 Do you have an agreement with a veterinarian to monitor your establishment? 120 (72.7)

O_D2 If you have answered “Yes” to question D1, does the veterinarian monitoring your establishment
work for a veterinary pharmaceutical company? 97 (58.8)

O_D3 If you have answered “No” to question D1, do you receive advice from veterinarians working in
veterinary pharmaceutical companies? 70 (42.4)

O_D4 Have you used antimicrobial medicines in your animals on your own initiative? 106 (64.2)

O_D5 Do you reserve antimicrobials for later use? 62 (37.6)

O_D6 Do you follow recommendations for the use of antimicrobials from non-veterinarians? 145 (87.9)

O_D7 Check the expiry date of antimicrobial medicines before purchasing them? 149 (90.3)

O_D8 Do you adhere to the antimicrobial withdrawal period? 160 (97.0)

O_D9 Do you increase the dose and frequency of antimicrobials when there are no signs of recovery? 128 (77.6)

O_D10 Do you stop administering antimicrobials when there is evidence of improved animal health? 59 (35.8)

O_D11 Are prescriptions issued in accordance with the instructions of the veterinarian who issued them? 159 (96.0)

O_D12 Is there a responsible person in your establishment to administer medicines? 142 (86.1)

O_D13 Do you apply biosecurity measures on your farm? 99 (60.0)

O_D14 If your answer to question D15 is “Yes”, what biosecurity measures do you apply to your
establishment (including situations describing actions related to biosecurity)? 50 (30.3)

The positive attitude corresponded to a correct response rate of more than 63%, while
the negative attitude was associated with less than 63%. When asked whether participants
would use fewer antimicrobials if they knew that accidental use could prevent recovery in
the future, a high percentage responded positively (85.5%, n = 141). Additionally, 61.2% of
all producers (n = 110) believed that “insufficient dosing can contribute to antibiotic resis-
tance”, while 58.8% (n = 97) agreed that “randomly used antimicrobials could contribute to
antimicrobial resistance”. A general trend was observed where most of the operators be-
lieved that antimicrobials should be stored in restricted areas and accessed only by specific
staff when needed, though only 9.1% of respondents answered this correctly. Similarly, less
than half of respondents (32.7%, n = 54) agreed with the statement that “limiting the use
of antimicrobials can cause more harm than benefits”, indicating a negative attitude. This
information is detailed in Table 6 and Figure 2.

Importantly, a significant proportion (72.7%, n = 120) of food-producing animal establish-
ment operators reported having an agreement with a veterinarian to monitor their establish-
ments. Additionally, 87.90% of respondents indicated that they did not receive recommendations
on the antimicrobial from non-veterinarians, and almost all (96.4%, n = 159), stated that pre-
scriptions are made according to the veterinarian’s instructions. However, 64.2% reported
interruptions in antimicrobial treatment, while 22.4% of respondents mentioned increasing the
dose and frequency of antimicrobials when there was no evidence of improvement in animal
health. Furthermore, some operators (36.80%, n = 59) reported using antimicrobials in their
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animals on their own initiative. When asked if they reserved antimicrobials for later use, only
37.60% answered correctly.
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Figure 2. Proportion of operators of establishments keeping food-producing animals who correctly
or incorrectly responded to knowledge, attitudes, and practices questions on AMR and AMU.

Regarding the implementation of biosecurity measures, 60.00% of participants re-
ported applying biosecurity measures in their establishments. However, a smaller pro-
portion (30.30%, n = 50) demonstrated knowledge of what biosecurity measures entail,
as indicated by their responses to the following question. The remaining 29.70%, of the
60.00%, either did not answer the question “mention biosecurity measures you apply to
your holding” or provided incorrect answers.
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2.5. Association Between Factors Related to Knowledge, Attitudes, and Practices for Operators
of Establishments

According to the results of a logistic regression of adjusted odds ratios for certain
categorical attitude variables in relation to the adoption of good practice on farms (Table 7),
such as using alternatives to antibiotics, responders who answered the attitude questions
correctly were 2.44 times more likely (OR = 2.44, 95% CI: 1.19, 5.00) and 2.33 times more
likely (OR = 2.33; 95% CI: 1.12, 4.76) to implement good practices like using alternatives
compared to those who did not answer the attitude questions correctly. Furthermore,
operators who have an agreement with a veterinarian to monitor their establishments were
2.56 times more likely (OR = 2.56, 95% CI: 1.22, 5.56) to implement good practices such as
using alternatives to antibiotics compared to operators who do not have a contract with a
veterinarian for monitoring their establishments.

Table 7. Logistic regression analysis of attitude parameters associated with good practices (use of
alternatives to antibiotics).

Variables Adjusted Odds Ratio
95% Confidence Interval

Lower Upper

Conclusion of an agreement with a veterinarian
monitoring the establishment 2.56 1.22 5.56

Randomly used antimicrobials could contribute to
antimicrobial resistance 0.95 0.47 1.96

Do you think insufficient dosage can contribute to
antibiotic resistance 2.44 1.19 5.00

Do you think that limiting antimicrobials may cause
more harm than benefits 2.33 1.12 4.76

The logistic regression (Table 8) shows that positive attitude factors are important
predictors for implementing good practices. Operators who answered the attitude questions
correctly, as described in Table 8, are 2.33 times more likely (OR = 2.33, 95% CI: 1.03, 5.26)
and 3.13 times more likely (OR = 3.13; 95% CI: 1.47, 6.67) to apply good practices such as
implementing biosecurity measures compared to operators who did not respond correctly
to the attitude questions.

