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Abstract: Antimicrobial resistance (AMR) has become an emerging health issue globally, posing a
threat to zoonotic pathogens and foodborne diseases. In Bangladesh, the poultry sector supplies the
majority of the demand for animal-source protein. The irrational and excessive use of antimicrobials
(AMU) has been observed in the poultry sector. The development of AMR is associated with many
factors, including the knowledge and attitudes of poultry farmers. Therefore, AMR reduction requires
intervention from all the stockholders, including the farmers who are considered as end users of
antimicrobials. This current research conducted a cross-sectional study to assess the knowledge,
attitudes, and practices (KAP) of poultry farmers on AMU and AMR in Bangladesh. We determined
the KAP of poultry farmers (broiler and layer farmers) of some selected districts of the country using
a tested and paper-based questionnaire. The results demonstrated that most of the respondents
have insufficient KAP regarding AMU and AMR. The respondents used a variety of antimicrobials
primarily in the treatment of various diseases in poultry. One-third of the farmers did not seek
antimicrobials from registered vets. Instead, they depended on others or themselves. The factor score
analysis further revealed that the farmers’ demographic and socioeconomic variables were significant
factors influencing the KAP. An adjusted logistic regression analysis showed that older farmers with
9–12 years of farming experience and graduate-level education, engaging in medium-sized layer
farming, were more likely to have correct KAP on AMU and AMR. Further, farmers from the Cox’s
Bazar region showed correct knowledge, whereas farmers of the Chattogram region showed a correct
attitude towards AMU and AMR. A Spearman’s rank-order correlation revealed a positive association
between knowledge–attitudes and knowledge–practices. The findings of the current investigation
provide baseline evidence about the KAP of poultry farmers from low-income resources and offer
insights into designing interventions and policies for the use of AMU and AMR in Bangladesh.
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1. Introduction

Livestock production has seen a massive expansion as a result of intensive farming
systems in order to meet the demand for animal-origin proteins for the growing population
through efficient and economically sustainable methods. In Bangladesh, poultry farming is
becoming a sustainable resource for generating economic growth in rural communities. Ac-
cording to the Bangladesh livestock economy of 2019 to 2020, an amount of 3563.18 lakh of
poultry was produced from 4122.44 lakh of the total livestock production [1]. By supplying
animal-source proteins for humans, poultry industry plays a significant role in the economy
of Bangladesh through providing employment opportunities and contributions to the coun-
try’s Gross Domestic Product [1]. Moreover, poultry has supplied a substantial amount
of meat and eggs throughout the years to meet protein demands. This phenomenon put
pressure on commercial poultry farmers to produce more meat and eggs for the growing
population and triggered the unregulated use of growth promoters and probiotics to meet
the high production demands [2]. Antimicrobial use (AMU) in food-producing animals
has benefited by improving the health, productivity, and economic returns by reducing
the disease incidence, morbidity, and mortality from the therapeutic levels, while the
growth-promoting and enhancing feed efficiency are considered in the context of nonther-
apeutic purposes [3]. Using antimicrobials in poultry production systems increases the
chance of antimicrobial resistance (AMR). Antimicrobials are essential to protect animal
health in livestock production systems, but their misuse creates a favorable niche for AMR
bacteria in livestock farms, wildlife, and the environment, which might transmit to humans
through contaminated foods or direct contact [4–10]. Humans consuming livestock and
aquaculture-derived food products might develop resistance against specific antimicrobials
due to antimicrobial residues being introduced into the human food chain [11–17]. They
could pose a threat to the human population through increasing exposure to zoonotic
pathogens and foodborne diseases [18]. Recent research has raised concerns about the
increased exposure of antimicrobials use and antimicrobial resistance in Bangladesh, which
governs public health concerns [19,20].

Nevertheless, AMR has increased rapidly in the last decade and has become a global
threat, as it becomes increasingly difficult to treat and control infectious diseases both in
humans and animals [21]. The lack of legislation, regulations on using drugs, and their
self-prescription by farmers as the highest level of medication in livestock are responsible
for developing AMR, which is a significant threat to public health worldwide [22]. Like
many other countries, the government of Bangladesh enacted the National Action Plan
(NAP) on AMR in 2017 [23]; however, the plan has focused more on surveillance rather
than the inclusion of multi-stakeholders to address the AMR problem. Poultry farmers
are key risk factors in the veterinary drug chain, and most of them are not well-trained in
poultry farming. Thus, they might contribute to the incidence and spread of AMR through
the misuse and indiscriminate use of antibiotics.

Therefore, it has become crucial to control antibiotics, monitor resistance, and develop
new strategies to reduce antimicrobial resistance in poultry farms. One key strategy
is to increase the knowledge and skills of the community and farmers about judicial
antibiotic use and build favorable attitudes towards AMU through awareness campaigns.
It is of utmost importance to assess the present scenario in Bangladesh to develop and
implement effective control measures against AMR. Veterinarians and farmers are the
two critical users of antimicrobials for poultry farms. Enforcing the relevant regulations
for the farmers is an essential step to mitigating the AMR problem in Bangladesh. One
possible way to prevent intensive and unnecessary antimicrobials use in animals is to
inform farmers about the antibiotics, residues, and resistance, which may decrease drug
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resistance in humans. The knowledge and behavior of farmers can significantly influence
their decision to AMU [24–26]. However, the current antimicrobial stewardship training,
curriculums, and guidelines limit the value in selecting antimicrobials and the transmission
of AMR [27–29]. Better knowledge, attitudes, and practices were associated with producers
who engaged in exploring information on AMU and AMR [30]. Therefore, the primary
objective of this study was to assess the knowledge, attitude, and practices (KAP) on AMU
and AMR among commercial poultry farmers in Bangladesh. The secondary objective of
this study was to inform current policy initiatives to control AMR as part of the NAP of
Antimicrobial Resistance in Bangladesh and beyond.

2. Results
2.1. Demographic and Socioeconomic Characteristics of the Respondents

We conducted a total of 420 interviews (Supplementary Table S1). The characteristics
of the study interviewees are presented in Table 1 and Supplementary Table S1. Out of the
420 respondents, 210 were broiler and layer farmers, respectively. Equal numbers (n = 60)
of farmers were recruited from seven districts. All the respondents were male, and most of
them belonged to the 18–30 years of age group (n = 140). The majority of respondents had
9–12 years of farming experience (n = 153), and received education up to the 12th grade
(n = 308). The vast majority of respondents had poultry farming as their primary income
source (n = 390), belonged to the middle-income group (n = 344), and were involved in
small-scale farming (n = 262).

