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Simple Summary: The objective of this study was to evaluate the knowledge, attitudes, and practices
(KAP) of broiler poultry farmers (BPF) in Nepal concerning the use of antimicrobials (AMU) and the
issue of antimicrobial resistance (AMR). A total of 500 farmers from all seven provinces of Nepal,
spanning 40 districts, participated in this study. The collected data, encompassing AMU, demographic
distribution, and KAP regarding AMU and AMR among BPF, underwent descriptive statistic and
logistic regression analysis. This study’s results revealed that BPF possessed limited understanding
and engagement in practices related to AMU and AMR, whereas they exhibited positive attitudes.
This highlights the importance of implementing effective regulatory measures, improving veterinary
services, and providing training and awareness programs to address the issue of AMR in the poultry
farming sector.

Abstract: The purpose of this study was twofold: first, to conduct a situational analysis, and second,
to assess the knowledge, attitudes, and practices (KAP) of broiler poultry farmers (BPF) regarding
antimicrobial use (AMU) and antimicrobial resistance (AMR). Data were collected from 500 BPF
across 40 districts, representing 88.1% of Nepal’s broiler poultry population. Among these farmers,
81.0% were male, 59.6% had up to 4 years of experience in poultry farming, and 50.8% had completed
at least a high school education. The most used antimicrobials on the farms were doxycycline
(23.5%), neomycin (17.1%), and colistin sulfate (9.6%) out of 27 reported antimicrobials. While the
BPF exhibited limited knowledge (62.6%) and practice (55.5%) related to AMU and AMR, their
overall attitude toward these issues was positive (91.6%). This study also identified significant
factors influencing farmers’ attitudes toward AMU and AMR. Farmers aged 31–40 showed a stronger
inclination compared to other age groups (OR = 4.2, p = 0.02), and those using antimicrobials for
preventive purposes had a more favorable attitude compared to those using them for other purposes
(OR = 5.9, p = 0.02). In light of these findings, this study recommends the implementation of effective
regulatory measures for drug usage, along with awareness programs addressing AMU and AMR to
address the issue of AMR in poultry production.

Keywords: antimicrobial resistance; antimicrobial use; broiler poultry farmer; KAP; Nepal

1. Introduction

The global concern regarding antimicrobial resistance (AMR) has gained significant
importance, particularly within the context of the One Health approach. The improper use
of antimicrobials in both human and veterinary medicine is leading to the emergence of
resistant bacteria [1]. The emergence of AMR in animal production has consequences for
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human health through the food production chain [2]. On a global scale, AMR is responsible
for 700,000 human deaths annually. If immediate action is not taken, it is estimated that
by 2050, the economic cost of AMR infections could reach USD 100 trillion, potentially
resulting in approximately 10 million human deaths [3]. Low- and middle-income countries
are grappling with more significant challenges related to AMR compared to developed
countries [4]. Consequently, raising awareness about antimicrobial usage (AMU) among
various stakeholders involved in livestock production can be a potent strategy for managing
and preventing AMR.

Antimicrobials play a crucial role in managing and controlling bacterial infections
and promoting growth in food-producing animals, such as poultry [5]. However, the
use of antimicrobials as growth promoters in animal feed has been prohibited in several
countries like Sweden and the United States [6,7]. Furthermore, Nepal banned the use of
a growth promoter in 2017 [8]. The use of antimicrobials in poultry has led to favorable
outcomes, including a decrease in disease occurrence, reduced morbidity and mortality
rates, improved animal health, increased productivity, and higher economic returns [9].
Nonetheless, employing antimicrobial agents may result in various adverse consequences
for human, animal, and environmental health. This impact encompasses the emergence
of AMR, heightened health hazards for both animals and humans, diminished choices
in antimicrobial treatments, environmental contamination, economic repercussions, and
potential global health crises.

In Nepal, commonly used antimicrobials for poultry production encompassed amikacin,
gentamicin, streptomycin, cefotaxime, ceftazidime, ciprofloxacin, ampicillin, colistin, sul-
famethoxazole, and tetracycline [8]. However, improper antimicrobial usage can create an
environment conducive to the development of resistant bacteria, which can transfer their re-
sistant determinants within and among different bacterial species [10,11]. Previous studies
have reported the characterization of both phenotypic and genotypic resistance profiles in
strains isolated from poultry, including Escherichia coli and Enterococcus faecalis [12,13]. The
efficacy of available antimicrobials is gradually diminishing due to the global dissemination
of multidrug resistance (MDR) mechanisms in both commensal and pathogenic bacteria [5].

Poultry meat and eggs play a significant role as a primary source of animal protein in
Nepal, contributing to the country’s economic growth. In 2021, the Nepalese government
achieved self-sufficiency in poultry meat and egg production. While Nepal’s Ministry of
Health and Population approved the National Antibiotic Containment Action Plan in 2016
and the National Antibiotic Treatment Guideline in 2014, both aimed at human health [14],
it is worth noting that Nepal’s Drug Act of 1978 lacks provisions for regulating veterinary
drugs. Given this situation, the responsible use of antimicrobials in animals in Nepal is of
utmost importance.

The knowledge, attitude, and practice (KAP) study is a widely employed quantita-
tive research method that helps uncover misconceptions or misunderstandings that may
pose challenges in altering human behavior and potentially act as barriers to change [15].
The process of modifying human behavior involves three consecutive stages: acquiring
knowledge, shaping attitudes, and developing behaviors [16]. A KAP survey involves in-
vestigating the behaviors of a representative target group to gather information about their
understanding, beliefs, and actions concerning a specific topic [15]. The lack of awareness
about AMU and AMR among various stakeholders involved in poultry production can
exacerbate the AMR issue, potentially posing risks to public health. The rational use of
antimicrobials is closely linked to the KAP of farmers, who are the end-users of antimi-
crobials. This connection, guiding the farmer, is a crucial factor in the success of efforts to
prevent and control AMR.

In the realm of livestock production, the main factors contributing to the development
of AMR in animals include farmers’ tendency to self-prescribe medications, unauthorized
antimicrobial use (AMU), and the absence of regulations governing AMU. To effectively
mitigate AMR, several key measures should be taken, including promoting the responsible
use of antimicrobials, monitoring the prevalence of AMR, raising awareness about AMR,
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encouraging efficient antimicrobial practices, enacting relevant legislation, and establishing
regulatory mechanisms to curb AMR. While more data are yet to be reported regarding the
economic and livestock health impacts of AMR in developing countries, it is evident that
veterinarians, as integral components of the AMR solution, should undergo comprehensive
training and operate under the supervision of veterinary regulatory bodies [17,18]. Under-
standing the practices of AMU among farmers is crucial because farmers’ KAP significantly
shapes the patterns of AMU in livestock farming [19]. Therefore, the aim of this study is to
assess the state of AMU in broiler poultry farms and evaluate the KAP pertaining to AMU
and AMR among farmers involved in broiler poultry production in Nepal. The results of
this study have the potential to offer valuable insights to policymakers in their efforts to
address AMR both at the national and global levels.

2. Materials and Methods
2.1. Questionnaire

The questionnaires were structured to encompass various aspects, including demo-
graphic details, an assessment of AMU conditions, and an evaluation of KAP associated
with AMU and AMR among farmers. The majority of the questions were in a multiple-
choice format. Demographic information covered aspects such as age, gender, educational
level, work experience, province, and ecozone. Questions related to AMU delved into
various aspects of poultry management, including the type, frequency, source, and storage
of antimicrobials, as well as farm management regarding flock size, bird health, farm
biosecurity, mortality rates, clinical signs, and disease occurrence. Knowledge-related
questions focused on topics such as AMU, withdrawal periods for antimicrobials, AMR
transmission, and government policies regarding AMU. In terms of perceptions about
AMU and AMR, the attitude section explored aspects such as the safety of AMU and
the use of nonprescribed antimicrobials. Finally, the practice-related questions sought
information on completing full courses of AMU, skipping doses, the frequency of AMU,
and the verification of antimicrobial expiration dates.