Table 8. Logistic regression analysis of attitude parameters associated with good practices (imple-
mentation of biosecurity measures).

Variables Adjusted Odds Ratio
95% Confidence Interval

Lower Upper

Conclusion of an agreement with a veterinarian
monitoring the holding 1.43 3.45 5.92

Randomly used antimicrobials could contribute to
antimicrobial resistance 1.85 0.82 4.17

Do you think insufficient dosage can contribute to
antibiotic resistance 2.33 1.03 5.26

Do you think that limiting antimicrobials may cause
more harm than benefits 3.13 1.47 6.67

Table 9 shows the cross-tabulation of the use of a “contract with a veterinarian who
monitors the establishment” and several variables related to attitudes and practices. The
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data suggest that the likelihood of a negative attitude among operators without a contract
with a veterinarian is 2.89 times greater (95% CI, 1.43–5.85) compared to those who have
a contract with a veterinarian. Additionally, the likelihood that good practices are not
adopted by operators without a contract with a veterinarian is 3.02 times greater (95% CI,
1.48–6.17) compared to those who have a contract with a veterinarian.

Table 9. Cross-tabulation between the variable “contract with a veterinarian who monitors the estab-
lishment” and other attitude variables using the chi-square test to estimate the level of significance
(p-value) in each case.

D1—Contract with a
Veterinarian Who Monitors

the Establishment p-Value Odds Ratio
for (No/Yes)

95% Confidence
Interval

No Yes Lower Upper

Implementation of
biosecurity measures

No 36 (80.0%) 79 (65.8%)
0.078 2.08 0.91 4.72

Yes 9 (20.0%) 41 (34.2%)

Attitude—Random AMU
contributes to AMR

No 27 (60.0%) 41 (34.2%)
0.003 2.89 1.43 5.85

Yes 18 (40.0%) 79 (65.8%)

Attitude—Insufficient dosage can
contribute to AMR

No 22 (48.9%) 42 (35.0%)
0.103 1.78 0.89 3.56

Yes 23 (51.1%) 78 (65.5%)

Attitude—Limiting antimicrobials
may cause more harm than benefits

No 35 (77.8%) 76 (63.3%)
0.078 2.03 0.92 4.49

Yes 10 (22.2%) 44 (36.7%)

Use any alternatives to antibiotics
in feed

No 29 (64.4%) 45 (37.5%)
0.002 3.02 1.48 6.17

Yes 16 (35.6%) 75 (62.5%)

2.6. Association Between Socio-Demographic Characteristics of Operators of Food-Producing
Animal Establishments with Knowledge, Attitudes, and Practices

The results in Table 10 show that the educational level of responders was positively
associated with both their level of knowledge (p = 0.025), and attitudes (p = 0.032). However,
no statistically significant association was found between the educational level and the
level of practices. Regarding the animal species and farm districts, there was significant
heterogeneity in the number of responders in each category. This variability may have
impacted the results, as a statistically significant association was observed between the
district and levels of attitudes, between the district and levels of knowledge, and between
animal species and the levels of knowledge and attitudes. This could potentially lead to
inaccuracies in generalizing the findings to the broader population.

Table 10. Association between socio-demographic characteristics of food-producing animal establish-
ment operators with knowledge, attitudes, and practices using the Kruskal–Wallis test.

Knowledge Attitudes Practices

Socio-Demographics Median (IQR) p-Value Median (IQR) p-Value Median (IQR) p-Value

Age (years)

18–30 0.71 (0.29)

0.646

0.71 (0.43)

0.371

0.75 (0.31)

0.196
31–45 0.79 (0.27) 0.57 (0.28) 0.66 (0.19)

46–60 0.79 (0.36) 0.57 (0.28) 0.69 (0.25)

>61 0.86 (0.29) 0.57 (0.28) 0.75 (0.18)
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Table 10. Cont.

Knowledge Attitudes Practices

Socio-Demographics Median (IQR) p-Value Median (IQR) p-Value Median (IQR) p-Value

Educational
level

Elementary school graduate 0.61 (0.43)

0.025

0.43 (0.14)

0.032

0.75 (0.31)

0.328

Middle school graduate 0.71 (0.36) 0.43 (0.28) 0.72 (0.12)

High school graduate 0.86 (0.29) 0.57 (0.28) 0.69 (0.18)

Highest education 0.79 (0.29) 0.57 (0.28) 0.69 (0.19)

Master’s degree and doctorate 0.93 (0.07) 0.71 (0.29) 0.75 (0.12)

District
where the
establish-
ment is
located

Nicosia 0.79 (0.29)

0.010

0.57 (0.28)

0.008

0.75 (0.19)

0.135

Larnaca 0.86 (0.22) 0.57 (0.14) 0.69 (0.20)

Limassol 0.75 (0.22) 0.43 (0.14) 0.75 (0.18)

Ammochostos 0.75 (0.45) 0.43 (0.14) 0.63 (0.21)

Paphos 0.71 (0.40) 0.57 (0.35) 0.63 (0.19)

Target
species

Bovine animals 0.86 (0.36)

0.000

0.57 (0.28)

0.000

0.69 (0.19)