Table 1. Demographic and socioeconomic information of the respondents.

Variables n (%)

Type of farm Broiler 210 (50.0)
Layer 210 (50.0)

Farm size
Small (<4000 birds/farm) 262 (62.4)

Medium (4000–10,000 birds/farm) 99 (23.6)
Large (>10,000 birds/farm) 59 (14.0)

Age of the farmers (Years)

18–30 140 (33.33)
31–35 92 (21.9)
36–40 53 (12.6)
41–45 51 (12.1)

46 or more 84 (20.0)

Experience in farming (Years)

0–4 72 (17.4)
5–8 141 (33.6)

9–12 153 (36.4)
13 or more 54 (12.9)

Main occupation Poultry farming 390 (92.9)
Other than farming 30 (7.1)

Economic status

Low income
(Less than USD 1000/year) 32 (7.6)

Middle income
(USD 1000–12,500/year) 344 (81.9)

High income
(More than USD 12,500/year) 44 (10.5)

Level of education
Graduate 112 (26.7)

Up to 12th grade 308 (73.3)

2.2. Recent Diseases in the Farm, Antimicrobial Seeking, Performing Post-Mortem, and Used
Antimicrobials on the Farm

The primary disease conditions reported by the farmers within the last 6 months on
their farms are listed in Figure 1. Among the diseases, respiratory problems or Chronic
Respiratory Disease (CRD) (n = 48), Newcastle Diseases (n = 34), Avian Influenza and
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Salmonellosis (n = 30, respectively) were reported as the top three diseases on layer farms,
while Gumboro (n = 34), Coccidiosis (n = 32), and CRD (n = 30) were found on broiler farms.
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Figure 1. Incidence of diseases on broiler and layer farms.

The poultry farmers sought out antimicrobials for diseases and disease conditions
(Figure 1) on farms from several sources (Figure 2). The majority of all the farmers (broiler
and layer together) (67%) depended on registered veterinarians, considered a good practice.
Layer farmers were more likely to seek out antimicrobials from a registered vet compared
to broiler farmers (73% and 60%, respectively). However, a good proportion (33%) of all the
farmers sought out antimicrobials from different sources other than registered veterinarians.
A disaggregated analysis by the type of farmer showed that broiler farmers were more
likely to seek out antimicrobials from a feed seller, while layer farmers preferred to go to
drug sellers to seek antimicrobials. The broiler farmers tended to seek antimicrobials by
themselves compared to layer farmers. Before choosing an appropriate antimicrobial, about
45% of the broiler and layer farmers reported not performing a post-mortem examination
by a veterinarian in order to identify the diseases.

As shown in Figure 3, the poultry farmers reported that they used several antimicro-
bials against recent diseases on their farms. Amoxicillin (n = 64) was the most commonly
used antimicrobial, followed by ciprofloxacin (n = 60) and tetracycline (n = 22), on layer
farms. On the other hand, ciprofloxacin (n = 54) was the most frequently used antimicrobial,
followed by tetracycline (n = 37) and amoxicillin (n = 21), on broiler farms. Interestingly, a
considerable number of farmers (n = 34 and 30 from layer and broiler farms, respectively)
said no antimicrobials were applied on their farms.
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Figure 2. Seeking out antimicrobials by broiler and layer farmers and performing post-mortem examinations before
using antimicrobials.
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2.3. Knowledge

We asked twelve questions, nine positive and three negative, to assess the farmers’
knowledge of AMU and AMR. The results are presented in Table 2. In general, the farmers’
self-reported responses showed that most of them had a familiarity with the authority of
prescribing antimicrobials (n = 360). However, considering the item-based questions, the
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proportion of desirable answers and significance level (as a means of the chi-square test)
were higher in layer farmers than in broiler farmers.

Table 2. Knowledge of AMU and AMR of broiler and layer farmers.

Items Total
N (%)

Broiler Farmers
N (%)

Layer Farmers
N (%) p-Value

Do you know who has the authority to write a
prescription? (Yes) 360 (85.7) 184 (87.6) 176 (83.8) 0.265

Do you have any idea about antimicrobials? (Yes) 387 (92.1) 185 (88.1) 202 (96.2) 0.002

Do you know about antimicrobial residues? (Yes) 266 (63.3) 112 (53.3) 154 (73.3) 0.000

Do you know about antimicrobial resistance? (Yes) 238 (56.7) 95 (45.2) 143 (68.1) 0.000

Do you know about herbal drugs that can be used as
alternatives to antimicrobials? (Yes) 271 (64.5) 108 (51.3) 163 (77.6) 0.000

Do you know any specific antimicrobials that act against
a specific disease? (Yes) 355 (84.5) 165 (78.6) 190 (90.5) 0.001

Do you think antimicrobials can be passed to humans
through consumption of poultry meat and egg? (Yes) 338 (80.5) 162 (77.1) 176 (83.8) 0.085

Did you know antimicrobials can be used for any type of
disease? (No) 299 (71.1) 131(62.4) 168 (80.0) 0.000

Do you think antimicrobials are efficient for the
treatment of both bacterial and viral infections? (No) 222 (56.9) 93 (46.7) 124 (59.1) 0.011

Do you think antimicrobials have some side effects? (Yes) 408 (97.1) 199 (94.7) 209 (99.5) 0.003

Do you think the treatment is needed for the whole flock
if one/few birds shows any symptoms? (Yes) 383 (91.2) 190 (90.5) 193 (91.9) 0.606

Do you think all antimicrobials can show the same
curative effect in poultry diseases? (No) 335 (79.8) 182 (86.7) 153 (72.9) 0.000

Additionally, we asked farmers if they were familiar with terms such as “Antimicro-
bials”, “Antimicrobial resistance”, and “Antimicrobial residue”. The analysis showed that
the vast majority of the respondents (92.1%) had an idea of what antimicrobials are, while
more layer farmers were aware of antimicrobials than broiler farmers (96.2% and 88.1%,
respectively; p = 0.002). However, while asking about antimicrobial residues and antimicro-
bial resistance, the proportion of correct responses was 63.3% and 56.7%, respectively. In
both cases, the desirable responses were found significantly higher among layer farmers
compare to broiler farmers.