2.2. Validation of the Questionnaire

Before commencing the actual survey, a pre-test of the questionnaires was conducted,
involving the random selection of five farmers. Following this, the questionnaire underwent
validation by being submitted to three experts in the field. These experts assessed the
questionnaire items for their congruence with the study objectives using the item-objective
congruence (IOC) index. For each section of the questionnaires, the IOC point was assigned
a rating. To assess the consistency and congruence of all elements, experts were presented
with a three-scale rating, and they were required to provide a single rating from these
options. The overall IOC value of this set of questionnaires was determined to be 0.9.

2.3. Study Area

This study involved 500 broiler poultry farmers (BPFs) selected from 40 districts across
Nepal’s seven provinces, namely, Sudurpaschim, Karnali, Lumbini, Gandaki, Bagmati,
Madhesh, and Koshi. The selection criteria were based on the areas with the highest broiler
poultry population density in the country. At least three districts from each province and
ecozone of Nepal were selected for this study. In total, the study area covered 88.1% of
Nepal’s broiler population.

Specifically, the selected districts, which were all included in the farmer questionnaire
survey, included the following: Sudurpaschim province (Bajura, Kailali, and Kanchan-
pur); Karnali province (Surkhet, Dailekh, and Jajarkot); Lumbini province (Banke, Bardia,
Dang, Gulmi, Palpa, Pyuthan, and Rupandehi); Gandaki province (Baglung, Gorkha,
Kaski, Nawalparasi East, Syangjha, and Tanahun); Bagmati province (Bhaktapur, Chitwan,
Dhading, Kathmandu, Kavreplanchok, Lalitpur, Makawanpur, Nuwakot, Sindhuli, and
Sindhupalchok); Madhesh province (Bara, Mahottari, Rautahat, Saptari, and Siraha); and
Koshi province (Ilam, Jhapa, Morang, Okhaldunga, Sunsari, and Udayapur) (Figure 1).
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2.4. Study Population and Sample Size Determination

In Nepal, there were 52.7 million broiler poultry distributed across 20,483 farms in
the year 2017. Among the selected 40 districts, there were a total of 46.4 million broiler
poultry and 17,601 farms [20]. In this context, the term “farmers” refers to individuals
involved in poultry farming, including owners, staff, technicians, or veterinarians responsi-
ble for farm management and medication. The number of survey participants per district
was determined based on the proportion of the broiler population, with one respondent
per farm.

To calculate the total number of farmers/respondents required for the questionnaire
survey, a single proportion calculation was performed using a 95% confidence interval and
a desired precision of 5%, assuming a 50% estimated response rate. The minimum sample
size for respondents was determined to be at least 392 farmers.

2.5. Questionnaire Survey and Data Collection

Between May 2022 and May 2023, a cross-sectional study involving broiler poultry
farmers was conducted. The data collection process involved face-to-face interviews with
the BPF using a semi-structured questionnaire. These interviews were carried out by a team
of 46 trained veterinarians. All participating veterinarians involved in the farmer survey
received orientation, with some attending in-person sessions across various locations within
the seven provinces, while others received their orientation through online resources, video
tutorials, or phone consultations. Initially, the questionnaires were prepared in English and
were subsequently translated into Nepali for data collection purposes. All the data were
recorded using EpiCollect5 (http://five.epicollect.net, accessed on 2 October 2023). Prior to
participating, each farmer received an explanation of the survey’s objectives and purpose.
The inclusion in this study was restricted to those farmers who provided their consent. To
validate the information regarding AMU supplied by the farmers, records, antimicrobial
photos, and antimicrobial labels or packaging materials were used.

2.6. Statistical Analysis

The data collected through the questionnaire survey underwent several steps for pro-
cessing and validation in Microsoft Excel 365. Responses to the questionnaire were assigned
numerical codes from 1 to 5 for “Completely agree”, “Agree”, “Disagree”, “Completely
disagree”, and “Do not know”. These codes were used to calculate the overall KAP score.
To categorize KAP scores as either “Good” or “Not good”, the median value was computed
for each respondent based on their responses. If a respondent’s overall median value was

http://five.epicollect.net
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below or equal to the calculated median, their KAP was considered “Good”, while a value
above the median indicated a “Not good” KAP level.

Descriptive analysis was carried out to provide an overview of the AMU situation
and KAP among farmers. Logistic regression analyses were used to identify associations
between variables related to KAP and the outcome variables of AMU and AMR. Inde-
pendent variables with a p-value less than 0.1 in the univariate analysis were selected
for inclusion in the multivariate analysis. The results of univariate logistic regression
analysis were considered statistically significant if the p-value of the variables in the final
multivariate analysis was p < 0.05. All statistical analyses were performed using STATA/SE
14 (StataCorp, College Station, TX, USA), and QGIS 3.4 (https://www.qgis.org/en/site/,
accessed on 2 October 2023) was used to depict the spatial distribution of sampling locations
on a map.

3. Results
3.1. Demographic Characteristics of BPF

Out of the 500 participating BPF, their distribution across different regions of Nepal
was as follows: Terai region (53.8%), Hill region (42.2%), and Mountain region (4.0%) of
Nepal (Table 1). The highest number of participants originated from the Bagmati province
(31.6%), followed by Lumbini (17.2%), Koshi (17.0%), and Gandaki (12.6%), while the
lowest number of participants came from the Karnali provinces (5.4%). The majority of the
BPF were male (81.0%) and had an average age of 36.7 ± 9.0 (31–40) years (41.4%). In terms
of experience, most farmers had 0–4 years of experience (59.6%), possessed a high school
education (50.8%), and had completed primary education (26.8%).

Table 1. Demographic distribution and farm management on the BPF (n = 500).

Variable N (%)
Terai 269 (53.8)
Hill 211 (42.2)Ecozone

Mountain 20 (4.0)

Province

Bagmati 158 (31.6)
Lumbini 86 (17.2)

Koshi 85 (17.0)
Gandaki 63 (12.6)
Madhesh 51 (10.2)

Sudurpaschim 30 (6.0)
Karnali 27 (5.4)

Male 405 (81.0)
Gender Female 95 (19.0)

Age (year)

18–30 134 (26.8)
31–40 207 (41.4)
41–60 155 (31.0)
>60 4 (0.8)

Farming experience (year)

0–4 298 (59.6)
5–8 135 (27.0)
9–12 43 (8.6)
>13 24 (4.8)

Education level of respondent

Illiterate 43 (8.6)
Primary school 134 (26.8)

High school 254 (50.8)
Graduate 69 (13.8)

Flock size (bird head)
Small (<1500) 289 (57.8)

Medium (≥1500–5000) 147 (29.4)
Large (>5000) 64 (12.8)

https://www.qgis.org/en/site/
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Table 1. Cont.

Variable N (%)

Source of feed
Commercial 493 (98.6)
Homemade 7 (1.4)

Source of water used for animals

Groundwater 237 (47.4)
Municipality 206 (41.2)

Deep well 54 (10.8)
Other 3 (0.6)

Concerning farm size, 57.8% of the farms were categorized as small (<1500 birds),
while 29.4% and 12.8% were classified as medium (1501–5000 birds) and large (>5000 birds),
respectively (Table 1). The average flock size in these poultry farms was 3155 ± 10,967.0
(250–178,000) birds. Nearly all farmers (98.6%) reported using commercial feed for their
birds. Regarding water sources, most respondents relied on groundwater (47.4%), fol-
lowed by municipal supply (41.2%), and a smaller proportion used deep wells (10.8%).
Furthermore, the average mortality rate among broiler poultry flocks was 9.3 ± 15.5%,
with values ranging from 0% to 100%. On average, the income per 100 birds per batch in
broiler poultry farming amounted to USD 43.8 ± 22.6 (0–105.7) and USD 1617.2 ± 279.0
(0–102,459.0), respectively, while the average cost of medicine per 100 birds was reported as
USD 6.9 ± 7.5 (0–49.8).

