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Assessment of Knowledge, Attitudes and Practices on Antimicrobial Use 

and Resistance among Commercial Poultry Farm Owners/ Workers in 

Selected Cities in Eastern Ethiopia 

ABSTRACT 

Antimicrobials are vital for disease control and productivity; however, their inappropriate use 

leads to antimicrobial resistance, a global threat to public health. A cross-sectional study was 

conducted to assess the knowledge, attitudes, and practices of poultry farm owners and workers 

towards antimicrobial use and resistance in three selected cities in Eastern Ethiopia, through 

structured interviews with a census of 106 poultry farms. Findings indicated that only 30.2% 

(95% CI: 22.1%-39.7%) had good knowledge, regarding antimicrobials (36.7%, OR=24.7, 

p<0.001), unawareness of residues (67.9%; OR=0.02, p<0.001), disease-specific drug (34.9%; 

OR=54.2, p=0.001), unfamiliarity with residue transmission (64.2%, OR=0.01, p<0.001), and 

difference in efficacy of antimicrobials (64.2%; OR=8.79, p=0.033). Attitudes were desirable 

in 48.1% (95% CI: 38.6%-57.7%), subjected to random antimicrobial use (64.4%, OR=3.94, 

p=0.026), missing doses (7.7%, OR=0.04, p = 0.013), using with feed (53.6%, OR=20.91, 

p<0.001), correct dosage (61.5%, OR=11.82, p=0.010), controlling access to antimicrobials 

(57.4%, OR=7.02, p=0.016), not obliged to finish before expiration (65.3%, OR=10.01, 

p=0.001), and minimizing antimicrobial use (75.9%, OR=15.37, p<0.001). Improved practices 

were noted only in 38.7% (95% CI: 29.8%-48.4%), with personal drug administration (90.9%, 

OR=11.8, p=0.010), non-professional recommendations (77.8%, OR=28.93, p=0.016), 

uninformed about its use as growth promoter (8.3%, OR=0.05, p=0.036), noting withdrawal 

times (87.5%, OR=30.9, p<0.001), adjusting dose when no recovery (95.6%, OR=13, 

p=0.002), not ceasing treatment even if symptoms go (64.5%, OR=30.9, p=0.007), and not 

switching antimicrobials (13.2%, OR=0.004, p=0.001). Pertaining to the associated factors for 

each, knowledge was found to be directly related with attitudes (r=0.3278, p=0.0006) and 

practices (r=0.4300, p<0.0001), and also attitudes with practices (r=0.2278, p=0.0189). In 

general, this study identified significant gaps in knowledge, attitudes and practices related to 

antimicrobial use and resistance among commercial poultry farm owners and workers in 

eastern Ethiopia, necessitating targeted interventions to enhance understanding and promote 

responsible antimicrobial use practices. Therefore, comprehensive education, veterinary 

guidance, mentorship programs, and robust antimicrobial resistance surveillance systems are 

necessary to address the gaps and curb the spread of resistance in the study areas and beyond. 

Keywords: Antimicrobial use, Antimicrobial resistance, Attitudes, Eastern Ethiopia, 

Knowledge, Commercial poultry farm owners and workers, Practices 



 

 

 

 

1. INTRODUCTION 

1.1. Background of the Study 

Antimicrobial resistance (AMR) is one of the most critical global public health problems facing 

countries at every income level in all regions. In 2019, direct deaths in the world, contributed 

to bacterial AMR, were 1.27 million (WHO et al., 2022). Consequently, this will worsen with 

poverty and inequality; thus, there is a need to make it an issue for public health. Antimicrobials 

are essential in maintaining the health and productivity of poultry through their actions against 

bacteria, viruses, and parasites (Hassan et al., 2021; Van Boeckel et al., 2015). They reduce 

morbidity and mortality in poultry flocks (Hao et al., 2014), and in other cases be used as growth 

promoters, improving feed efficiency and the overall performance of the flock (Dhama et al., 

2014; Kalia et al., 2022). 