0.057
Caprine and ovine animals 0.71 (0.29) 0.57 (0.14) 0.69 (0.19)

Porcine animals 0.90 (0.14) 0.86 (0.26) 0.78 (0.24)

Poultry 0.86 (0.16) 0.71 (0.43) 0.72 (0.15)

Professional
experience

(years)

<4 0.68 (0.45)

0.070

0.36 (0.39)

0.075

0.60 (0.30)

0.178
5–8 0.71 (0.43) 0.43 (0.42) 0.75 (0.19)

9–12 0.79 (0.41) 0.57 (0.28) 0.69 (0.19)

>13 0.86 (0.29) 0.57 (0.28) 0.69 (0.18)

3. Discussion
Antimicrobial resistance and the inappropriate use of antimicrobials are global chal-

lenges, and this issue is also evident in Cyprus [28]. Reducing AMR in both public and
animal health necessitates a coordinated effort from all stakeholders, including operators
of food-producing animal establishments and veterinarians. Gaining insights into the
knowledge and awareness levels regarding antimicrobial resistance among veterinarians
and individuals in rural areas is crucial. This information plays a vital role in the context of
the One Health approach, which aims to address and reduce the growing threat of AMR.

This study is the first of its kind conducted in the Republic of Cyprus to assess the
KAP of veterinarians and operators of food-producing animals establishments concerning
AMR and AMU. The findings revealed that veterinarians generally exhibited a high level of
knowledge, with most reporting an understanding of the severity of AMR. However, there
was a noticeable gap in knowledge regarding the concept of antimicrobial stewardship.
Antimicrobial stewardship is a critical component of a multisectoral strategy to combat
AMR, involving a series of actions designed to promote the responsible and prudent use of
antibiotics [34]. This highlights the need for further awareness and education on AMR and
its management in veterinary practice [35].

All respondents agreed that improved husbandry practices and biosecurity measures
can effectively reduce antibiotic consumption. This attitude was supported by a statistically
significant positive association between the implementation of certain good practices by
operators and the establishment of a contract with a veterinarian for monitoring purposes.
Other studies have similarly shown that veterinarians have a substantial influence on
the attitude of the livestock farmers [36–39], reinforcing the conclusion that continuous
training of veterinarians on the severity of AMR and its connection to antimicrobial use
is crucial. Furthermore, fostering communication between operators of food-producing
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animal establishments and veterinarians is vital for promoting responsible antimicrobial
use [40].

Several veterinarians reported that they often prescribe more than one antimicrobial in
a single prescription. Additionally, more than half of the veterinarians prescribe Category
B antibiotics (polymyxins, quinolones, fluoroquinolones) which are classified as ‘restricted’
according to the European Medicines Agency (EMA) categorization [41]. These antibiotics
are also considered as the highest-priority critically important antimicrobials (HPCIAs) by
the World Health Organization (WHO) [42].

No statistically significant association was found between the knowledge of antibiotic
categorization criteria. and the practices of antibiotic use. This suggests that despite
existing knowledge, attitudes can still lead to unacceptable practices. Similar findings have
highlighted the issue of prescribing critically important antimicrobials as the first line of
treatment across Europe [43–45]. However, according to the latest 2022 report from EMA,
between 2011 and 2022, sales of third- and fourth-generation cephalosporins decreased by
49.0%, sales of fluoroquinolones by 24.7%, sales of other quinolones by 89.7%, and sales of
polymyxins by 81.0%. The inappropriate prescription of antibiotics by veterinarians could
be a significant contributor to the development of antimicrobial resistance, as observed in
previous studies [46,47].

The use of microbiological culture and susceptibility testing to select the appropriate
antibiotics during treatment is not a common practice. A significant negative association
was observed between the use of susceptibility testing and the use of Class B antibiotics.
This suggests that Category B antibiotics are often prescribed without prior microbiological
cultures and susceptibility testing. These findings contradict those of other researchers [48],
who reported that the majority of veterinarians used the susceptibility testing to select
appropriate antimicrobials. Sensitivity testing is an important tool in the veterinary field
for selecting the most suitable antimicrobial product to treat bacterial diseases in animals.
For Class D antibiotics (“prudent use”), they are often used alongside Category B and
Category C antibiotics, while only 2 of the 26 veterinarians in our study used only Class
D antibiotics. A study involving 25 European countries highlighted that the most critical
factors influencing veterinarians’ selection of antibiotics in animal treatment are antibiotic
susceptibility test results, their own experience, the risk of developing AMR, and easy
administration [48]. This observation may suggest a need to improve access to services that
provide susceptibility testing.

The responses gathered from operators of food-producing animal establishments
suggest that participants’ knowledge on AMR and the use of antimicrobials is moderate.
The majority of responsible farm operators of food-producing animals, based on their
declarations, are aware of what antimicrobials are, the withdrawal times for antimicrobials,
and the severity of antimicrobial resistance. However, according to other studies, although
producers are aware that antibiotic misuse is linked to antibiotic resistance, they do not view
it as a major problem. They are also not particularly concerned about the consequences
of the reckless use of antimicrobial medicines and the impact of antimicrobial resistance
on both animal and public health [49,50]. Less than half of the respondents believe that
“accidentally used antimicrobials could contribute to antimicrobial resistance,” reflecting a
lack of sufficient knowledge and negative attitudes toward the issue.