3.2. Antimicrobial Use in BPF

In Nepal, nearly all BPF had easy access to antimicrobials within the study area, primar-
ily attributed to the availability of over-the-counter sales of veterinary drugs. The poultry
production sector employed a total of 27 different types of antimicrobials belonging to
13 distinct classes. Among these, the most commonly used class of antimicrobials was tetra-
cyclines (28.0%), followed by aminoglycosides (21.5%), quinolones (13.0%), and polymyxins
(9.6%) (Figure 2). Concerning antimicrobial combinations, the neomycin–doxycycline com-
bination (22.4%) was the most frequently used, followed by colistin sulfate–amoxicillin
(4.8%). Colistin sulfate was often used in combination with amoxicillin, gentamicin, tylosin,
doxycycline, and tetracycline, while doxycycline was frequently combined with gentamicin,
neomycin, and tylosin.

On average, during each cycle of broiler production, antimicrobials were employed
approximately 1.6 (0–4) times across 781 cases of 500 responses. Approximately 9.2% of
the farmers reported never using antimicrobials throughout the production cycle, while
the remaining 90.8% of farmers used antimicrobials at least once. Among the 908 multiple
responses, the most used antimicrobials were doxycycline (23.5%), neomycin (17.1%), and
colistin sulfate (9.6%) (Figure 3).

Regarding the purpose for which antimicrobials were used in animal feed, approxi-
mately 72.7% of farmers used them for treating poultry diseases, followed by prevention
and control (18.2%) and growth promotion (3.1%). Approximately half (50.1%) of the
farmers obtained antimicrobials directly from drug sellers. In contrast, only 33.4% and
10.3% of farmers purchased antimicrobials with prescriptions from veterinarians and
para-veterinarians, respectively. Based on frequently observed clinical signs, digestive
system-related signs (39.6%) were the most commonly reported, followed by respiratory
system-related signs (37.7%). The use of antimicrobials in broiler production predominantly
occurred during the first 3 days (16.6%) and slightly during days 4–10 (12.3%). Antimi-
crobial usage peaked between days 10 and 20 (25.4%), gradually decreasing to 21.9% and
23.8% on days 21–30 and >30 days, respectively. When birds exhibited illness or signs of
disease, 53.2% of farmers sought advice from veterinarians, while 21.6% consulted drug
sellers, 20.0% consulted para-veterinarians, and 4.4% engaged in self-treatment (Table 2).
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Table 2. Situation analysis of AMU in BPF (n = 500).

Variable N (%)

Purpose of antimicrobials used in feed (n = 682) *

Treatment 496 (72.7)
Prevention and control 124 (18.2)

Growth promotion 21 (3.1)
All above 26 (3.8)

Others 15 (2.2)

Source of antimicrobials (n = 619) *

Drug seller 310 (50.1)
Veterinarian 207 (33.4)

Para-veterinarian 64 (10.3)
Free purchase from a drug seller 18 (2.9)

Others 20 (3.2)

Frequently observed clinical signs (n = 647) *

Digestive system 256 (39.6)
Respiratory system 244 (37.7)

Nervous system 22 (3.4)
Immune system 10 (1.5)

Skin and integument system 2 (0.3)
Others 113 (17.5)

Age of bird that used antimicrobial for treatment (day) (n = 781) *

0–3 130 (16.6)
4–10 96 (12.3)

11–20 198 (25.4)
21–30 171 (21.9)
>30 186 (23.8)

Source of consultation when birds are sick (n = 500)

Veterinarian 266 (53.2)
Drug dealer 108 (21.6)

Para-veterinarian 100 (20.0)
Self-treatment by farmer 22 (4.4)

Other 4 (0.8)

Note: * Multiple-choice answers were allowed.

3.3. KAP of BPF on AMU and AMR
3.3.1. Knowledge of BPF on AMU and AMR

A significant portion of farmers (62.6%) demonstrated good knowledge concerning
AMU and AMR. A substantial majority (74.8%) either completely agreed or agreed with
the idea that different antimicrobials have varying curative effects on various poultry
diseases. About three-quarters of BPF (72.0%) were aware that antimicrobials used in
poultry production could potentially be transmitted to humans through the consumption
of poultry meat and eggs. Furthermore, 71.6% of farmers acknowledged that the presence
of antimicrobial residues in poultry meat could pose hazards to human health. Similarly,
70.6% of respondents recognized that poultry should be sold after adhering to the proper
antimicrobial withdrawal period to prevent the occurrence of antimicrobial residue in the
meat. The results indicated that the majority (50.4%) of BPF were aware that the use of
antimicrobials in animal feed is inappropriate. However, only 41.2% of farmers were aware
of the government’s policies and plans related to AMU and AMR. Interestingly, a small
proportion of farmers (16.0%) did not administer treatment to the entire flock when only
one or a few birds were affected (Figure 4).
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3.3.2. Attitude of BPF toward AMU and AMR

This study revealed that most farmers (91.6%) held a positive attitude toward AMR
and AMU. Approximately three-quarters of BPF (73.4%) believed that expired antimicro-
bials should not be administered to birds. Most respondents (72.2%) had a positive view
of vaccination as a potential strategy to reduce the reliance on antimicrobials in poultry
farming. Furthermore, a significant proportion of respondents (68.0%) advocated for the
use of antimicrobials solely for preventing severe illnesses. Similarly, 60.0% of farmers
acknowledged that improper doses of antimicrobials could contribute to AMR. In contrast,
54.6% of respondents believed that antimicrobials were unnecessary for treating fever
or cold in humans. Additionally, nearly half of them expressed that antimicrobials were
not needed for birds during seasonal changes (46.6%), and 41.2% believed that antimicro-
bials were unnecessary for treating any animal disease. Lastly, 24.2% of the respondents
expressed concerns about the adverse effects of AMU on animal health (Figure 5).
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3.3.3. Practice of BPF on AMU and AMR

This study revealed that 55.5% of farmers exhibited commendable practices when
it came to AMU and AMR. Most farmers (93.2%) adhered to the complete course of
antimicrobial treatment as prescribed by veterinarians. Additionally, almost all farm-
ers (88.0%) routinely checked the expiration dates of antimicrobials before using them.
Two-thirds of farmers (66.8%) did not practice the habit of skipping one or two doses
of their prescribed antimicrobial courses. Approximately 43.0% of respondents did not
resort to increasing the dosage and frequency of prescribed antimicrobials when clinical
symptoms failed to disappear or subside, and a similar proportion of farmers (42.0%) did
not continue AMU when symptoms had disappeared. However, 37.2% of farmers indicated
a preference for not using antimicrobials as a preventive measure against disease (Figure 6).
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3.4. Factors Affecting KAP on AMU and AMR of BPF

In the univariate analysis, several factors were associated with knowledge of AMU and
AMR, including province, age group, purpose of antimicrobials, control of antimicrobial
sales, belief in the role of vaccination in reducing AMU, and the source of advice for an-
timicrobials (Table 3). Farmers residing in the Bagmati province demonstrated significantly
higher knowledge levels regarding AMU and AMR when compared to farmers in the
Lumbini (0.2, p = 0.008), Koshi (0.2, p = 0.009), and Sudurpaschim provinces (0.2, p = 0.04).
Moreover, farmers in the Koshi province exhibited 2.9 times better AMU practices than
farmers in the Bagmati province (p = 0.006). Farmers within the 31–40 age group displayed
a notably more positive attitude, which was 4.2 times better than their counterparts in the
10–30 age group. Furthermore, farmers who used antimicrobials for treatment purposes ex-
hibited practices that were 2.1 times better than those using antimicrobials for all purposes
(p = 0.01).