However, the misuse and overuse of antimicrobials pose significant risks to public health and 

the environment. Inappropriate antimicrobial use drives the development of drug-resistant 

pathogens, reducing their effectiveness and jeopardizing the ability to treat infections (Frost et 

al., 2018; Kiambi et al., 2021). Poultry farms are considered potential reservoirs for resistant 

bacteria because of the high frequency of AMU (Hedman et al., 2020). These bacteria can be 

transmitted to humans through consumption of food and direct contact (Tabler et al., 2021). 

In Ethiopia, chicken rearing is one of the key factors in food security and livelihood for people 

(Yitayih et al., 2021). Nonetheless, AMR impacts poultry farming since resistant infections 

lead to increased mortality, reduced production, and increased treatment costs. This leads to 

economic losses on farms due to poor treatment and lower performance of flocks. Also, AMR 

is a danger to food safety since resistant bacteria can contaminate poultry products and affect 

consumer health (OMS, 2017; Selaledi et al., 2020). This implies that resistant bacteria can be 

passed from poultry to humans, mainly affecting poultry workers, consumers, and their families 

(Agyare et al., 2019). It is compulsory to understand how AMU and AMR be managed in 

poultry farming to protect public health (NCCID, 2016). 
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Several challenges are facing the poultry farming subsector in Ethiopia, including poor 

management practices, disease outbreaks, and a lack of regulatory control, resulting in 

inadequate use and overuse of antimicrobials (Desta, 2021). Most poultry producers in Ethiopia 

are smallholder farmers who raise chickens within their homesteads for socio-cultural and 

economic reasons. Challenges limiting these producers range from limited access to 

information, markets, veterinary services, and quality feed (Yemane et al., 2016). Conversely, 

commercial poultry operations situated in urban areas focus on the cultivation of meat, eggs, or 

both from enhanced breeds, encountering various obstacles such as competition, elevated costs, 

and outbreaks of diseases (Fekadu et al., 2022). Despite the critical role of poultry farming in 

Ethiopia, there is a lack of knowledge towards antimicrobial use (AMU) and AMR patterns 

among poultry farm owners and/or workers (Yitayih et al., 2021). Therefore, further study is 

needed, particularly in eastern Ethiopia, to assess the knowledge, attitudes, and practices 

(KAPs) of poultry farmers regarding AMU and AMR.  

1.2. Statement of the Problem  

Antimicrobial resistance remains a current challenge in Ethiopia, which is mostly due to 

improper and excessive use of antimicrobials in poultry production. Improper use includes 

application not based on veterinary advice, with the wrong dose, or against the wrong type of 

infection. Overuse is understood as excessive or frequent application which is usually 

prophylactic, rather than based on actual infections. Without proper veterinary oversight, these 

practices lead to the emergence of resistant bacterial strains, posing significant risks to public 

health, animal welfare, and food safety (Salam et al., 2023; WHO, 2022). 

Poultry is a high-demand product in Ethiopia; however, most small-scale farmers have no 

access to veterinary services, lack sufficient information on AMU and AMR, and receive poor-

quality feed. This leads to undiagnosed or poorly treated diseases, hence the misuse of 

antimicrobials. The occurrence of frequent outbreaks of diseases and inadequacy of regulatory 

mechanisms enhance improper AMU by exposing bacteria to suboptimal doses that foster 

resistance (Desta, 2021). 

Despite the critical role of poultry farming in Ethiopia's economy and food security (Abdi et 

al., 2017; Asfaw et al., 2022; Gemeda et al., 2020), data on AMU and AMR levels among 
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poultry farm workers is limited. The knowledge, attitudes and practices (KAPs) of poultry farm 

owners and workers regarding AMU and AMR have not been thoroughly studied, especially in 

the eastern regions of the country. This lack of data hinders the development of effective 

strategies to fight AMR. This leads to continued misuse and overuse of antimicrobials. 