Approximately two-thirds of farm operators of food-producing animals have an
agreement with a veterinarian who monitors their farm. Additionally, the majority of
respondents reported not receiving recommendations for the use of antimicrobials from
non-veterinarians, and almost all indicated that prescriptions are made according to the
instructions of the veterinarian issuing them. However, there is evidence of the potential
misuse of antimicrobial in the surveyed establishments, including practices such as main-
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taining doses of antimicrobial medicines for future use, interrupting the administration of
antimicrobials, and increasing the dose and frequency of antimicrobials when there is no
evidence of an improvement in animal health. Additionally, some operators reported using
antibiotics without consulting a veterinarian. Parameters that could lead to such practices
include inadequate knowledge on prudent use of antimicrobials, and the role of veterinari-
ans in observing the establishments [40]. The results also show that the educational level of
responders was positively linked to the level of knowledge, and the level of attitudes. The
findings of several studies are consistent with this study’s results [27,51].

Good practices are among the most effective methods for preventing antibiotic misuse
and overuse, thus helping to reduce AMR [52–57]. The current study emphasized the adop-
tion of good practices by several participants, including the use of alternatives to antibiotics,
which demonstrated a statistically significant positive association with attitude parameters.
The study also highlighted that positive attitudes are key predictors for the implementation
of good practices. Operators who answered attitude-related questions incorrectly were
less likely to adopt good practices, such as the implementation biosecurity measures, com-
pared to those who responded correctly. Factors that may influence the adoption of good
practices, like biosecurity measures, include collaboration with veterinarians as a source
of information, the operators’ experience, availability of time, and the cost of necessary
investments. As observed in the current study, operators that have an agreement with a
veterinarian to monitor their establishments are more likely to implement good practices
such as the use of alternatives to antibiotics in relation to operators who do not have a
contract with a veterinarian for monitoring their establishments. These findings agree with
those of Rayner et al. (2019), who stated that operators who have regular twice-a-year or
annual visits from their vet may have active, beneficial flock health plans in place including
measures to prevent disease and reduce the use of antibiotics [58]. Regarding the use of
probiotics, operators must be persuaded of the benefits of approaches that reduce antibiotic
usage while ensuring safe and effective health outcomes through probiotic use. According
to a relevant study on the benefits, costs, and considerations of using antibiotic alternatives
in food-producing animals, further research is necessary to confirm that probiotics are
viable long-term alternatives for operators in place of antibiotics [59].

Limitations of the Study

One of the main limitations of this study is the response rate of operators in food-
producing animals, which was 48%. This limits the ability to explore potential variations in
characteristics across different participant categories. As a result, there may be a systematic
non-response bias, as those who chose not to participate likely have different characteristics
than those who did. However, compared to similar studies, this rate is considered relatively
high [60,61]. Similarly, despite capturing the total number of veterinarians in the sector,
their small sample size may lead to potential overestimation of findings related to their re-
sponses. Additionally there was heterogeneity in the number of participants from different
districts and an unequal distribution of operators of establishments across different animal
species. Since the sampling of the studied population was not random but rather based on
convenience, this contributed to the uneven distribution across different data categories.
This approach may have led to an overestimation of positive findings, as it likely included
a higher proportion of individuals with a positive attitude toward antimicrobial resistance
and antimicrobial use.

Misinterpretation and potential ambiguity of questions could also introduce systematic
information bias. To minimize the risk, closed questions were used. However, closed
questions may be prone to a systematic error related to social desirability bias, where
participants may answer in the most socially acceptable way, especially given the sensitive
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nature of the prudent use of antimicrobials. This could result in responses that reflect what
is perceived as the “correct” or socially approved answer rather that the participants’ true
beliefs or practices.

4. Materials and Methods
4.1. Ethical Approval

This study was approved by the Cyprus National Bioethics Committee (CNBC
2024.01.299). Participant consent was obtained electronically from those who received
the questionnaires via email, and via paper forms from those who were given printed
questionnaires. The consent statement was included within the questionnaire itself.

4.2. Place and Period of the Study

The study was conducted across all districts of Republic of Cyprus (Nicosia, Limassol,
Famagusta, Larnaca, and Paphos) between October and December 2024, using an online
questionnaire. The study population consisted of operators of bovine, ovine, caprine,
and porcine establishments, as well as operators of poultry establishments and registered
veterinarians listed in the Veterinary Registry.

4.3. Sampling Method

For the selection of operators of food-producing animal establishments, a non-
proportional stratified random sampling method (with respect to animal species) and
proportional stratified random sampling method (with respect to different districts) were
employed. Regarding the selection of registered veterinarians from the Cypriot Veterinary
Register who are employed in the field of productive animals, data from the Pancyprian
Veterinary Association indicated that there are approximately twenty-six (n = 26) such
veterinarians and they constituted the target population of the study. Regarding operators,
operators of bovine, caprine, and porcine animal establishments registered in the Animal
Identification and Registration System of the Veterinary Services were eligible for inclusion
in the study. Additionally, operators of poultry establishments who are registered in the
central register maintained by the Veterinary Services were also eligible.

Due to reduced responses from the food-producing animal sector, convenience sam-
pling was employed. The sample size for operators was determined to be 341 using
the Raosoft electronic program (http://www.raosoft.com/samplesize.html) (accessed on
11 October 2024). This sample size was calculated based on a 50% response distribution, a
5% margin of error, and a 95% confidence interval. The 50% response rate was assumed be-
cause the actual response rate was unknown as there were no similar previously published
studies from Cyprus to reference.