Table 3. Univariate logistic regression analysis of risk factors associated with KAP of BPF on AMU
and AMR.

Variable
Knowledge Attitude Practice

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Province

Bagmati Ref. Ref. Ref.
Gandaki 2.6 (0.9–7.6) 0.07 0.4 (0.1–1.8) 0.20 0.9 (0.4–2.4) 0.90
Karnali 0.4 (0.1–1.9) 0.20 3.1 (0.6–15.7) 0.20 0.3 (0.07–1.2) 0.08

Lumbini 0.2 (0.07–0.7) 0.008 * 0.2 (0.03–0.8) 0.03 * 0.7 (0.3–1.3) 0.30
Madhesh 0.3 (0.08–1.2) 0.10 empty 1.2 (0.5–2.8) 0.70

Koshi 0.2 (0.1–0.7) 0.009 * 1.6 (0.5–4.7) 0.80 2.9 (1.3–6.1) 0.006 *
Sudurpaschim 0.2 (0.06–0.9) 0.04 * 3.8 (0.6–24.9) 0.20 0.4 (0.1–1.4) 0.20

Age group (year)

18–30 Ref. Ref. Ref.

31–40 1.1 (0.4–3.2) 0.80 4.2
(1.2–14.7) 0.02 * 0.6 (0.3–1.2) 0.20

41–60 1.6 (0.5–5.3) 0.40 2.3 (0.6–8.4) 0.10 1.2 (0.5–2.4) 0.70
>60 0.9 (0.004–1.7) 0.90 2.2 (0.04–101.0) 0.60 0.5 (0.02–9.4) 0.60
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Table 3. Cont.

Variable
Knowledge Attitude Practice

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Purpose of AMU

All-purpose Ref. Ref. Ref.
Prevention and

control 2.2 (0.7–6.9) 0.20 5.9 (1.5–27.7) 0.02 * 1.7 (0.7–4.2) 0.20

Growth
promotion 1.1 (0.1–13.9) 0.90 2.1 (0.7–6.2) 0.20 2.9 (0.2–33.6) 0.40

Treatment 0.8 (0.4–1.9) 0.70 empty 2.1 (1.1–3.9) 0.01 *
Do not know 16.4 (1.4–189.5) 0.02 * 3.9 (0.8–18.3) 0.08 0.4 (0.1–1.9) 0.20

Sales control of
AMs contributes

to AMR

Agree Ref Ref. Ref.

Disagree 14.5 (6.7–31.3) <0.0001 ** 2.6 (1.1–6.7) <0.0001 ** 1.4 (0.6–3.3) 0.40

Vaccination can
reduce AMU

Agree Ref Ref. Ref.
Disagree 3.5 (1.6–7.8) 0.002 * 15.0 (5.3–42.5) <0.0001 ** 0.7 (0.3–1.5) 0.30

Source of advice
when poultry

are sick

Drug seller Ref Ref. Ref.
Para-

veterinarian 0.8 (0.2–2.9) 0.80 0.6 (0.04–8.9) 0.70 0.4 (0.1–1.1) 0.07

Self 5.7 (0.9–34.1) 0.05 0.06 (0.001–11.5) 0.30 8.7 (2.3–32.4) 0.001 *
Veterinarian 1.7 (0.5–5.3) 0.30 0.2 (0.02–2.5) 0.20 21.0 (9.2–47.9) <0.0001 **

Other 20.9 (0.04–9543) 0.30 0.8 (0.002–378.9) 0.90 5.7 (0.4–75.0) 0.20

Note: Ref., reference group; *, p < 0.05; **, p < 0.0001.

Farmers who agreed with the statement “control of antimicrobial sales contributes to
AMR” demonstrated significantly higher knowledge levels, which were 14.5 times greater
than those who disagreed (p = 0.00001). Similarly, farmers who believed in the statement
“vaccination can reduce AMU” displayed better knowledge (odds ratio (OR) 3.5, p = 0.002)
and attitude (OR 15.0, p = 0.0001) compared to farmers who did not share this belief.
Additionally, farmers who sought advice on AMU from veterinarians exhibited practices
that were 21.0 times better than those seeking advice from drug sellers (p = 0.0001).

The multiple logistic regression analysis identified several factors associated with
AMU and KAP among BPF in Nepal (Table 4). Variables including province, gender, age,
purpose of AMU, control of antimicrobial sales, vaccination, and source of advice were
found to be associated with KAP related to AMU and AMR. For example, farmers residing
in the Lumbini (OR = 0.2, p = 0.008), Koshi (OR = 0.2, p = 0.009), and Sudurpaschim
(OR = 0.2, p = 0.004) provinces showed significantly lower levels of knowledge concerning
AMU and AMR compared to farmers in the Bagmati province. Furthermore, farmers in
the Bagmati province had a fivefold (1/0.2) higher level of awareness regarding AMU and
AMR in comparison to those in the Lumbini province (p = 0.03). Farmers in the Koshi
province demonstrated significantly better practices compared to those in the Bagmati
province (OR = 2.9, p = 0.006). In terms of age, farmers in the 31–40 age group displayed
attitudes toward AMU and AMR that were 4.2 times more favorable compared to those in
the 18–30 age group (p = 0.02).

In terms of the purpose of AMU in poultry production, farmers who were unaware of
the specific purpose of AMU demonstrated 16.4 times more knowledge about AMU and
AMR than farmers who used antimicrobials for all purposes (p = 0.02). Additionally, farmers
who used antimicrobials for prevention and control purposes exhibited a 5.9 times more
favorable attitude toward AMU and AMR compared to farmers who used antimicrobials
for all purposes in poultry (p = 0.02). Interestingly, farmers who used antimicrobials to treat
their poultry exhibited better practices in AMU than those who used antimicrobials for all
purposes (p = 0.01).



Animals 2023, 13, 3135 13 of 19

Table 4. Multivariate logistic regression analysis of risk factors associated with KAP of BPF on AMU
and AMR.

Variable
Knowledge Attitude Practice

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Province

Bagmati Ref Ref. Ref.
Gandaki 2.6 (0.9–7.6) 0.07 0.4 (0.1–1.8) 0.20 0.9 (0. 4–2.4) 0.90
Karnali 0.4 (0.1–1.9) 0.20 3.1 (0.6–15.7) 0.20 0.3 (0.07–1.2) 0.08

Lumbini 0.2 (0.07–0.7) 0.008 * 0.2 (0.03–0.8) 0.03 * 0.7 (0.3–1.3) 0.30
Madhesh 0.3 (0.08–1.2) 0.10 empty 1.2 (0.5–2.8) 0.70

Koshi 0.2 (0.1–0.7) 0.009 * 1.6 (0.5–4.7) 0.80 2.9 (1.3–6.1) 0.006 *
Sudurpaschim 0.2 (0.06–0.9) 0.04 * 3.8 (0.6–24.9) 0.20 0.4 (0.1–1.4) 0.20

Age group
(years)

18–30 Ref Ref. Ref.
31–40 1.1 (0.4–3.2) 0.80 4.2 (1.2–14.7) 0.02 * 0.6 (0.3–1.2) 0.20
41–60 1.6 (0.5–5.3) 0.40 2.3 (0.6–8.4) 0.10 1.2 (0.5–2.4) 0.70
>60 0.9 (0.004–1.7) 0.90 2.2 (0.04–101.0) 0.60 0.5 (0.02–9.4) 0.60

Purpose of AMU

All-purpose Ref. Ref. Ref.
Prevention and

control 2.2 (0.7–6.9) 0.20 5.9 (1.5–27.7) 0.02 * 1.7 (0.7–4.2) 0.20

Growth
promotion 1.1 (0.1–13.9) 0.90 2.1 (0.7–6.2) 0.20 2.9 (0.2–33.6) 0.40

Treatment 0.8 (0.4–1.9) 0.70 empty 2.1 (1.1–3.9) 0.01 *
Do not know 16.4 (1.4–189.5) 0.02 * 3.9 (0.8–18.3) 0.08 0.4 (0.1–1.9) 0.20

Sales control of
AMs contributes

to AMR

Agree Ref Ref. Ref.