Therefore, this research is performed with the intent of assessing the KAPs of poultry farm 

owners and workers regarding AMU and AMR in three eastern Ethiopian cities. Identifying 

factors affecting AMU and AMR is key to develop targeted interventions, promoting 

responsible practices, and mitigating resistance spread (Assefa, 2019). Ensuring public health 

and sustainable poultry farming practices is essential, and this research provides critical 

information to achieve these goals. 

1.3. Significance of the Study 

The increasing threat of AMR in the Ethiopian poultry sector requires immediate attention. This 

study focuses on assessing the KAPs of poultry farm owners and workers concerning AMU and 

AMR, which is required to understand and identify the root causes of antimicrobial misuse. The 

insights acquired from this study will be used to formulate specific interventions aimed at good 

AMU practices that will go a long way toward reducing the spread of resistant microbes and, 

hence, protecting animal, public, and environmental health. These will be contributory to 

sustainability and productivity within the poultry industry protecting the environment from 

contamination by resistant microorganism. This in turn contributes to informed data for 

policymakers and regulatory authorities to develop effective guidelines that control AMU and 

reduce AMR. Besides, it will indicate gaps in education to help design specific training 

programs for poultry farm owners and workers. This research will contribute significantly to 

public health, economic development, policy formulation, environmental sustainability, and 

scientific knowledge and will be one of the milestone efforts to combat AMR in Ethiopia.  
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1.4. Objectives of the Study 

1.4.1. General Objective 

The general objective of the study was to assess the level of KAPs related to AMU and AMR 

among commercial poultry farm owners and workers, focusing on factors that contribute to the 

emergence of AMR in target areas. 

1.4.2. Specific Objectives 

i) To assess the level of knowledge among commercial poultry farm owners and workers 

regarding AMU and AMR. 

ii) To assess the attitudes of poultry farm owners and workers towards AMU and AMR. 

iii) To identify the current practices of poultry farm owners and workers related to AMU 

and AMR. 

iv) To determine the contributing factors affecting AMU behavior of poultry farm owners 

and workers and the resulting AMR in three cities in eastern Ethiopia. 
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2. LITERATURE REVIEW 

2.1. Antimicrobial Use and Resistance Theories 

Theoretical frameworks provide a structured lens through which complex phenomena can be 

understood. In the context of AMU and AMR, existing frameworks help us analyze factors 

influencing behavior, decision making, and outcomes (Ruckert et al., 2024). The Health Belief 

Model (HBM) suggests that health-related behaviors are influenced by perceived susceptibility, 

severity, benefits and barriers (Jacobson et al., 2011). This helps us understand why farmers 

choose certain practices based on their beliefs about risks and benefits. On the other hand, 

Theory of Planned Behavior (TPB) focuses on attitudes, subjective norms, and perceived 

behavioral control (Siqueira et al., 2022), to explore how farmers’ attitudes toward 

antimicrobials, social influences, and perceived control impact their decisions. So far, Socio-

Ecological Model considers multiple levels of influence like from individual, interpersonal, and 

community (Golden and Earp, 2012) to examine factors and their combined effects.  

Moreover, Conceptual Models illustrate relationships between variables (Field et al., 2014), 

depicting how knowledge and attitudes affect actual practices in poultry farming. The 

components of the model include Knowledge, Attitudes, and Actual Practices. Knowledge, 

represented as a foundational block, encompassing awareness of AMR, understanding of proper 

AMU, and awareness of associated risks (Mudenda et al., 2022). Attitudes, as an intermediate 

step, indicate that positive attitudes toward responsible AMU lead to better practices (Al-

Mustapha et al., 2020). Actual practice, the ultimate outcome, involves dosage adherence, 

compliance with the withdrawal period, and overall responsible AMU. The model illustrates 

both direct pathways (knowledge → practices) and indirect pathways (knowledge → attitudes 