The responses to the question “Do you know any specific antimicrobials that act
against a specific disease?” showed reasonably good knowledge (84.5% of the total respon-
dents said “Yes”). However, the broiler farmers were significantly mentioned this response.
Similarly, most of the farmers (80.5% of the total farmers) said that “ . . . antimicrobials can
be passed to humans through consumption of poultry meat and egg”, showing a good
knowledge of animal transmission of AMR to humans. The vast majority of the farmers
(97.1%) said “Yes” to “Do you think antimicrobials have some side effects?”, showing
correct knowledge, and this response was significantly higher in layer farmers compared
to broiler farmers (99.5% and 94.7%, respectively; p = 0.003). The majority of the farmers
(91.2%) said “Yes” to “Do you think the treatment is needed for the whole flock if one/few
birds show any symptoms?”, and approximately the same number of broiler and layer
farmers (190 and 193, respectively) mentioned this response.

Regarding the negative items, overall, the desirable responses were pretty good
among the respondents. Specifically, 71.1% of total farmers said “No” to “Did you know
antimicrobials can be used for any disease?”, around 60% said “No” to “Do you think
antimicrobials are efficient for the treatment of both bacterial and viral infections?”, and
almost 80% said “No” to “Do you think all antimicrobials can show the same curative effect
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in poultry diseases?”. However, the comparative analysis showed significantly more layer
farmers said “No” to the former two items (p = 0.000 and p = 0.011, respectively) compared
to broiler farmers. On the contrary, broiler farmers said “No” in response to the latter items
(p = 0.000) significantly more often than layer farmers.

2.4. Attitudes on AMU and AMR of Broiler and Layer Farmers

We asked nine questions, five positive and four negative, to assess farmers’ attitudes
towards AMU and AMR on broiler and layer farms. Overall, the pattern of desirable
responses to the attitude questions revealed a similarity to the knowledge responses (as
reported in the section above), in that, layer farmers gave more correct responses than
broiler farmers (Table 3).

Table 3. Attitudes towards AMU and AMR in broiler and layer farmers.

Items Total
N (%)

Broiler Farmers
N (%)

Layer Farmers
N (%) p-Value

Do you believe that the antimicrobials you use randomly
might contribute to antimicrobial resistance? (Yes) 261 (62.1) 128 (60.9) 133 (63.3) 0.615

Do you believe that missing a dose may contribute to
antibiotic resistance? (Yes) 257 (61.2) 137 (65.2) 120 (57.1) 0.089

Do you think the restriction of antimicrobials can cause more
damage than benefits? (Yes) 237 (56.4) 113 (53.8) 124 (59.1) 0.279

Do you think antimicrobials should be added to poultry feed
at any time to prevent birds from becoming sick? (No) 264 (62.9) 117 (55.7) 147 (70.0) 0.002

Do you feel the importance of accurate dose of
antimicrobials? (Yes) 371 (88.3) 174 (82.7) 197 (93.8) 0.000

Do you think antimicrobials should be placed in restricted
areas and accessed only by specific staff when needed? (No) 76 (18.1) 34 (16.2) 42 (20.0) 0.311

When antimicrobials are about to expire, is it better to give
medication to the birds to prevent wastage? (No) 376 (89.5) 197 (93.8) 179 (85.2) 0.004

Do you use any herbal or medicinal drugs as alternatives to
antimicrobials? (Yes) 301 (71.7) 129 (61.4) 172 (81.9) 0.000

Would you use less antimicrobial, if you knew that the
random use of antimicrobials could hamper recovery in the
future? (Yes)

338 (80.5) 156 (74.3) 182 (86.7) 0.001

The majority of the farmers (62.9% of the total respondents) answered “No” to the
statement “Do you think antimicrobials should be added to feed at any time to prevent birds
from becoming sick?”, which is a correct response. This response was given significantly
more by layer farmers. Approximately the same proportion (62.2%) of the total farmers
(n = 420) believed that both the “Random use of antimicrobials” and “Missing a dose of
antimicrobials” may contribute to the development of AMR.

A general attitude observed was that most farmers believed that antimicrobials should
be placed in a restricted place and accessed by the farmers or a specific person: only 18.1%
of all the respondents mentioned the desirable response “No”. Similarly, little more than
half of the respondents (56.4%) reported “Yes” to “restriction on antimicrobial use can
cause more damage than benefit”, representing an appropriate attitude.

Eighty-eight percent of respondents felt the importance of accurate doses of antimicro-
bials in controlling inappropriate antimicrobials in the poultry sector. This response was
significantly higher in layer farmers compared to broiler farmers. The vast majority of the
respondent said “No” to the question “When antimicrobials are about to expire, is it better
to give medication to the birds to prevent wastage?”, depicting a positive attitude. This
response was significantly more common in broiler farmers than layer farmers.
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Most farmers (71.7%) thought that herbals or medicinal drugs could be used as
alternatives to antimicrobials. This response was significantly higher in layer farmers
compared to broiler farmers. Similarly, the vast majority of the farmers (80.5%) thought
that having accurate information on random uses may reduce antimicrobials in the future.
This response was also higher among layer farmers compared to broiler farmers.

2.5. Practices towards AMU and AMR in Broiler and Layer Farmers

We asked eleven questions, three positive and eight negative, to assess farmers’ prac-
tices regarding AMU and AMR. The results are shown in Table 4. Some practices considered
to be at risk for AMR were common between both groups. Self-medication was prevalent
in similar proportions among layer and broiler farmers. A mentionable proportion (30.2%
of all the farmers) of the respondents reported they had used antimicrobials by themselves,
and this response was found to be significantly higher among layer farmers compared to
broiler farmers (41.4% vs. 19.1%, p = 0.000). In terms of using antimicrobials during the
brooding period, only 18.1% of all farmers reported the desirable response “No”, which
means the vast majority of the farmers (81.9%) followed this practice inappropriately. When
asked, “Do you seek suggestions for using antimicrobials from a non-vet?”, only 20.5% of
the farmers said “No”—meaning the majority of them practiced as such. This practice was
observed significantly more among layer farmers compared to broiler farmers.

Table 4. Practices in AMU and AMR in broiler and layer farmers.