Disagree 14.5 (6.7–31.3) <0.0001 ** 2.6 (1.1–6.7) <0.0001 ** 1.4 (0.6–3.3) 0.40

Vaccination can
reduce AMU

Agree Ref Ref. Ref.
Disagree 3.5 (1.6–7.8) 0.002 * 15.0 (5.3–42.5) <0.0001 ** 0.7 (0.3–1.5) 0.30

Source of advice
when poultry

are sick

Drug seller Ref Ref. Ref.
Para-

veterinarian 0.8 (0.2–2.9) 0.80 0.6
(0.04–8.9) 0.70 0.4 (0.1–1.1) 0.07

Self 5.7 (0.9–34.1) 0.05 0.06
(0.001–11.5) 0.30 8.7 (2.3–32.4) 0.001 *

Veterinarian 1.7 (0.5–5.3) 0.30 0.2
(0.02–2.5) 0.20 21.0 (9.2–47.9) <0.0001 **

Other 20.9
(0.04–9543) 0.30 0.8

(0.002–378.9) 0.90 5.7 (0.4–75.0) 0.20

Note: Ref., reference group; *, p < 0.05; **, p < 0.0001.

Regarding the perception of antimicrobial control and AMR occurrence, farmers who
believed that the lack of antimicrobial sales control could contribute to AMR had 14.5 times
greater knowledge and 2.6 times more favorable attitudes about AMU and AMR than their
counterparts (p < 0.0001). Similarly, those who had faith that vaccines could reduce AMU
demonstrated significantly better knowledge and attitudes toward AMU and AMR than
those who did not believe in the reduction of AMU through vaccination, with p = 0.002
and p < 0.0001, respectively. Regarding the sources of advice for poultry health, farmers
who consulted with veterinarians when their poultry were sick exhibited better practices
regarding AMU than those who consulted with drug sellers only (OR = 21.0, p < 0.0001).
Farmers who practiced self-treatment displayed 8.7 times better practices in AMU than
those who consulted with drug sellers (p = 0.001).

3.5. Association among the KAP on AMU and AMR of BPF

The results indicate a significant positive correlation between the level of knowledge
regarding AMU and AMR among BPF and their corresponding attitudes and practices
(Table 5). Specifically, BPF who possessed a strong understanding of AMU and AMR
demonstrated attitudes that were 19.4 times more favorable (p < 0.0001). Furthermore,
there was a direct association between the depth of knowledge of farmers regarding
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AMU and AMR and their actual practices (OR = 1.7, p = 0.004). However, the association
between farmers’ attitudes and practices was not found to be significant. This suggests
that having a positive attitude toward AMU and AMR may not necessarily translate into
corresponding practices.

Table 5. Association among the KAP on AMU and AMR of farmers.

Variable Adjusted OR (95% C.I.) p

Knowledge and attitude 19.4 (6.7–55.6) <0.0001 **
Knowledge and practice 1.7 (1.2–2.5) 0.004 *

Attitude and practice 1.1 (0.6–2.1) 0.070
Note: *, p < 0.05; **, p < 0.0001.

4. Discussion

This study provided significant insights into the KAP of poultry farmers regarding
AMU and AMR in Nepal’s poultry production. The findings underscored the importance of
implementing policies that promote the responsible use of antimicrobials in poultry farming
and raising awareness among key stakeholders within the framework of the One Health
concept to effectively address AMR issues. Additionally, the research highlighted the ne-
cessity of fostering sustainable practices and attitudes related to AMU and AMR to address
ongoing challenges posed by AMR and ensure the long-term health and sustainability of
poultry production.

Regarding specific observations, this study noted that the average mortality rate
among broiler poultry flocks was 9.3 ± 15.5%, slightly lower than in previous studies [21].
Additionally, this study found that the average income per 100 birds was USD 43.8 ± 22.6,
with a range from USD 0 to 105.7. This relatively low income can be attributed to the
significant expenses associated with imported feed and its raw materials for the birds, which
was exacerbated by importation barriers imposed by the Nepali government in 2021 due to
economic challenges. In the context of poultry production in Nepal, this study identified a
total of 27 different types of antimicrobials, consistent with previous studies [22,23].

This study identified the prevalent classes and types of antimicrobials utilized in broiler
poultry farms in Nepal, with tetracyclines being the most commonly used, followed by
aminoglycosides, quinolones, polymyxin, penicillin, macrolides, and sulfonamides. These
findings align with similar observations made in other low- and middle-income countries
(LMICs). For example, in the Kathmandu and Chitwan districts, a prior study reported that
the most frequently used antimicrobials were doxycycline (25.9%), tylosin (21.5%), colistin
(18.8%), ciprofloxacin (13.4%), and neomycin (12.5%) [24]. In Pakistan, during the summer
season, the common antimicrobials in use are neomycin, doxycycline, and tilmicosin,
whereas in the winter, doxycycline, neomycin, and ampicillin are frequently used [25].
Notably, more than 60% of AMU in broiler chicken in the same study was associated with
critically important antimicrobial classes for human medicine [25]. A 5-year surveillance of
AMU in Pakistan revealed that colistin, tylosin, doxycycline, and enrofloxacin are frequently
used on broiler chicken farms [26]. In Nepal, the most consumed antimicrobials include
tetracycline, enrofloxacin, neomycin–doxycycline, levofloxacin, colistin, and tylosin [22,23],
with colistin, doxycycline, and neomycin being commonly used on broiler farms [27].

Nepal has implemented regulations governing AMU in food animals, encompassing
the Drug Act of 1967, the National Drug Policy introduced in 1995, and the Drug Sales
and Distribution Code from 2014. Additionally, they have established a National AMR
Containment Action Plan in 2016 [28]. Nevertheless, worldwide AMU continues to rise,
particularly in low- and middle-income countries (LMICs), with India and China at the
forefront of this trend [29,30]. In India, consistent guidelines are lacking, although there
was a recommendation in 2007 to discontinue the use of systemic antibiotics in animal
feed [31,32]. China has introduced various regulations over the past two decades aimed at
controlling the AMU in agriculture [33,34]. In many LMICs, the endorsement of the Na-
tional Action Plan (NAP) for containing AMR has been observed. However, the oversight
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of AMU in animals varies significantly depending on the specific circumstances of each
country. For example, Pakistan has launched its national strategic framework to contain
AMR, focusing on the preservation of the effectiveness of existing antimicrobial drugs and
the reduction of expenses and risks associated with their indiscriminate use [35]. Similarly,
the Bangladesh government initiated its NAP for AMR containment in 2017–2020 and
prohibited AMU in animal feed through the Bangladesh Fish Feed and Animal Feed Act of
2010. Nevertheless, there is currently no specific drug policy or guideline in place for the
appropriate AMU to treat animals [36,37].

Several factors influence AMU, including the availability of antimicrobials, prescrip-
tion patterns by veterinarians, potential pressure from drug sellers to reduce excess drug
inventory, lack of awareness, and the relatively low cost or easy accessibility of certain
antimicrobials for farmers. Despite the Nepal government’s prohibition of colistin sulfate in
food animals since August 2019, this antimicrobial continues to be used in poultry farming.
One possible reason for the ongoing use of colistin could be the belief that these antimicro-
bials are effective against common bacterial infections in poultry, such as respiratory and
gastrointestinal infections. An integrated surveillance approach encompassing Pakistan,
Bangladesh, and Nigeria regarding colistin resistance revealed that the practice of using
colistin as a growth promoter persists in LMICs, with no signs of decline, despite its critical
classification by the WHO [38,39]. These findings underscore the limited awareness of
colistin and resistance among farmers, highlighting the pressing need for enhanced public
awareness campaigns about AMU within diverse cultural and socioeconomic contexts.