→ practices) (Chilawa et al., 2023). Additionally, mediators such as social norms and perceived 

behavioral control could enhance or hinder these pathways (Caudell et al., 2020).  
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2.2. Historical Perspectives on Antimicrobial Use and Resistance in Poultry 

2.2.1. Evolution of Antimicrobial Use 

The use of antimicrobials in animal production can be traced back to the 1910s, a period marked 

by meat shortages that led to widespread protests and riots across the United States (Warren, 

2014). During that period, researchers sought methods to increase meat production at lower 

costs, leading to the adoption of antibiotics and other antimicrobial agents (Agyare et al., 2019). 

Mid-twentieth century researchers discovered that subtherapeutic doses of antibiotics enhanced 

poultry growth rates, leading to their routine incorporation into feed and water to promote 

growth and prevent diseases. Subsequently, the rise in poultry production increased AMU, with 

large-scale commercial farms relying heavily on antibiotics (Castanon, 2007; Warren, 2014). 

Regulatory changes in the poultry industry have included the introduction of withdrawal periods 

by regulatory agencies, the banning of certain antibiotics such as chloramphenicol and 

fluoroquinolones due to concerns about AMR and residues (Murphy et al., 2017), and the 

implementation of mandatory labelling requirements that provide clear guidelines on AMU, 

dosages, and withdrawal periods (Sarkar and Okafor, 2022).  

2.2.2. Antimicrobial Resistance Milestones 

The Swann Report (1969) was a pivotal document that established a connection between AMU 

in agriculture and AMR in humans, advocating for more wise use of antimicrobials (Wellcome, 

2024). Furthermore, the review by O’Neill (2016) underscored the global threat posed by AMR, 

calling for immediate and coordinated action across various sectors to mitigate this growing 

crisis. In response, the World Health Organization Global Action Plan on AMR was launched 

in 2015, with the aim of combating AMR through enhanced surveillance, stewardship, and 

research efforts (Minimol et al., 2023). Similarly, the European Union Antibiotic Reduction 

Targets (EU-ART) were established to decrease AMU in livestock, including poultry, as part 

of a broader strategy to curb AMR (Murphy et al., 2017). Furthermore, World Antibiotic 

Awareness Week is an annual initiative designed to increase awareness of the responsible AMU 

and the dangers of AMR (Choy and Hsu, 2017). The One-Health Approach also emphasizes a 

cohesion of human, animal, and environmental health in the fight against AMR (Collignon and 

McEwen, 2019). 
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2.3. Antimicrobial Use Patterns and Practices 

2.3.1. Sources of Antimicrobials 

According to Eguale (2018) in Ethiopia, poultry farmers access antimicrobials from different 

and often unregulated sources, such as veterinarians, drug sellers, fellow farmers, and informal 

markets. For more than 80% of farmers, agrovets are the main suppliers of antimicrobials and 

the sole providers of animal health information, in addition to their social contacts (Samuel et 

al., 2023). Farmers often turn to drug vendors for their poultry needs, especially in the absence 

or unaffordability of agrovets although they are informal traders who sell veterinary drugs 

without proper regulation or quality control (McKernan et al., 2021). However, six out of ten 

farmers consult veterinarians for advice on AMU, but many of them disregard their professional 

advice. Moreover, farmers also learn from and imitate their fellow farmers, who are often their 

family members or friends, in using antimicrobials for their poultry (Samuel et al., 2023). 

2.3.2. Types of Antimicrobials Used 

Depending on their purpose, poultry farmers use different kinds of antimicrobials for their birds. 