4.4. Questionnaire Development

Following a comprehensive literature review of comparable studies [49,62–66], two dis-
trict questionnaires were developed: one for veterinarians working in the field of food-
producing animals, and another for operators of food-producing animal establishments. The
reliability of internal consistency was estimated using Cronbach’s alpha, calculated as follows:

a =
k

k − 1

(
1 − ∑k

i=1 σι

σ2
total

)

where k is the number of questions in the scale, σ2
ι represents the variation in each question,

and σ2
total , is the overall variation in the sum of all questions’ scores. Cronbach’s alpha was

calculated to be 0.78 for knowledge, attitudes, and practices questions in the questionnaire
for operators of food-producing animal establishments and at 0.69 for the questionnaire for

http://www.raosoft.com/samplesize.html
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veterinarians. The Cronbach’s alpha values of 0.69 and 0.78 are generally acceptable. The
lower value in the range is slightly below the ideal threshold of 0.7.

The questionnaire includes a declaration of consent to participate in the study and is
divided into four sections, predominantly consisting of closed-type questions. The first
section addresses the socio-demographic characteristics of the participants. The second
section focuses on gathering information related to knowledge of antimicrobial resistance
and the use of antimicrobials. The third section is designed to assess respondents’ attitudes
toward antimicrobial use and antimicrobial resistance. The fourth section examines the
practices of animal producers concerning the topics being studied. Both negative and
positive elements were included for each topic.

A score of “1” was assigned for each correct answer, while a score of “0” was given
for incorrect or doubtful responses. Based on previous studies [67,68], a high level of
knowledge was associated with a correct response rate above 82%, a moderate level with a
correct response rate between 55 and 82%, and a low level of knowledge with a rate below
55%. Regarding good practices, the corresponding percentages were above 58%, between
35 and 58%, and below 35%. A positive attitude was defined by a correctness rate of more
than 63%, while a negative attitude was associated with a correctness rate of less than 63%.

4.5. Method of Data Collection

Data were collected using Google Forms (retrieved 20 October 2024, from https:
//forms.google.com.

The link was sent via e-mail. For operators of animal establishments, printed question-
naires were also provided as an alternative method of data collection.

4.6. Statistical Analysis and Data Processing

The data were analyzed using the software GNU PSPP version 2.0.1-gff8d3d. The
data collection involved two main categories of responses: ‘yes’, and ‘no’ or ‘don’t know’,
concerning various knowledge, attitudes, and practices related to antimicrobial use and
antimicrobial resistance. For the correct/positive or correct/negative responses, the value
“1” was assigned, while for the incorrect/negative or incorrect/positive answers, or if the
response was “don’t know”, the value “0” was given.

Initially, descriptive statistical methods were applied, using absolute frequencies (n)
and relative frequencies (%) to evaluate demographic characteristics, as well as the level of
knowledge, attitudes, and practices related to antimicrobial use and antimicrobial resistance.

To assess the influence of various factors of attitudes, knowledge, and practices on
certain good practices (e.g., knowledge and implementation of biosecurity measures and
the use of alternatives to antibiotics), a list of all potential independent variables was first
compiled, and relevant tables of relevance (cross-tabulations) were created. The statistical
test χ2 was applied with an alpha level of significance set at 0.05 for all inferential statistics.
In the next step, multiple logistic regression models were created, including variables for
which the probability of falsely rejecting the null hypothesis (i.e., the p-value) was less than
α = 0.05.

Multivariable logistic regression was used, with responses related to attitudes as inde-
pendent variables and a dichotomous assessment of the implementation of good practices as
the dependent variable. The multivariable logistic regression models were used to estimate
the adjusted odds ratio for the variables under examination, such as “agreement with a
veterinarian”, and other attitude-related factors described with detail in Tables 7 and 8. The
results were expressed as odds ratios (ORs) with 95% confidence intervals (95% CIs), and a
p-value of <0.05 was used as the threshold for statistical significance.

https://forms.google.com
https://forms.google.com
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To explore the association between socio-demographic characteristics and knowledge,
attitudes, and practices, the non-parametric Kruskal–Wallis test was employed.

5. Conclusions
It has emerged that the role of the veterinarian is crucial in encouraging producers to

adopt good practices. Additionally, the role of veterinarians is essential in changing the
behavior of stakeholders involved in veterinary practices. Changes in the attitudes and
practices of veterinarians in Cyprus regarding antimicrobial use are essential. This can be
achieved by further promoting continuous education and the dissemination of information
within the veterinary sector about the use of antimicrobial medicinal products and AMR
at both undergraduate and postgraduate levels. Additionally, promoting antimicrobial
stewardship is crucial to educate and support veterinarians following adopting evidence-
based practices for prescribing and administering the highest-priority critically important
antimicrobials (HPCIAs). For operators of food-producing animal establishments, it is
important to note that positive attitudes were predictors of good practices. However,
further efforts are needed to strengthen collaboration between operators and veterinarians
to achieve higher rates of good practices. Programs must be designed to raise awareness
about the risks of antimicrobial resistance and the importance of responsible antibiotic use
should be expanded. Operators of animal establishments should understand the broader
impact of AMR on public health, animal health, and the environment.