Items Total
N (%)

Broiler Farmers
N (%)

Layer Farmers
N (%) p-Value

Did you try to use any antimicrobials yourself? (No) 127 (30.2) 40 (19.1) 87 (41.4) 0.000

Do you use any antimicrobials during the brooding
period? (No) 76 (18.1) 30 (14.3) 46 (21.9) 0.043

Do you check the expired date before purchasing the
drugs? (Yes) 395 (94.1) 190 (90.5) 205 (97.6) 0.002

Do you use antimicrobial as a growth promoter? (No) 238 (56.7) 87 (41.4) 151 (71.9) 0.000

Did you get any suggestions of using antimicrobials from a
non-vet? (No) 86 (20.5) 54 (25.7) 32 (15.2) 0.008

Did you get (seek) advice from a vet about the withdrawal
period? (Yes) 200 (47.6) 69 (32.9) 131 (62.4) 0.000

Do you maintain an antimicrobial withdrawal
period? (Yes) 231 (55.0) 111 (52.9) 120 (57.1) 0.377

Do you increase the dose and frequency of antimicrobials
when there are no signs of recovery? (No) 233 (71.1) 96 (45.7) 137 (65.2) 0.000

Do you stop the application of the dose when the birds feel
better? (No) 280 (66.7) 119 (56.7) 161 (76.7) 0.000

Do you eat the meat of birds that are given antimicrobials
at the end stage? (No) 350 (83.3) 179 (85.2) 171 (81.4) 0.295

Do you shift to using different antimicrobials during the
course of a disease? (No) 299 (71.2) 135 (64.3) 164 (78.1) 0.002

Conversely, most of the farmers (94.1%) checked the expired date before purchasing an-
timicrobials, which is a good practice. This practice was found significantly more common
among layer farmers than broiler farmers (97.6% vs. 90.5%, respectively; p = 0.002).

More than half of the farmers (56.7%) reported “No” to being asked, “Do you use an-
timicrobials as a growth promoter?”, which indicated that a good proportion of the farmers
used antimicrobials as a growth promoter, a misuse of antimicrobials. A little less than 50%
of all the respondents reported seeking advice from veterinarians about the withdrawal
period, and this response was significantly more common among layer farmers.
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Layer farmers significantly reported “No” while asking, “Do you increase in the
antimicrobial dose and frequency when there is no sign of recovery?” (65.2% and 45.7%,
respectively), representing a good practice. Similarly, a more significant proportion of
farmers (71.2% of the total farmers) responded “No” to the negative statement, “Do you
shift to using different antimicrobials during the course of a disease?”—representing an
appropriate practice. This response was found to be significantly more common among
layer farmers than broiler farmers (78.1% and 65.3%, respectively; p = 0.002). Same as the
two negative statements above, the majority of the farmers said “No” when asked, “Do
you eat the meat of birds that are given antimicrobials at the end state?”, which depicted
an excellent practice. This response was found almost equally among the broiler and
layer farmers.

2.6. Differences in Knowledge, Attitudes, and Practices on AMU and AMR in Broiler and
Layer Farmers

A principal factor analysis was performed to show the significant characteristics
between the demographic variables and knowledge themes. The results are given in
Table 5: the age of respondents (p = 0.000), years of experiences in farming (p = 0.000),
economic status of the respondents (p = 0.001), level of education (p = 0.000), farm size
(p = 0.013), and farm type (p = 0.000) were significant factors influencing their knowledge
and practices. The analysis revealed that the geographic location influences the correct
knowledge (p = 0.005) of AMU and AMR.

The analysis further revealed that the respondents’ age (p = 0.000), years of experience
in farming (p = 0.000), economic status (p = 0.001), level of formal education (p = 0.007), and
farm size (p = 0.000) were significant factors affecting their attitudes.

In terms of respondents’ practices on AMU according to their demographic and
socioeconomic variables, the principal factor analysis demonstrated that the key factors
were the respondents’ age (p = 0.000), years of experiences in farming (p = 0.000), economic
status of the respondents (p = 0.000), level of education (p = 0.000), farm size (p = 0.013),
and farm type (p = 0.005). Geographic variations were also found to have a significant
influence on practices (p = 0.000) on AMU and AMR.

The output of the adjusted logistic regression analysis of the respondents’ demo-
graphic variables and their levels of knowledge, attitudes, and practices are presented
in Table 6. The results showed that respondents’ ages were positively associated with
the increased levels of knowledge on AMU and AMR. Specifically, the farmers between
36 and 40 years of age had 0.13 times, those who were between 41 and 45 years of age
had 0.17 times, and those who were 46 or older had 0.23 times the correct knowledge on
AMU and AMR (OR = 0.13, CI = 0.05–0.34; p = 0.00; OR = 0.17, CI = 0.07–0.39, p = 0.000;
and OR = 0.23, CI = 0.10–0.52, p = 0.000, respectively), compared to the farmers who were
between 18–35 years of age.

The results revealed that the respondents’ experiences in poultry farming correlated
closely to the level of correct knowledge. Precisely, the farmers who had experiences be-
tween 5 and 8 years had 7.13 times, between 9 and 12 years had 11.54 times, and more than
13 years had 7.27 times the correct knowledge of AMU and AMR compared to those farmers
who had less than 4 years of experience (OR = 7.13, CI = 3.16–16.06, p = 0.000; OR = 11.54,
CI = 4.84–27.51, p = 0.000; and OR = 7.27, CI = 2.46–21.45, p = 0.000, respectively).
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Table 5. Test of the statistical significances of the variations in the respondents’ knowledge of AMU and AMR by their characteristics.

Variables
Knowledge Attitudes Practices

Incorrect
n (%)

Correct
n (%) p-Value Unfavorable

n (%)
Favorable

n (%) p-Value Bad
n (%)

Good
n (%) p-Value

Age of the
farmers (Years)

18–30 65 (46.4) 75 (53.6)

0.000

81 (57.9) 59 (42.1)

0.000

43 (30.7) 97 (69.3)

0.000
31–35 30 (32.6) 62 (67.4) 49 (53.3) 43 (46.7) 31 (33.7)) 61 (66.3)
36–40 39 (73.6) 14 (26.4) 28 (52.8) 25 (47.2) 37 (69.8) 16 (30.2)
41–45 35 (68.6) 16 (31.4) 41 (80.4) 10 (19.6) 44 (86.3) 7 (13.7)

46 or more 45 (53.6) 39 (46.4) 19 (22.6) 65 (77.4) 64 (76.2) 20 (23.8)

Experience in
farming
(Years)

0–4 60 (83.3) 12 (16.7)

0.000

41 (56.9) 31 (43.1)

0.000

45 (62.5) 27 (37.5)

0.000
5–8 58 (41.1) 83 (58.9) 91 (64.5) 50 (35.5) 47 (33.3) 94 (66.7)
9–12 62 (40.5) 91 (59.5) 59 (38.6) 94 (61.4) 88 (57.5) 65 (42.5)

13 or more 34 (62.9) 34 (37.0) 27 (50.0) 27 (50.0) 39 (72.2) 15 (27.8)

Economic
Status

High income 14 (31.8) 30 (68.2)
0.001

5 (11.4) 39 (88.4)
0.000

34 (77.3) 10 (22.7)
0.000Low income 1 (10.0) 9 (90.0) 10 (100.0) 0 (0.0) 1 (10.0) 9 (90.0)