According to this study, most individuals engaged in poultry farming had less than
4 years of experience. This trend may be attributed to experienced farmers leaving the
poultry sector due to financial setbacks resulting from various poultry disease outbreaks,
such as Newcastle disease, Low Pathogenic Avian Influenza infection, etc. Additionally, the
COVID-19 pandemic led to an influx of labor into the poultry sector due to reverse labor
migration. Notably, farmers in the age group of 31–40 exhibited a more favorable attitude
compared to those aged 18–30. This difference could be due to older farmers being more
self-reliant and having greater exposure to training and work experience than their younger
counterparts. A previous study on KAP in Bangladesh also highlighted the influence of
farmers’ age and experience on AMU and AMR in poultry production [21]. Approximately
9.2% of farmers reported not using antimicrobials throughout the entire broiler production
cycle, while 90.8% used antimicrobials at least once during the production cycle, indicating
the continued prevalence of AMU in broiler production. Our descriptive analysis revealed
that farmers in Karnali province maintain smaller poultry flocks and reside in areas with
relatively lower incidences of poultry diseases.

This study has highlighted that farmers, despite having a positive attitude toward
AMU and AMR, often lack a comprehensive understanding of the consequences associated
with these practices in farm settings. The gap between their knowledge and attitude,
resulting in improper practices, can be attributed to several factors, including insufficient
education regarding infectious disease control and prevention, limited access to veterinari-
ans, inadequate awareness of AMU and AMR, and less stringent regulations governing
AMU in animals. While the majority of farmers demonstrated positive awareness toward
the withdrawal periods, the transmission of zoonotic diseases, and the appropriate use of
antimicrobials for severe diseases, some farmers did not possess the same level of aware-
ness regarding these critical aspects of AMU and AMR. This suggests that there is room for
improvement in education and awareness-raising efforts to ensure that all farmers have a
comprehensive understanding of these important concepts and practices. Despite their gen-
erally positive attitudes, most farmers (91.6%) exhibited limited knowledge and engaged in
improper practices related to AMU and AMR. These knowledge and practice gaps may be
attributed to various factors, including the limited availability of veterinarians, diagnostic
facilities for disease, and training on the prudent use of antimicrobials and AMR. Notably,
a significant proportion of farmers (85.0%) expressed support for the prohibition of non-
prescribed antimicrobials for sale. This support may stem from negative past experiences
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with these drugs and concerns about the impact of AMR on both human and animal health.
This statement aligns with our findings on knowledge, with three-quarters of farmers
demonstrating awareness of national AMR policies and the concept of withdrawal periods.
Additionally, this study revealed that 72.2% of BPF consider vaccination as a potential
strategy to reduce the use of antimicrobials in poultry farming. This finding underscores
the BPF’s clear understanding of the importance of adopting alternative approaches to
reduce AMU in animal production.

In this study, it was observed that 50.1% of farmers purchased antimicrobials directly
from the drug sellers, which is consistent with findings from previous studies [23,40]. In
comparison, only 33.4% and 10.3% of farmers purchased antimicrobials through prescrip-
tions from veterinarians and para-veterinarians, respectively. There may be instances
where farmers voluntarily choose to use antimicrobials, either willingly or influenced by
recommendations from drug sellers [21,40]. Additionally, limited access to veterinary
services could contribute to farmers seeking advice and medication from non-experts.
Approximately 53.2% of the farmers consulted veterinarians for treatment, while the re-
maining farmers relied on drug sellers (21.6%) or para-veterinarians (20.0%) and engaged
in self-treatment (4.4%) for their birds. The main reasons for not seeking veterinary services
have been discussed in previous studies and may include factors such as the availability of
veterinarians, challenges in accessing laboratory services, seeking advice from neighboring
farmers, and the ease of obtaining antimicrobials [21,24,41,42].

Based on logistic regression analysis, the BPF in the Bagmati province exhibited com-
paratively higher knowledge regarding AMU and AMR compared to those in the Lumbini
(OR = 0.20, p = 0.008), Koshi (OR = 0.20; p = 0.009), and Sudurpaschim (OR = 0.20; p = 0.04)
provinces. Furthermore, the farmers in the Bagmati province demonstrated more positive
attitudes than those in the Lumbini province (OR = 0.20; p = 0.03) and better practices than
those from the Koshi province (OR = 2.9; p = 0.006). This variation could be attributed to
several factors, including higher levels of education among farmers in the Bagmati province
and their residence in areas where poultry farming is more commercialized. Moreover, they
have increased exposure to veterinary research centers, academic institutes, and veterinary
training centers, all of which are situated within the Bagmati province [43,44]. Furthermore,
this study indicated that farmers who used antimicrobials for treatment purposes exhibited
better practices in AMU in poultry farming compared to those who used antimicrobials for
all purposes (OR = 2.1; p = 0.01). These findings underscore the importance of implementing
targeted educational and training programs for farmers. These initiatives should prioritize
enhancing farmers’ understanding of AMU, particularly regarding the distinction between
different types of use and their specific purposes. By promoting the appropriate use of
antimicrobials, farmers can contribute to a more responsible utilization of these substances
in poultry production.

A significant number of farmers believed that vaccines could contribute to the re-
duction of AMU, and this belief is significantly and positively associated with both their
knowledge (OR = 3.5; p = 0.002) and attitude (OR = 15.0; p < 0.0001) toward AMU and
AMR. This perception may stem from their awareness of government-led vaccination cam-
paigns aimed at combating major poultry diseases like Newcastle disease, infectious bursal
disease, and fowlpox [24]. Therefore, farmers may have a high level of confidence in the
effectiveness of vaccines, as these campaigns have demonstrated their ability to safeguard
farm economies by reducing mortality rates. Farmers who sought advice from veterinarians
for poultry treatment (OR = 21.0; p < 0.0001) exhibited better AMU practices than those
who consulted with drug sellers. This difference may be attributed to the provision of
accurate information and the establishment of more effective learning platforms through
veterinary consultations, which ultimately result in improved AMU practices.

Therefore, this study underscores the critical importance of raising awareness among
farmers about strategies to mitigate AMU and emphasizes the significance of consult-
ing veterinarians for poultry health management. To promote responsible AMU prac-
tices and achieve more sustainable and effective poultry farming, it is recommended to
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implement targeted educational and training programs. These initiatives can play a vi-
tal role in addressing concerns related to AMR and ensuring the long-term viability of
poultry production.

5. Conclusions

This study underscores the critical challenges confronting the poultry production
sector, including limited access to veterinary services, the unregulated use of veterinary
medications, farmers prescribing antimicrobials directly, and erratic prescriptions by para-
veterinarians. These collective factors, coupled with farmers’ lack of knowledge and
inappropriate practices, have significantly contributed to the rise of AMR in poultry farm-
ing. To effectively combat this issue, a multifaceted strategy is imperative. It should
encompass comprehensive education and training programs targeting all relevant stake-
holders, the promotion of alternatives to AMU, stringent regulation of veterinary drugs,
and the establishment of monitoring and surveillance mechanisms for both AMU and AMR
in poultry farming. This proactive approach is essential for mitigating the problem of AMR
within the poultry industry and safeguarding the health of both animals and humans.

Author Contributions: Conceptualization, S.J. and M.K.S.; methodology, M.K.S.; software, validation,
and data curation, S.J. and M.K.S.; formal analysis, M.K.S.; investigation and writing—original draft
preparation, M.K.S., S.J., T.R.G., S.S., B.P. and S.M.; writing—review and editing, S.J. and M.K.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This project received funding from the National Research Council of Thailand (Project
ID N42A660897). M.K.S. received a scholarship from the Regional Office for Asia and the Pacific
(FAO-RAP) and the Regional Field Epidemiology Training Program (R-FETPV) of the Department of
Livestock Development, Thailand.