Although improving the awareness and understanding of AMR is one of the primary
objectives of the Cyprus AMR National Action Plan, the results of the current study
suggest that there is still significant progress to be made. There is an urgent need to
enhance the awareness and understanding of AMR through effective communication,
education, and training, involving all stakeholders and facilitating behavioral change
interventions. Previous research has shown that experience gained through appropriate
training, access to published literature, and the availability of treatment guidelines play a
crucial role in changing veterinarians’ prescribing behavior [69]. There is a need to establish
evidence-based guidelines for prescribing antimicrobials, particularly for “restricted” and
“highest-priority” antibiotics, which should emphasize the importance of microbiological
cultures and susceptibility tests before prescribing antimicrobials. Veterinarians should be
encouraged or required to use diagnostic tools. Financial or logistical support could be
provided to make these tests more accessible to veterinary practices.

There is a strong need for policies that enforce the restricted use of the highest-priority
antibiotics. These measures should be coupled with more robust governance to ensure
that both veterinarians and farm operators adhere to best practices in antimicrobial use.
Furthermore, continuous training and information dissemination should be prioritized in
the veterinary sector to keep up with evolving guidelines and resistance patterns.

Governments, veterinary associations, and industry groups could launch commu-
nication campaigns targeting farm operators, focusing on the importance of following
veterinarian advice and reducing antimicrobial use where possible. Veterinary associations,
governments, and research institutions should work together to develop and implement
policies, guidelines, and educational campaigns that promote the responsible use of antimi-
crobials in food-producing animals.
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tioners’ Standpoints and Comprehension towards Antimicrobial Use—Are There Opportunities for Antimicrobial Stewardship
Improvement? Antibiotics 2022, 11, 867. [CrossRef] [PubMed]

40. Reyher, K.K.; Barrett, D.C.; Tisdall, D.A. Achieving Responsible Antimicrobial Use: Communicating with Farmers. Practice 2017,
39, 63–71. [CrossRef]

41. EMA/CVMP/CHMP. Categorisation of Antibiotics in the European Union. Eur. Med. Agence. 2019, 31, 1–73.
42. WHO. Critically Important Antimicrobials for Human Medicine, 6th Revision; WHO: Geneva, Switzerland, 2019.

https://doi.org/10.1098/rspb.2016.0150
https://www.ncbi.nlm.nih.gov/pubmed/23204579
https://doi.org/10.1098/rstb.2014.0083
https://doi.org/10.1016/j.onehlt.2016.03.001
https://www.ncbi.nlm.nih.gov/pubmed/28616478
https://doi.org/10.2903/j.efsa.2021.6651
https://www.ncbi.nlm.nih.gov/pubmed/34178158
https://doi.org/10.1016/j.lanwpc.2020.100084
https://doi.org/10.3390/antibiotics10070784
https://doi.org/10.1016/j.prevetmed.2020.105087
https://doi.org/10.2903/j.efsa.2024.8583
https://doi.org/10.2903/j.efsa.2018.5182
https://doi.org/10.1016/j.prevetmed.2018.10.021
https://doi.org/10.3168/jds.2008-1575
https://www.ncbi.nlm.nih.gov/pubmed/19528628
https://doi.org/10.1080/00480169.2016.1246214
https://www.ncbi.nlm.nih.gov/pubmed/27748166
https://doi.org/10.1080/21642850.2019.1577738
https://www.ncbi.nlm.nih.gov/pubmed/34040838
https://doi.org/10.3390/antibiotics11070867
https://www.ncbi.nlm.nih.gov/pubmed/35884121
https://doi.org/10.1136/inp.j341


Antibiotics 2025, 14, 251 22 of 23

43. De Briyne, N.; Atkinson, J.; Borriello, S.P.; Pokludová, L. Antibiotics Used Most Commonly to Treat Animals in Europe. Vet. Rec.
2014, 175, 325. [CrossRef]

44. Buckland, E.L.; O’Neill, D.; Summers, J.; Mateus, A.; Church, D.; Redmond, L.; Brodbelt, D. Characterisation of Antimicrobial
Usage in Cats and Dogs Attending UK Primary Care Companion Animal Veterinary Practices. Vet. Rec. 2016, 179, 489. [CrossRef]
[PubMed]

45. Van Cleven, A.; Sarrazin, S.; De Rooster, H.; Paepe, D.; Van der Meeren, S.; Dewulf, J. Antimicrobial Prescribing Behaviour in
Dogs and Cats by Belgian Veterinarians. Vet. Rec. 2018, 182, 324. [CrossRef]

46. Ventola, C.L. The Antibiotic Resistance Crisis: Part 1: Causes and Threats. Pharm. Ther. 2015, 40, 277.
47. Weese, J.S.; Giguère, S.; Guardabassi, L.; Morley, P.S.; Papich, M.; Ricciuto, D.R.; Sykes, J.E. ACVIM Consensus Statement on

Therapeutic Antimicrobial Use in Animals and Antimicrobial Resistance. J. Vet. Intern. Med. 2015, 29, 487–498. [CrossRef]
[PubMed]

48. De Briyne, N.; Atkinson, J.; Pokludová, L.; Borriello, S.P.; Price, S. Factors Influencing Antibiotic Prescribing Habits and Use of
Sensitivity Testing amongst Veterinarians in Europe. Vet. Rec. 2013, 173, 475. [CrossRef]