Some of these objectives include curing diseases, preventing infections, improving growth, and 

increasing productivity (Koirala et al., 2021). For example, poultry farmers frequently use 

various antimicrobials, such as tylosin, colistin, neomycin, doxycycline, and combinations of 

two or three drugs. Specifically, they apply tylosin for respiratory diseases and colistin for 

digestive disorders (Agyare et al., 2019). In addition, farmers use neomycin and doxycycline 

to protect their poultry from coccidiosis and other bacterial infections, respectively (Herago et 

al., 2021). Dual or triple antimicrobial therapies are used for growth promotion and productivity 

improvement, as well as for the treatment of mixed infections (Calik et al., 2019).  

The most commonly used antimicrobials in poultry farming in Ethiopia are antibacterial such 

as tetracyclines, sulfonamides, aminoglycosides and penicillins (Dagnew et al., 2020); 

antiprotozoals like amprolium and sulfa drugs; antihelminthics such as albendazole, 

tetramisole, and plant compounds (Beyene et al., 2015). Probiotics as live microorganisms are 

added to the feed and/or water of chickens to improve their intestinal balance and health. 

Additionally, they also enhance the digestion and absorption, stimulate the immune system, and 
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prevent or treat diarrhea (Selaledi et al., 2020). Phytochemicals (natural compounds derived 

from plants) have various beneficial effects on poultry health and performance. They can 

modulate the gut microbiota, improve the immune system, reduce oxidative stress, and inhibit 

pathogenic microorganisms. Some examples of phytochemicals used in Ethiopia for poultry are 

ethno-veterinary medicine as indicated by Wodegebriel et al. (2018).  

2.4. Factors Affecting Knowledge of Poultry Farm Owners and Workers 

2.4.1. Socio-demographic Factors  

Several socio-demographic characteristics, including age, education, experience, income, and 

farm size, affect poultry farmers' knowledge, attitudes, and practices regarding the AMU and 

AMR (Chilawa et al., 2023). According to Caudell et al. (2022), farmer attitudes and 

understanding about antimicrobials improved with experience, education and age. Similarly, 

greater antimicrobial knowledge and practices are correlated with higher income and larger 

farm size (Sindato et al., 2020). In contrast, a study by Mounzer et al. (2021) has provided 

variable results, suggesting that age, income, or education may not entirely explain variations 

in the knowledge, attitudes, and practices of chicken farmers about AMU and AMR.  

According to Geta and Kibret (2021), socio-demographic variables such as education level, 

farm size, type of chicken production, and source of antimicrobial advice influence the KAPs 

of poultry farmers towards AMU and AMR in Ethiopia, which are often low and inappropriate. 

In three districts in central and western Ethiopia, livestock farmers' knowledge, attitudes, and 

behaviors related to AMU and AMR were evaluated by Tufa et al. (2023). According to Tufa 

and colleagues, most farmers had positive practice scores in relation to AMU but little 

knowledge and attitudes regarding AMU and AMR. Based on this, it is discovered that 

improving antimicrobial stewardship (AMS) in the livestock industry requires an understanding 

of farmers' perspectives.  

2.4.2. Economic and Behavioral Factors  

Knowledge, attitudes, and practices of poultry farmers about AMU and AMR are also affected 

by economic and behavioral factors, including cost, benefit, risk, perception, motivation, and 

habit (Chilawa et al., 2023). Therefore, antimicrobials are used in poultry farms to both prevent 
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illness losses, decreased marketability, and higher veterinary costs, and gain financial 

advantages such as to raise productivity, profitability, and food security (Agyare et al., 2019). 

The quality and viability of AMU, as well as poultry production are threatened by economic 

and environmental issues faced by poultry producers (Islam et al., 2022). Regarding AMU and 

AMR, poultry farmers have varying beliefs, motives, and practices, which can affect their 

decision-making, compliance, and change in behavior (Hibbard et al., 2023). They are typically 

driven more by financial incentives, social norms, or personal opinions than by empirical 

evidence, professional advice, or public health concerns, and they view the advantages of using 

antimicrobials as outweighing the risks (Gemeda et al., 2020). Furthermore, it is challenging to 

alter the habit of poultry farmers with AMU and AMR, particularly in the lack of sufficient 

information, awareness and support (Hassan et al., 2021).  