Middle income 199 (54.4) 167 (43.6) 203 (51.9) 163 (44.5) 184 (50.3) 182 (49.7)

Level of
Education

Graduate 34 (30.4) 78 (69.6)
0.000

46 (41.1) 66 (58.9)
0.007

42 (37.5) 70 (62.5)
0.000Up to 12th grade 180 (58.4) 128 (41.4) 172 (55.8) 136 (44.2) 177 (51.1) 131 (42.5)

Farm Size
Small 146 (55.7) 116 (44.3))

0.013
172 (65.7) 90 (34.4)

0.000
109 (41.6) 153 (58.4)

0.000Medium 38 (38.4) 61 (61.6) 24 (24.2) 75 (75.7) 65 (65.7) 34 (34.3)
Large 30 (50.9) 29 (49.1) 22 (37.3) 37 (62.7) 45 (76.3) 14 (23.7)

Type of Farm Broiler 130 (61.9) 80 (38.1)
0.000

113 (53.8) 97 (46.2)
0.435

95 (45.2) 115 (54.76)
0.005Layer 84 (40.0) 126 (60.0) 105 (50.0) 105 (50.0) 124 (59.1) 86 (40.9)

Geographic
location

Cumilla 38 (63.3) 22 (37.7)

0.005

37 (61.7) 23 (48.3)

0.152

40 (66.7) 20 (33.3)

0.000

Chattogram 24 (40.00) 36 (60.0) 29 (48.3) 31 (51.7) 25 (41.7) 35 (58.3)
Cox’s Bazar 25 (41.7) 35 (58.3) 27 (45.0) 33 (55.0) 26 (43.3) 34 (56.7)

Gazipur 38 (63.3) 22 (37.7) 39 (65.0) 21 (35.0) 44 (73.3) 16 (26.7)
Mymensingh 28 (46.7) 32 (53.3) 27 (45.0) 33 (55.0) 26 (43.3) 34 (56.7)

Narsingdi 37 (61.7) 23 (28.3) 30 (50.0) 30 (50.0) 33 (55.0) 27 (45.0)
Tangail 24 (40.0) 36 (60.0) 29 (48.3) 31 (51.7) 25 (41.7) 35 (58.3)
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Table 6. Adjusted logistic regression analysis of the factors associated with respondents’ knowledge, attitudes, and practices of AMU and AMR.

Variables
Knowledge Attitudes Practices

OR, 95% CI, p OR, 95% CI, p OR, 95% CI, p

Age of the farmers (Years)

18–30 Ref Ref Ref
31–35 1.43, 0.73–2.80, 0.304 1.04, 0.53–2.01, 0.917 0.87,0.43–1.74, 0.686
36–40 0.13, 0.05–0.34, 0.000 0.70, 0.29–1.69, 0.429 0.24, 0.10–0.59, 0.002
41–45 0.17, 0.07–0.39, 0.000 0.11, 0.04–0.32, 0.000 0.06, 0.02–0.17, 0.000

46 or more 0.23, 0.10–0.52, 0.000 3.21, 1.46–7.05, 0.004 0.11, 0.05–0.25, 0.000

Experience in farming (Years)

0–4 Ref Ref Ref
5–8 7.13, 3.16–16.06, 0.000 0.69, 0.34–1.40, 0.301 7.23, 3.30–15.85, 0.000
9–12 11.54, 4.84–27.51, 0.000 1.63, 0.79–3.37, 0.189 4.63, 2.08–10.32, 0.000

13 or more 7.27, 2.46–21.45, 0.000 0.94, 0.34–2.57, 0.901 3.76, 1.30–10.87, 0.014

Economic status
Middle income Ref Ref Ref
High income 2.05, 0.84–4.99, 0.114 14.30, 4.22–48.44, 0.000 0.35, 0.13–0.89, 0.028
Low income 1.67, 0.62–4.53, 0.313 0.36, 0.12–1.15, 0.085 1.89, 0.60–5.97, 0.279

Level of Education
Up to 12th grade Ref Ref Ref

Graduate 2.96, 1.69–5.20, 0.000 2.49, 1.39–4.45, 0.002 2.97, 1.61–5.48, 0.001

Type of Farm Broiler Ref Ref Ref
Layer 2.01, 1.19–3.39, 0.009 0.46, 0.27–0.80, 0.006 0.62, 0.35–1.11, 0.105

Farm Size
Small Ref Ref Ref

Medium 3.95, 2.08–7.50, 0.000 6.96, 3.50–13.82, 0.000 0.65, 0.36–1.20, 0.167
Large 1.03, 0.47–2.24, 0.939 2.45, 1.07–5.60, 0.034 0.36, 0.15–0.88, 0.024

Geographic location

Cumilla Ref Ref Ref
Chattogram 2.27, 0.88–5.90, 0.091 3.37, 1.20–9.44, 0.021 2.46, 0.89–6.82, 0.084
Cox’s Bazar 3.20, 1.30–7.87, 0.011 2.33, 0.94–5.79, 0.068 4.07, 1.61–10.29, 0.003

Gazipur 1.24, 0.51–3.04, 0.635 1.01, 0.40–2.52, 0.991 0.62, 0.24–1.59, 0.319
Mymensingh 2.77, 1.12–6.83, 0.027 2.73, 1.10–6.80, 0.031 4.56, 1.78–11.71, 0.002

Narsingdi 1.89, 0.76–4.72, 0.171 1.80, 0.72–4.48, 0.206 3.75, 1.48–9.48, 0.005
Tangail 2.97, 1.21–7.28, 0.017 2.29, 0.92–5.67, 0.074 3.39, 1.34–8.57, 0.010
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Similarly, the outcomes revealed that the level of education was positively correlated
with the increased levels of knowledge. The farmers who completed graduation had
2.96 times the “correct” knowledge than farmers who received education up to the 12th
grade (OR = 2.99, CI = 1.69–5.20, p = 0.000). Further, the farmers who raised layer poultry
had 2.01 times the “correct” knowledge on AMU and AMR compared to their counterparts,
broiler farmers (OR = 2.01, CI = 1.19–3.39, p = 0.009). In addition, the farm size was
a significant association with farmers’ levels of knowledge. The farmers who owned
medium-sized farms had 3.95 times the correct knowledge than those who owned small-
sized farms (OR = 3.95, CI = 2.08–7.50, p = 0.000). The Cox’s Bazar district was one of
the best-performing geographic areas in terms of knowledge on AMU and AMR, while
Narsingdi was the worst-performing district.