Institutional Review Board Statement: Ethical approval was granted from the Nepal National
Health Research Council (Reference number 3029). All participants provided written consent
before participating in the questionnaire interview. All collected data were anonymized before
statistical analysis.

Informed Consent Statement: Informed and written consent was obtained from all study participants.

Data Availability Statement: The data used in this study are available within the manuscript.

Acknowledgments: The authors express gratitude to FETPV, Thailand, the Department of Veterinary
Public Health, Chulalongkorn University, Thailand, and ECTAD-FAO, Thailand, for their support and
cooperation during the study and data collection. They also acknowledge the Ministry of Agriculture
and Livestock Development and the Department of Livestock Services, Nepal, for their approval of
M.K.S.’s study and for providing guidance, assistance, and support during this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders played no role in the
study’s design, data collection, analyses, interpretation, writing of the manuscript, or decision to
publish the results.

References
1. Osman, A.Y.; Elmi, S.A.; Simons, D.; Elton, L.; Haider, N.; Khan, M.A.; Othman, I.; Zumla, A.; McCoy, D.; Kock, R. Antimicrobial

resistance patterns and risk factors associated with Salmonella spp. isolates from poultry farms in the East Coast of Peninsular
Malaysia: A cross-sectional study. Pathogens 2021, 10, 1160. [CrossRef]

2. Xiong, W.; Sun, Y.; Zeng, Z. Antimicrobial use and antimicrobial resistance in food animals. Environ. Sci. Pollut. Res. Int. 2018,
25, 18377–18384. [CrossRef]

3. O’Neill, J. Antimicrobial resistance: Tackling a crisis for the health and wealth of nations. Rev. Antimicrob. Resist. 2014, 5–15.
4. Pokharel, S.; Raut, S.; Adhikari, B. Tackling antimicrobial resistance in low-income and middle-income countries. BMJ Glob.

Health 2019, 4, e002104. [CrossRef]
5. Poole, T.; Sheffield, C. Use and misuse of antimicrobial drugs in poultry and livestock: Mechanisms of antimicrobial resistance.

Pak. Vet. J. 2013, 33, 266–271.
6. Casewell, M.; Friis, C.; Marco, E.; McMullin, P.; Phillips, I. The European ban on growth-promoting antibiotics and emerging

consequences for human and animal health. J. Antimicrob. Chemother. 2003, 52, 159–161. [CrossRef]

https://doi.org/10.3390/pathogens10091160
https://doi.org/10.1007/s11356-018-1852-2
https://doi.org/10.1136/bmjgh-2019-002104
https://doi.org/10.1093/jac/dkg313


Animals 2023, 13, 3135 18 of 19

7. Roth, N.; Käsbohrer, A.; Mayrhofer, S.; Zitz, U.; Hofacre, C.; Domig, K.J. The application of antibiotics in broiler production and
the resulting antibiotic resistance in Escherichia coli: A global overview. Poult. Sci. 2019, 98, 1791–1804. [CrossRef]

8. Upadhya, N.; Karki, S.; Oli, M.; Tiwari, R.N. Status of antimicrobials use in livestock sector in Nepal. VSDRL Tech. Bull. 2020, 1–8.
9. Malik, F.; Nawaz, M.; Anjum, A.A.; Firyal, S.; Shahid, M.A.; Irfan, S.; Ahmed, F.; Bhatti, A.A. Molecular characterization of

antibiotic resistance in poultry gut origin enterococci and horizontal gene transfer of antibiotic resistance to Staphylococcus
aureus. Pak. Vet. J. 2022, 42, 383–389. Available online: http://www.pvj.com.pk/pdf-files/42_3/383-389.pdf (accessed on
5 October 2023).

10. Sarwar, M.R.; Saqib, A.; Iftikhar, S.; Sadiq, T. Knowledge of community pharmacists about antibiotics, and their perceptions and
practices regarding antimicrobial stewardship: A cross-sectional study in Punjab, Pakistan. Infect. Drug Resist. 2018, 11, 133–145.
[CrossRef]

11. Khan, S.A.; Imtiaz, M.A.; Sayeed, M.A.; Shaikat, A.H.; Hassan, M.M. Antimicrobial resistance pattern in domestic
animal—Wildlife—Environmental Niche via the food chain to humans with a Bangladesh perspective; A systematic review.
BMC Vet. Res. 2020, 16, 302. [CrossRef]

12. Sagor, M.S.; Hossain, M.S.; Islam, T.; Mahmud, M.A.; Miah, M.S.; Karim, M.R.; Giasuddin, M.; Samad, M. A Phenotypic and
genotypic antibiotic resistance and virulence profiling of Enterococcus faecalis isolated from poultry at two major districts in
Bangladesh. Pak. Vet. J. 2022, 42, 153–160.

13. Zulqarnain, M.; Sarwar, N.; Anjum, A.A.; Firyal, S.; Yaqub, T.; Rabbani, M. Molecular detection of colistin resistance gene (MCR-1)
in E. coli isolated from cloacal swabs of broilers. Pak. Vet. J. 2021, 41, 284–288.

14. Saha, O.; Hoque, M.N.; Islam, O.K.; Rahaman, M.M.; Sultana, M.; Hossain, M.A. Multidrug-resistant avian pathogenic
Escherichia coli strains and association of their virulence genes in Bangladesh. Microorganisms 2020, 8, 1135. [CrossRef]

15. NPHL. Summery Report on Antimicrobial Resistance; Nepal Public Health Laboratory: Kathmandu, Nepal, 2018.
16. WHO. Salmonella (Non-Typhoidal); WHO Press: Geneva, Switzerland, 2010; pp. 1–11.
17. Kim, T.R.; Ross, J.A.; Smith, D.P. KOREA: Trends in four national KAP surveys, 1964–1967. Stud. Fam. Plann. 1969, 1, 6. [CrossRef]
18. FAO Antimicrobial Resistance. Available online: https://www.fao.org/antimicrobial-resistance/background/what-is-it/en/

(accessed on 31 October 2022).
19. WOAH Antimicrobial Resistance—WOAH—World Organization for Animal Health. Available online: https://www.woah.org/

en/what-we-do/global-initiatives/antimicrobial-resistance/ (accessed on 6 November 2022).
20. CBS. Nepal Commercial Poultry Survey 2014–2015; Central Bureau of Statistics: Kathmandu, Nepal, 2017.
21. Sarker, M.S.; Ahmed, I.; Islam, S.; Begum, R.; Ahmed, A.; Mahua, F.A.; Kabir, M.E.; Siddiky, N.A.; Samad, M.A. Knowledge,

attitude and practice towards antibiotic use and resistance among the veterinarians in Bangladesh. medRxiv 2021. [CrossRef]
22. Afakye, K.; Kiambi, S.; Koka, E.; Kabali, E.; Dorado-Garcia, A.; Amoah, A.; Kimani, T.; Adjei, B.; Caudell, M.A. The impacts of

animal health service providers on antimicrobial use attitudes and practices: An examination of poultry layer farmers in Ghana
and Kenya. Antibiotics 2020, 9, 554. [CrossRef]

23. Imam, T.; Gibson, J.S.; Foysal, M.; Das, S.B.; Gupta, S.D.; Fournié, G.; Hoque, M.A.; Henning, J. A cross-sectional study of
antimicrobial usage on commercial broiler and layer chicken farms in Bangladesh. Front. Vet. Sci. 2020, 7, 576113. [CrossRef]

24. DLS. Livestock Statistics of Nepal; Department of Livestock Services: Lalitpur, Nepal, 2021.
25. Umair, M.; Tahir, M.F.; Ullah, R.W.; Ali, J.; Siddique, N.; Rasheed, A.; Akram, M.; Zaheer, M.U.; Mohsin, M. Quantification and

trends of antimicrobial use in commercial broiler chicken production in Pakistan. Antibiotics 2021, 10, 598. [CrossRef]
26. Mohsin, M.; Van Boeckel, T.P.; Saleemi, M.K.; Umair, M.; Naseem, M.N.; He, C.; Khan, A.; Laxminarayan, R. Excessive use

of medically important antimicrobials in food animals in Pakistan: A five-year surveillance survey. Glob. Health Action 2019,
12, 1697541. [CrossRef] [PubMed]

27. Dhakal, S.; Gompo, T.R.; Dhakal, S. Assessment of farmer’s knowledge of antimicrobial resistance, their practice of antimicrobial
usage and biosecurity status of poultry farms in Kathmandu Valley and Chitwan district, Nepal. Int. J. Appl. Sci. Biotechnol. 2022,
10, 50–59. [CrossRef]

28. DoHS. National Antimicrobial Resistance Containment Action Plan; Department of Health Services: Kathmandu, Nepal, 2021;
Volume 2026, pp. 8–24. Available online: https://mohp.gov.np (accessed on 22 September 2023).