2.4.3. Information Sources  

The sources, channels and frequency of information are among the information and 

communication components that influence the knowledge and attitudes regarding AMU and 

AMR (Rayner et al., 2019). For example, veterinarians, agrovets, drug vendors, fellow farmers, 

the media and the internet are some of the sources where one can find information and guidance 

regarding AMU and AMR (Higuita-Gutiérrez et al., 2020), yet veterinarians play a crucial role 

as primary sources of information for poultry farmers, offering personalized advice, conducting 

farm visits, and addressing specific concerns. In addition, they guide farmers on disease 

management, treatment protocols and responsible AMU (Al Sattar et al., 2023). Furthermore, 

extension officers act as intermediaries between research and practice, organizing workshops, 

distributing educational materials, and facilitating knowledge transfer to ensure that evidence-

based information reaches farmers at the grassroots level (Bradstock et al., 2007). The 

precision, consistency and comprehensiveness of the information and guidance farmers receive, 

then again, may be subject to broad changes in the quality, reliability, and accessibility of 

different sources (Matabi, 2017; Omondi, 2022). Furthermore, digital platforms, websites, and 

mobile apps provide accessible information, allowing farmers to access guidelines, research 

articles, and videos related to AMU and AMR, thus complementing face-to-face interactions 

and offering continuous learning opportunities (Mohsin et al., 2023). 
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2.4.4. Educational Programs and Awareness Creation  

Educational initiatives are vital to enhance knowledge on responsible AMU and AMR among 

poultry farmers (Al Sattar et al., 2023; Hassan et al., 2021). Specifically, the programs directly 

target farmers, enhancing their understanding of best practices. For example, workshops 

typically cover essential topics on proper dosage, withdrawal periods, and risks associated with 

AMR, while extension services offer on-farm guidance with evidence-based recommendations 

(Nkansa et al., 2020). As a result, those who participate in educational programs generally 

exhibit better knowledge about AMU and AMR, leading to more informed decision making 

and improved practices (Subedi et al., 2023). 

2.5. Attitudes Toward Responsible Antimicrobial Usage 

2.5.1. Risk Perception  

Poultry farmers’ risk perception influences their AMU decisions. On the subject of AMU and 

AMR, poultry farmers have varying beliefs, motives, and practices, which can affect their 

decision-making, compliance, and change in behavior (Hibbard et al., 2023). They are typically 

driven more by financial incentives, social norms, or personal opinions than by empirical 

evidence, professional advice, or public health concerns, and they view the advantages of using 

antimicrobials as outweighing the risks (Gemeda et al., 2020). Still, they may perceive the 

development of AMR as a distant risk, especially if they lack information. In view of that, 

responsiveness to the link between AMU and AMR helps farmers recognize the direct impact 

of their practices. For example, while considering the risk of treatment failure due to resistant 

infections, poultry farmers (particularly) who prioritize food safety are likely to stand aware of 

the risk of antimicrobial residues in poultry products. Since these residues can enter the food 

chain and affect consumers, responsible AMU has to be implemented so as to minimize this 

risk (Geta and Kibret, 2021; Hassan et al., 2021; Mohsin et al., 2023). 

2.5.2. Moral Circumstances 

Ethical dilemmas arise when farmers need to choose between animal welfare and economic 

viability. For instance, using antimicrobials to promote growth may improve profits but could 

compromise animal health. Therefore, responsible AMU must be established to consider both 
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economic factors and animal well-being (Diarra and Malouin, 2014). Farmers weigh the 

benefits of AMU (for example, faster growth) against potential harm to their chicken. This 

obliges someone to be ethical with the intention of prioritizing less suffering with caring 

actions. In addition, withdrawal periods are crucial to prevent residues in meat and eggs 

(Mulchandani et al., 2023; Van Boeckel et al., 2015). Ethical decisions must be extended 

beyond the farm environment, since farmers may fail to recognize their role in preventing AMR 

spread to humans, yet responsible AMU contributes to public health by preserving effective 

antibiotics (Landers et al., 2012). 