Like the knowledge theme, many demographic and socioeconomic variables were
significantly associated with the attitudes towards AMU and AMR. The analysis showed
that, when the respondents’ ages increased, the level of favorable attitudes increased. More
specifically, the farmers’ aged between 41 and 45 years had 0.11 times, and more than
46 years of age had 3.21 times, favorable attitudes towards AMU and AMR (compared
to the farmers aged 18–35 years (OR = 0.11, CI = 0.04–0.32, p = 0.000 and OR = 3.21,
CI = 1.46–7.05, p = 0.004, respectively). The analysis further revealed that the farmers who
belonged to high-income groups had 14.30 times more favorable attitudes towards AMU
and AMR compared to the middle-income group (OR = 14.30, CI = 4.22–48.44 p = 0.000).

The level of education was also found to be positively associated with a favorable atti-
tude. The farmers who completed graduation had 2.49 times more favorable attitudes than
the respondents who received education up to the 12th grade (OR = 2.49, 1, CI = 0.39–4.45,
p = 0.002). Further, the respondents who were raising layer poultry had 0.46 times more fa-
vorable attitudes towards AMU and AMR compared to their counterparts, broiler farmers
(OR = 0.46, CI = 0.27–0.80, p = 0.006). In addition, the farm size was significantly associated
with the farmers’ levels of knowledge. The farmers who owned medium-sized farms had
6.96 times more favorable attitudes than those who owned small-sized farms (OR = 6.96,
CI = 3.50–13.82, p = 0.000). The Chattogram district was one of the best-performing geo-
graphic areas in terms of having favorable attitudes towards AMU and AMR compared
to Cumilla.

The investigation further revealed that the ages of farmers were associated with the
practice of AMU. Specifically, farmers between 36 and 40 years of age performed good
practices (OR = 0.24, CI = 0.10–0.59, p = 0.002). It was also found that the respondents’
years of experience in poultry farming were associated with the level of good practice.
The farmers who had experience between 5 and 8 years, had 7.23 times, 9–12 years had
4.63 times, and 13 or more years had 3.76 times more good practices compared to the
farmers with 0–4 years of experience (OR = 7.23, CI = 3.30–15.85, p = 0.000; OR = 4.63,
CI = 2.08–10.32, p = 0.000; and OR = 3.76, CI = 1.30–10.87, p = 0.014, respectively). The high-
income group of farmers performed 0.35 times more good practices than the middle-income
group (OR = 0.35, CI = 0.13–0.89, p = 0.028).

Like the knowledge and attitude themes, the level of education found to be a sig-
nificant association with practice. The farmers who completed graduation performed
2.97 times more good practices related to AMU and AMR compared to those who received
education up to the 12th grade (OR = 2.97, CI = 1.61–5.48, p = 0.001). The larger-sized
farms had 0.36 times more good practices compared to farms with small sizes (OR = 0.36,
CI = 0.15–0.88, p = 0.024). In terms of the geographic distribution of the good practices
related to AMU and AMR, Mymensingh was the best-performing district compared to the
other areas (OR = 4.56, CI = 1.78–11.71, p = 0.002).

2.7. Relationship between Knowledge, Attitudes, and Practices of AMU and AMR

A Spearman’s rank-order correlation revealed a positive association between each
pair of respondents’ knowledge, attitude, and practice scores (p ≤ 0.001). The correlations
were fair between knowledge–attitudes and knowledge–practices [31] (Table 7).
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Table 7. Correlations between knowledge, attitudes, and practices of AMU and AMR.

Variables Correlation Coefficient p-Value

Knowledge–Attitudes 0.3806 0.000
Knowledge–Practices 0.3472 0.000
Attitudes–Practices −0.0541 0.2686

3. Discussion

Over the last two decades, the use of antimicrobials (AMU) and antimicrobial resis-
tance (AMR) has become a burgeoning issue across the world, threatening human and
animal health [32,33]. AMR is associated with many factors, such as the misuse and ir-
rational use of antimicrobials, incomplete courses of drugs, and lack of knowledge of
antimicrobial use. The reduction of AMR in both public and animal health sectors requires
intervention from all stockholders, including farmers who are considered as end users. In
the current study, we assessed the knowledge, attitude, and practices (KAP) of layer and
broiler poultry farmers towards AMU and AMR. We demonstrated that the respondents’
age, years of experience in farming, level of education, socioeconomic status, and farm type
and size influenced the KAP towards AMU and AMR. The findings of the current investi-
gation provide baseline evidence about the KAP of the poultry farmers from low-income
resources and offer insights in designing interventions and policy-making of the county.

This study demonstrated that several antimicrobials were used, either alone or com-
bined with other antimicrobials, by broiler and layer farmers to treat different poultry
diseases. The government of Bangladesh has banned the use of antimicrobials, including
colistin in animals’ feed, for the production of safe animal products by enacting the Fish
and Animal Feed Act 2010 [34,35]. However, poultry farmers usually use such antibiotics
with drinking water that is used for their poultry. The most commonly used antimicro-
bials for respiratory diseases such as Newcastle disease and Gumboro were ciprofloxacin,
amoxicillin, and tetracycline. These findings were similar to prior studies [27,36], showing
the use of several antimicrobials in treating different diseases of broiler and layers birds.
One of the key drivers of growing AMR is the misuse of antibiotics associated with the
knowledge gap on antimicrobials [36,37], which was also demonstrated during our investi-
gation. Farmers most frequently receive antimicrobials from feed sellers and drug sellers
or antibiotic suppliers [36,38]. Usually, they closely work with the representatives of drug
companies to achieve their target sales, which may further influence the behaviors of the
farmers [38].