29. Malik, B.; Bhattacharyya, S. Antibiotic drug-resistance as a complex system driven by socio-economic growth and antibiotic
misuse. Sci. Rep. 2019, 9, 9788. [CrossRef]

30. Ventola, C.L. The antibiotic resistance crisis: Part 1: Causes and threats. Pharm. Ther. 2015, 40, 277–283.
31. BIS. Indian Standard, Poultry Feeds—Specifications. Bureau of Indian Standards, 5th Revision IS1374. 2007. Available online:

https://archive.org/details/gov.in.is.1374.2007. (accessed on 22 September 2023).
32. MoHFW. National Policy for Containment of Antimicrobial Resistance; Ministry of Health & Family Welfare (MoHFW): New Delhi,

India, 2017.
33. MoARA. Ministry of Agriculture Rural Affairs Announcement 176, 193, 278, 560, 2292, 2428. 2638. (2001–2018), Ministry of

Agriculture Rural Affairs. 2001. Available online: http://www.moa.gov.cn/nybgb/ (accessed on 21 September 2023).
34. MoARA. National Action Plan for Veterinary Antimicrobial Use Reduction (2021–2025), Ministry of Agriculture Rural Af-

fairs. 2021. Available online: https://www.moa.gov.cn/nybgb/2021/202111/202112/t20211221_6385233.htm (accessed on
21 September 2023).

https://doi.org/10.3382/ps/pey539
http://www.pvj.com.pk/pdf-files/42_3/383-389.pdf
https://doi.org/10.2147/IDR.S148102
https://doi.org/10.1186/s12917-020-02519-9
https://doi.org/10.3390/microorganisms8081135
https://doi.org/10.2307/1965090
https://www.fao.org/antimicrobial-resistance/background/what-is-it/en/
https://www.woah.org/en/what-we-do/global-initiatives/antimicrobial-resistance/
https://www.woah.org/en/what-we-do/global-initiatives/antimicrobial-resistance/
https://doi.org/10.1101/2021.06.03.21258263
https://doi.org/10.3390/antibiotics9090554
https://doi.org/10.3389/fvets.2020.576113
https://doi.org/10.3390/antibiotics10050598
https://doi.org/10.1080/16549716.2019.1697541
https://www.ncbi.nlm.nih.gov/pubmed/31795863
https://doi.org/10.3126/ijasbt.v10i1.41675
https://mohp.gov.np
https://doi.org/10.1038/s41598-019-46078-y
https://archive.org/details/gov.in.is.1374.2007.
http://www.moa.gov.cn/nybgb/
https://www.moa.gov.cn/nybgb/2021/202111/202112/t20211221_6385233.htm


Animals 2023, 13, 3135 19 of 19

35. Ministry of National Health Services, Regulations, and Coordination. National AMR Action Plan. Available online: https:
//www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf (accessed on 22 September 2023).

36. DLS. Department of Livestock Services of Bangladesh. Fish Feed and Animal Feed Act 2010. Available online: http://extwprlegs1
.fao.org/docs/pdf/bgd165024.pdf (accessed on 23 September 2023).

37. National Action Plan for Antimicrobial Resistance Containment in Bangladesh 2017–2022. Available online: https://www.fao.
org/faolex/results/details/en/c/LEX-FAOC169585/ (accessed on 23 September 2023).

38. Umair, M.; Hassan, B.; Farzana, R.; Ali, Q.; Sands, K.; Mathias, J.; Afegbua, S.; Haque, M.N.; Walsh, T.R.; Mohsin, M. International
manufacturing and trade in colistin, its implications in colistin resistance and one health global policies: A microbiological,
economic, and anthropological study. Lancet Microbe 2023, 4, e264–e276. [CrossRef]

39. WHO. WHO Model List of Essential Medicines. 21st List 2019. 2019. Available online: https://www.who.int/groups/expert-
committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists (accessed on 23 September 2023).

40. Upadhyaya, N.; Karki, S.; Rana, S.; Elsohaby, I.; Tiwari, R.; Oli, M.; Paudel, S. Trend of antimicrobial use in food-producing
animals from 2018 to 2020 in Nepal. Animals 2023, 13, 1377. [CrossRef]

41. Nepal, A.; Hendrie, D.; Robinson, S.; Selvey, L.A. Knowledge, attitudes and practices relating to antibiotic use among community
members of the Rupandehi district in Nepal. BMC Public Health 2019, 19, 1558. [CrossRef]

42. Okeke, I.N.; Laxminarayan, R.; Bhutta, Z.A.; Duse, A.G.; Jenkins, P.; O’Brien, T.F.; Pablos-Mendez, A.; Klugman, K.P. Antimicrobial
resistance in developing countries. Part I: Recent trends and current status. Lancet Infect. Dis. 2005, 5, 481–493. [CrossRef]

43. Al Masud, A.; Rousham, E.K.; Islam, M.A.; Alam, M.U.; Rahman, M.; Mamun, A.; Sarker, S.; Asaduzzaman, M.; Unicomb, L.
Drivers of antibiotic use in poultry production in Bangladesh: Dependencies and dynamics of a patron-client relationship. Front.
Vet. Sci. 2020, 7, 78. [CrossRef]

44. Ozturk, Y.; Celik, S.; Sahin, E.; Acik, M.N.; Cetinkaya, B. Assessment of farmers’ knowledge, attitudes and practices on antibiotics
and antimicrobial resistance. Animals 2019, 9, 653. [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://www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf
https://www.nih.org.pk/wp-content/uploads/2018/08/AMR-National-Action-Plan-Pakistan.pdf
http://extwprlegs1.fao.org/docs/pdf/bgd165024.pdf
http://extwprlegs1.fao.org/docs/pdf/bgd165024.pdf
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC169585/
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC169585/
https://doi.org/10.1016/S2666-5247(22)00387-1
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://doi.org/10.3390/ani13081377
https://doi.org/10.1186/s12889-019-7924-5
https://doi.org/10.1016/S1473-3099(05)70189-4
https://doi.org/10.3389/fvets.2020.00078
https://doi.org/10.3390/ani9090653

	Introduction 
	Materials and Methods 
	Questionnaire 
	Validation of the Questionnaire 
	Study Area 
	Study Population and Sample Size Determination 
	Questionnaire Survey and Data Collection 
	Statistical Analysis 

	Results 
	Demographic Characteristics of BPF 
	Antimicrobial Use in BPF 
	KAP of BPF on AMU and AMR 
	Knowledge of BPF on AMU and AMR 
	Attitude of BPF toward AMU and AMR 
	Practice of BPF on AMU and AMR 

	Factors Affecting KAP on AMU and AMR of BPF 
	Association among the KAP on AMU and AMR of BPF 

	Discussion 
	Conclusions 
	References