49. Sadiq, M.B.; Syed-Hussain, S.S.; Ramanoon, S.Z.; Saharee, A.A.; Ahmad, N.I.; Noraziah, M.Z.; Khalid, S.F.; Naseeha, D.S.;
Syahirah, A.A.; Mansor, R. Knowledge, Attitude and Perception Regarding Antimicrobial Resistance and Usage among Ruminant
Farmers in Selangor, Malaysia. Prev. Vet. Med. 2018, 156, 76–83. [CrossRef] [PubMed]

50. Carter, R.R.; Sun, J.; Jump, R.L.P. A Survey and Analysis of the American Public’s Perceptions and Knowledge About Antibiotic
Resistance. Open Forum Infect. Dis. 2016, 3, ofw112. [CrossRef]

51. Alhaji, N.B.; Isola, T.O. Antimicrobial Usage by Pastoralists in Food Animals in North-Central Nigeria: The Associated Socio-
Cultural Drivers for Antimicrobials Misuse and Public Health Implications. One Health 2018, 6, 41–47. [CrossRef] [PubMed]

52. Allen, H.K.; Levine, U.Y.; Looft, T.; Bandrick, M.; Casey, T.A. Treatment, Promotion, Commotion: Antibiotic Alternatives in
Food-Producing Animals. Trends Microbiol. 2013, 21, 114–119. [CrossRef] [PubMed]

53. Cheng, G.; Hao, H.; Xie, S.; Wang, X.; Dai, M.; Huang, L.; Yuan, Z. Antibiotic Alternatives: The Substitution of Antibiotics in
Animal Husbandry? Front. Microbiol. 2014, 5, 217. [CrossRef]

54. Allen, H.K.; Trachsel, J.; Looft, T.; Casey, T.A. Finding Alternatives to Antibiotics. Ann. N. Y. Acad. Sci. 2014, 1323, 91–100.
[CrossRef] [PubMed]

55. Dhaka, P.; Chantziaras, I.; Vijay, D.; Bedi, J.S.; Makovska, I.; Biebaut, E.; Dewulf, J. Can Improved Farm Biosecurity Reduce the
Need for Antimicrobials in Food Animals? A Scoping Review. Antibiotics 2023, 12, 893. [CrossRef]

56. Jimenez, C.E.P.; Keestra, S.; Tandon, P.; Cumming, O.; Pickering, A.J.; Moodley, A.; Chandler, C.I.R. Biosecurity and Water,
Sanitation, and Hygiene (WASH) Interventions in Animal Agricultural Settings for Reducing Infection Burden, Antibiotic Use,
and Antibiotic Resistance: A One Health Systematic Review. Lancet Planet. Health 2023, 7, e418–e434. [CrossRef] [PubMed]

57. More, S.J. European Perspectives on Efforts to Reduce Antimicrobial Usage in Food Animal Production. Ir. Vet. J. 2020, 73, 2.
[CrossRef] [PubMed]

58. Rayner, A.C.; Higham, L.E.; Gill, R.; Michalski, J.-P.; Deakin, A. A Survey of Free-Range Egg Farmers in the United Kingdom:
Knowledge, Attitudes and Practices Surrounding Antimicrobial Use and Resistance. Vet. Anim. Sci. 2019, 8, 100072. [CrossRef]
[PubMed]

59. Leistikow, K.R.; Beattie, R.E.; Hristova, K.R. Probiotics beyond the Farm: Benefits, Costs, and Considerations of Using Antibiotic
Alternatives in Livestock. Front. Antibiot. 2022, 1, 1003912. [CrossRef] [PubMed]

60. Chapot, L.; Sarker, M.S.; Begum, R.; Hossain, D.; Akter, R.; Hasan, M.M.; Bupasha, Z.B.; Bayzid, M.; Salauddin, M.; Parvej,
M.S. Knowledge, Attitudes and Practices Regarding Antibiotic Use and Resistance among Veterinary Students in Bangladesh.
Antibiotics 2021, 10, 332. [CrossRef]

61. Odoi, A.; Samuels, R.; Carter, C.N.; Smith, J. Antibiotic Prescription Practices and Opinions Regarding Antimicrobial Resistance
among Veterinarians in Kentucky, USA. PLoS ONE 2021, 16, e0249653. [CrossRef] [PubMed]

62. Speksnijder, D.C.; Jaarsma, A.D.C.; van der Gugten, A.C.; Verheij, T.J.M.; Wagenaar, J.A. Determinants Associated with Veterinary
Antimicrobial Prescribing in Farm Animals in the Netherlands: A Qualitative Study. Zoonoses Public Health 2015, 62, 39–51.
[CrossRef]

63. Eltayb, A.; Barakat, S.; Marrone, G.; Shaddad, S.; Stålsby Lundborg, C. Antibiotic Use and Resistance in Animal Farming: A
Quantitative and Qualitative Study on Knowledge and Practices among Farmers in Khartoum, Sudan. Zoonoses Public Health
2012, 59, 330–338. [CrossRef] [PubMed]

64. Speksnijder, D.C.; Jaarsma, D.A.C.; Verheij, T.J.M.; Wagenaar, J.A. Attitudes and Perceptions of Dutch Veterinarians on Their Role
in the Reduction of Antimicrobial Use in Farm Animals. Prev. Vet. Med. 2015, 121, 365–373. [CrossRef] [PubMed]