Further, small-scale poultry farmers are primarily dependent on credit from poultry
sellers [38]. As a result, farmers have to use antibiotics willingly or unwillingly as sug-
gested by the sellers. If feed sellers and drug sellers have a knowledge gap in AMU and
AMR, ultimately, those gaps will be reflected in farmers’ behaviors as the end users of
antimicrobials. This has also been demonstrated by our recent research [38]. That study
found that farmers’ level of education, understanding the facts of antimicrobials, and
less exposure to relevant training in drugs and awareness programs in comparison to
other stakeholders (e.g., feed and drug sellers), may further explain this situation. In this
investigation, it was also observed that a good proportion of poultry farmers did not seek
antimicrobials from registered veterinarians, not even for post-mortem examinations of
their birds. For doing so, they either depended on other sources of suggestions (such as
from drug and feed sellers) or themselves, including the manipulation of doses, duration,
frequent switching to antimicrobials if the symptoms did not disappear, and post-mortem
examinations. Not seeking registered vets could be due to not much knowing about the
services or avoiding the costs related to veterinary services [36,39]. The reasons for not
seeking prescriptions from registered vets may have multifaced challenges for farmers.
These include the remote locations of farms, difficult access to veterinary services, including
laboratory tests for the confirmation of diseases, offering of unskilled services from feed and
drug sellers, or the sharing ideas and experiences from neighboring farmers [36,37,39,40].
Another reason could be that farmers can easily buy antibiotics without a prescription in
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many countries [41,42], including Bangladesh [36]. It has been found that farmers bought
antimicrobials most frequently (sole source or in combination with other sources) from
feed and chick traders, veterinary medical stores, and even some farmers themselves sell
antibiotics [36]. The lack of knowledge of on-farm management, including biosecurity
measures, is considered one of the main reasons for the frequent misuse of antimicrobials in
poultry farms. Farmers also use antibiotics to compensate for substandard farm conditions,
preventing frequently occurring poultry diseases, and as a growth promoter to increase
production, resulting in developing AMR [11,43].

The knowledge gap in AMR development originating from poultry industries within
resource-limited settings has been extensively discussed [43–45]. A recent study demon-
strated that the KAP significantly varied by different demographic factors, such as age,
years of experience in farming, and level of education of the respondents, including the
disease dynamics of the farm and source of information [25]. The findings of the current
study were in line with the earlier findings. In particular, the age of the respondents, their
years of experience in farming, economic status, and level of education, including farm
type and size, were found as the significant predictors that influence the KAP of farmers in
the selection and application of antibiotics in the poultry industry.

Like the previous research [32,39,46], the current study demonstrated that the farmers’
age and years of experience in farming are two major significant factors that influence
the KAP of AMU and AMR [26]. Specifically, we demonstrated that farmers aged 46 and
above with 9–12 years of farming experience positively responded to the KAP of AMU and
AMR. Increased age with years of experience may lead to the development of expertise
on poultry farming, gaining knowledge for exploring veterinary services and, moreover,
exposure to continuous training, awareness programs, and other learning processes of
AMU and AMR. Our findings showed a discrepancy with a study [47] that showed that
farmers aged 48 years or over were more likely to have a negative attitude towards AMU
and AMR. However, the earlier study was unable to show the years of farming experience,
which is crucial.

With the above parameters, the level of education of the farmers was another impor-
tant factor towards the KAP of AMU and AMR. In this study, broiler or layer farmers who
completed education up to the graduate level demonstrated positive responses of the KAP
related to AMU and AMR. This finding showed consistency with the observations of previ-
ous studies [25,26,30,39,48,49]. Better education related to better knowledge is a positive
predictor of behavioral changes of the farmers to fight against AMR. Due to a higher level
of education, including training and learning processes, farmers may come to know and
have more access to facilities of veterinary services, farm management, and biosecurity
measures and better understand the use of antimicrobials and their doses’ withdrawal
periods [50]. A good level of education and farmers’ behaviors are important in using
antimicrobials [25,26]. Like the findings of our study, Ozturk and colleagues demonstrated
that postgraduate degree farmers were highly knowledgeable about the use of antibiotics
compared to the farmers with high school and primary educations [39]. The farmers with
low levels of education (such as a 12th-grade education or below) had to depend on drug
sellers and feed sellers, neighboring farmers, and their own experiences, which increased
the chances of the misuse of antibiotics and the chance of developing AMR [51].

This study further demonstrated that the knowledge and attitudes of farmers toward
AMU and AMR were strongly linked to layer farmers having medium-sized farms com-
pared to their smaller counterparts. Layer farming needs a more extended period to reach
the production level, and farmers invest more money to get more benefits. On the contrary,
in broiler farming, less time and less investments are required, where farmers get back their
investment and profits within a short period. Therefore, those experienced farmers with a
good level of education engage more with layer farming compared to broiler farming [52].
We also observed that good practices in AMU and AMR are further associated with larger
farm-sized and high-income groups. This is further associated with layer farming, which
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requires more investment, more experience, and more knowledge, viz. a good level of
education [53], as seen in other components of the current study.

Our investigation revealed a correlation between respondents having less knowledge,
less appropriate attitudes, and poor practices regarding the AMU and AMR issues. Like
other studies of the KAP of AMR [54–56], we observed that the level of knowledge influ-
enced the levels of attitudes and practices towards AMU and AMR of farmers. A lower
level of knowledge might be associated with the age of the farmers, their level of education,
experiences in farming, and economic status. In general, a lower level of knowledge of
farmers was due to the lack of training in poultry farming and inadequate consultation
with animal care personnel [32]. In the current study, we observed that, for the use of
antimicrobials, one-third of the farmers did not seek a prescription from registered veteri-
narians, instead of relying on other stakeholders or themselves. A proportion of the farmers
did not seek post-mortem examinations of the birds to confirm the diseases. The lack of
awareness and communication between farmers and veterinarians may lead to the misuse
of antimicrobials and be responsible for developing AMR at the farm level [40,57]. Appro-
priate training and awareness programs on relevant issues, increasing formal or informal
education through mass and other media, and the circulation of critical messages through
mass and social media can empower farmers’ KAP towards AMU and AMR [27,29,32].

Furthermore, the proper execution of legislations and their strict regulations on drug
use, selling, and prescription writing may further improve antimicrobial abuse and help
reduce antibiotic resistance [58–60]. Increased support by veterinarians and veterinary
services may further improve the use of antimicrobials and prevent AMR, as veterinarians
are better placed to impact farmers’ behavioral changes [29,32]. They are improving the
biosecurity measures also important to avoid the entry of pathogens or dissemination
within farms.

This study had several limitations. Firstly, the geographical representation of the
sample population. The study included samples from seven districts out of sixty-four
districts of Bangladesh. The findings of the current study may not represent the whole.
However, the findings of this investigation could provide a comparative picture (as a means
of baseline findings) with the other districts of Bangladesh. Secondly, the quality of some of
the interview-based data might have been affected by recall bias and self-reported practices
amongst the participants. Lastly, although the study assessed the knowledge, attitudes,
and practices regarding AMU and AMR, more robust qualitative research is needed to
understand the cultural, social, and historical factors to identify the factors associated with
KAP differences. Therefore, a qualitative study could be conducted based on the findings
of this study.

4. Materials and Methods
4.1. Study Period and Areas

This study was conducted for six months, commencing from October 2019 to March
2020 in a total of 21 upazilas of 7 districts of Bangladesh—namely, Chattogram, Cumilla,
Cox’s Bazar, Gazipur, Mymensingh, Narsingdi, and Tangail (Figure 4). A upazila is
considered a subdistrict and the lowest administrative boundary of a district of the country.
The study sites were chosen because these areas have a higher number of poultry farms.
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4.2. Study Design and Sampling

A pre-structured questionnaire on KAP was used to generate cross-sectorial insights,
sourcing the farmers involved in chicken meat and egg production in Bangladesh. Farmers
were interviewed to elicit their knowledge, attitudes, and self-reported practices regarding
AMU and AMR. A single proportion estimation was applied for sample size calcula-
tions [61] with a 95% confidence interval, 5% margin of error, and an assumption of that
50% (p = 0.5) of poultry farmers used antimicrobials in poultry production, according to the
manufacturer’s recommendations. The minimum sample size required was 384 farmers.
In the present survey, a total of 420 farmers were interviewed, including 210 layer and
210 broiler farmers from 7 (seven) districts (Chattogram, n = 60; Cumilla, n = 60; Cox’s
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Bazaar, n = 60; Gazipur, n = 60; Mymensingh, n = 60; Narsingdi, n = 60; and Tangail, n = 60)
(Table 1). The study sites (districts and upazilas) and farmers (layer and broiler) were
selected based on the random sampling method. To select the farmers, we collected a list
of farmers from the Upazila Livestock Office. After that, we selected the farmers randomly
and approached them to establish if they were available and interested in participating in
the study. Once they agreed to take participate in the study voluntarily, the enumerators
collected data from them via face-to-face interviews. Those who were not interested or
did not have sufficient time and did not agree to give written consent were excluded from
the study.

4.3. Data Instrument and Collection

The questionnaire included five different sections. In the first section, demographic
information such as the age of the farmers (in years), years of experience in farming,
economic status, level of education, main occupation, type of farm (broiler or layer poultry
raising), farm size, and location were considered (Table 1). The poultry farm sizes were
classified as small (up to 4000), medium (4001–10,000), and large (more than 10,000) based
on the number of poultry during the data collection [62,63]. The economic status of the
farmers was determined by self-reported annual income and categorized by low income
(less than USD 1000), middle income (USD 1000–12,500), and high income (more than
12,500). Income data were collected in Bangladeshi currency (BDT) and converted into
United States Dollar (USA).

In the second section, the respondents were asked to mention the names of diseases
they faced on their farms in the last six months, sources of the antimicrobial they sought
for these diseases, whether a post-mortem was performed, and the names of antimicrobials
used. The question on recent disease was asked to the respondents initially to mention
one major disease name, thereby failing to account for farms that may have had multiple
incidents during the six-month period. However, to minimize the recall bias, we recorded
one major disease, in terms of severity, and the types of antimicrobials used on that occasion.
The third, fourth, and fifth sections consisted of questions related to knowledge (twelve
questions), attitudes (nine questions), and practices (eleven questions), respectively. Both
negative and positive items were included in each theme. The questionnaire was developed
in English primarily and then translated into the local language, Bengali (Supplementary
Table S1). The Bengali version was translated back into English and compared with the
preliminary version to check the accuracy of the translation. Before collecting the data, the
questionnaire was pretested among a few poultry farmers to assess the suitability of the
language. Some modifications were made based on the pretesting results to ensure the
suitability of the language. The pretested interviews were excluded from the analysis.

4.4. Data Management and Analyses

Data obtained from interviews was entered into a paper-based questionnaire and
cross-checked. The data was then extracted to an MS Excel spreadsheet for cleaning,
processing, and further analysis. We collected data on two categories of closed-ended “yes”
and “no” questions on different knowledge, attitudes, and practices related to AMU and
AMR. A two-point index (composite score range: 0 to 1) assigned values to responses for
knowledge, attitude, and practice items where the correct response (‘yes’) was assigned
a value of 1 and the incorrect response (“no”) 0. To analyze how individual participants
performed overall in the knowledge, attitude, and practice categories, the sum of each
participant’s answers for that particular section was calculated. The data was analyzed
using the statistical tool STATA/SE-16.1 (StataCorp, 4905, Lake Way Drive, College Station,
TX, USA). Cronbach’s alpha test was used to measure the internal consistency of the themes,
with an acceptable value of 0.76 for the knowledge theme, 0.60 for the attitude theme, and
0.63 for the practice theme (0.83 when combining all the themes). We used descriptive
statistics, such as frequencies and percentages. Relationships between independent samples
were explored using the chi-square test to determine if there were differences among
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respondents’ characteristics concerning the themes. Using the principal factor method
described [64], we identified significant factors in the demographic characteristics and
themes. The outcomes regarding knowledge, attitudes, and practices were categorized as
“incorrect” vs. “correct”, “unfavorable” vs. “favorable”, and “bad” vs. “good”, respectively.
We constructed a summary of these binary outcomes using a two-point index (score less
than 1: incorrect/unfavorable/bad and 1: correct/favorable/good).

Furthermore, this factor score analysis was used as a part of the adjusted multivariate
logistic regression analysis to determine the association with key themes regarding the
respondents’ demographics. Results are expressed as odds ratios (ORs) accompanied by
95% confidence intervals (95% CIs), and a p-value < 0.05 was used as the threshold for
statistical significance. Spearman’s rank-order correlation coefficient was used to describe
the strength and direction of the relationship between responses to the knowledge, attitude,
and practice questions.

5. Conclusions

Our study of poultry farmers’ knowledge, attitudes, and practices towards AMU
and AMR contributes essential information for improving antimicrobials in poultry farms.
We demonstrated that the respondents’ socioeconomic demographics, such as education,
income source, and age, greatly influence the knowledge, attitudes, and practices of AMU
and AMR. The results suggested that one of the key drivers of growing AMR is the misuse
of antibiotics associated with the knowledge gap on antimicrobials. Farmers with higher
levels of education have more favorable attitudes. In addition, a higher proportion of
poultry farmers did not seek a prescribed antimicrobial from registered veterinarians, not
even for post-mortem examinations of their birds, which is not good practice. The findings
of the current investigation provided baseline evidence about the KAP of poultry farmers
from low-income resources and offered insights into designing interventions and policies
for the use of antimicrobials in Bangladesh. In particular, the study strongly recommends
including farmers as end users of antimicrobials in the policies to combat AMR. Hence,
the inclusion of educational and awareness efforts to increase the knowledge, favorable
attitudes, and better practices of AMU is highly recommended.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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