65. Visschers, V.H.M.; Backhans, A.; Collineau, L.; Iten, D.; Loesken, S.; Postma, M.; Belloc, C.; Dewulf, J.; Emanuelson, U.; Beilage,
E.G.; et al. Perceptions of Antimicrobial Usage, Antimicrobial Resistance and Policy Measures to Reduce Antimicrobial Usage in
Convenient Samples of Belgian, French, German, Swedish and Swiss Pig Farmers. Prev. Vet. Med. 2015, 119, 10–20. [CrossRef]
[PubMed]

https://doi.org/10.1136/vr.102462
https://doi.org/10.1136/vr.103830
https://www.ncbi.nlm.nih.gov/pubmed/27543064
https://doi.org/10.1136/vr.104316
https://doi.org/10.1111/jvim.12562
https://www.ncbi.nlm.nih.gov/pubmed/25783842
https://doi.org/10.1136/vr.101454
https://doi.org/10.1016/j.prevetmed.2018.04.013
https://www.ncbi.nlm.nih.gov/pubmed/29891148
https://doi.org/10.1093/ofid/ofw112
https://doi.org/10.1016/j.onehlt.2018.11.001
https://www.ncbi.nlm.nih.gov/pubmed/30533485
https://doi.org/10.1016/j.tim.2012.11.001
https://www.ncbi.nlm.nih.gov/pubmed/23473629
https://doi.org/10.3389/fmicb.2014.00217
https://doi.org/10.1111/nyas.12468
https://www.ncbi.nlm.nih.gov/pubmed/24953233
https://doi.org/10.3390/antibiotics12050893
https://doi.org/10.1016/S2542-5196(23)00049-9
https://www.ncbi.nlm.nih.gov/pubmed/37164518
https://doi.org/10.1186/s13620-019-0154-4
https://www.ncbi.nlm.nih.gov/pubmed/32002180
https://doi.org/10.1016/j.vas.2019.100072
https://www.ncbi.nlm.nih.gov/pubmed/32734089
https://doi.org/10.3389/frabi.2022.1003912
https://www.ncbi.nlm.nih.gov/pubmed/39816405
https://doi.org/10.3390/antibiotics10030332
https://doi.org/10.1371/journal.pone.0249653
https://www.ncbi.nlm.nih.gov/pubmed/33857198
https://doi.org/10.1111/zph.12168
https://doi.org/10.1111/j.1863-2378.2012.01458.x
https://www.ncbi.nlm.nih.gov/pubmed/22333519
https://doi.org/10.1016/j.prevetmed.2015.08.014
https://www.ncbi.nlm.nih.gov/pubmed/26341466
https://doi.org/10.1016/j.prevetmed.2015.01.018
https://www.ncbi.nlm.nih.gov/pubmed/25684036


Antibiotics 2025, 14, 251 23 of 23

66. Tufa, T.B.; Regassa, F.; Amenu, K.; Stegeman, J.A.; Hogeveen, H. Livestock Producers’ Knowledge, Attitude, and Behavior (KAB)
Regarding Antimicrobial Use in Ethiopia. Front. Vet. Sci. 2023, 10, 1167847. [CrossRef]

67. Mudenda, S.; Mukosha, M.; Godman, B.; Fadare, J.; Malama, S.; Munyeme, M.; Hikaambo, C.N.; Kalungia, A.C.; Hamachila, A.;
Kainga, H.; et al. Knowledge, Attitudes, and Practices of Community Pharmacy Professionals on Poultry Antibiotic Dispensing,
Use, and Bacterial Antimicrobial Resistance in Zambia: Implications on Antibiotic Stewardship and WHO AWaRe Classification
of Antibiotics. Antibiotics 2022, 11, 1210. [CrossRef] [PubMed]

68. Vijay, D.; Bedi, J.S.; Dhaka, P.; Singh, R.; Singh, J.; Arora, A.K.; Gill, J.P.S. Knowledge, Attitude, and Practices (Kap) Survey among
Veterinarians, and Risk Factors Relating to Antimicrobial Use and Treatment Failure in Dairy Herds of India. Antibiotics 2021, 10, 216.
[CrossRef] [PubMed]

69. Wangmo, K.; Dorji, T.; Pokhrel, N.; Dorji, T.; Dorji, J.; Tenzin, T. Knowledge, Attitude, and Practice on Antibiotic Use and
Antibiotic Resistance among the Veterinarians and Para-Veterinarians in Bhutan. PLoS ONE 2021, 16, e0251327. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fvets.2023.1167847
https://doi.org/10.3390/antibiotics11091210
https://www.ncbi.nlm.nih.gov/pubmed/36139990
https://doi.org/10.3390/antibiotics10020216
https://www.ncbi.nlm.nih.gov/pubmed/33671483
https://doi.org/10.1371/journal.pone.0251327

	Introduction 
	Results 
	Socio-Demographic Characteristics of Respondents 
	Knowledge, Attitudes, and Practices of Veterinarians on AMR and AMU 
	Association Between Factors Related to Knowledge, Attitudes, and Practices 
	Knowledge, Attitudes, and Practices of Operators of Establishment Keeping Food-Producing Animals on AMR and AMU 
	Association Between Factors Related to Knowledge, Attitudes, and Practices for Operators of Establishments 
	Association Between Socio-Demographic Characteristics of Operators of Food-Producing Animal Establishments with Knowledge, Attitudes, and Practices 

	Discussion 
	Materials and Methods 
	Ethical Approval 
	Place and Period of the Study 
	Sampling Method 
	Questionnaire Development 
	Method of Data Collection 
	Statistical Analysis and Data Processing 

	Conclusions 
	References