2.6. Best Practices and Guidelines for Responsible Antimicrobial Use 

2.6.1. Dosage and Administration  

Existing guidelines on drug administration strictly emphasize the importance of administering 

antimicrobials in the correct dosage, as underdosing may lead to treatment failure, while 

overdosing can contribute to AMR (Habte et al., 2017). Veterinarians provide specific dosage 

recommendations based on the type of antimicrobial and the weight of the animals, poultry in 

our case. Antimicrobials can be administered orally, with water or by injection, with the chosen 

route depending on the properties of the drug, the severity of the condition, and practical 

considerations (Gray et al., 2021). Proper administration ensures effective drug delivery, and 

guidelines specify the duration of treatment, highlighting that completing the full course is 

essential to prevent suboptimal dosing and resistance. Stopping treatment before the full course 

may allow the surviving bacteria to develop resistance behavior in the next exposure to that 

same drug (Garedew et al., 2015; Kakooza et al., 2023).  

2.6.2. Alternatives to Antimicrobial Use 

Probiotics are beneficial bacteria that promote gut health by competing with harmful bacteria, 

thereby reducing the need for antimicrobials. Previous studies have shown that probiotic 

supplements can enhance immunity and overall flock health, leading to reduced antimicrobial 

use (Maina et al., 2019). Additionally, vaccination prevents infections and reduces the reliance 

on antimicrobials. Proper vaccination schedules protect against common poultry diseases 

prevalent in Ethiopia, such as Newcastle disease and infectious bursal disease. Furthermore, 
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consulting with veterinarians to design an effective vaccination program is crucial for Ethiopian 

poultry farmers (Asfaw et al., 2021; Guteta, 2021; Habte et al., 2017). Furthermore, biosecurity 

practices such as isolating new birds, controlling visitor access, and maintaining hygiene too 

are critical to preventing the introduction and spread (Mudenda et al., 2023; Selaledi et al., 

2020). A robust biosecurity plan tailored to Ethiopian poultry farms (Ismael et al., 2021; 

Melkamu et al., 2016; Tsegaye et al., 2023; Waktole et al., 2023) can significantly reduce the 

incidence of diseases, minimizing the need for antimicrobials. Responsible use involves 

following dosage guidelines, administration routes, and exploring non-antibiotic alternatives. 

Ethiopian poultry sectors can maintain flock health by implementing best practices and 

minimizing the risks associated with AMR (Fekadu et al., 2022; Habte et al., 2017). 

2.6.3. Challenges in Implementing Responsible Practices 

Poultry farming in Ethiopia operates within tight profit margins and purchasing newer and more 

effective antimicrobials which can strain limited budgets. Consequently, farmers may go for 

cheaper alternatives or suboptimal dosages to save money. However, responsible AMU often 

requires higher-quality antimicrobials, which come with a price. Therefore, farmers must weigh 

the short-term cost of treatment against long-term benefits, such as reduced AMR and improved 

flock health (Abadula et al., 2022; Yemane et al., 2016). Animal producers often follow 

established routines based on tradition or convenience, and breaking habits is challenging, 

especially when it comes to changing AMU practices. Even if farmers are aware of best 

practices, they can default to familiar routines (Kakooza et al., 2023). Thus, introducing new 

practices requires behavior change, and farmers may resist adopting responsible AMU due to 

inertia or fear of disturbing their existing adaptations (IACG, 2018; Speksnijder et al., 2015). 

Farmers’ behaviors towards AMU are influenced by their social networks, and if peers continue 

old practices, it reinforces the status quo (current status). Therefore, it is essential to encourage 

collective change within farming communities (Kiambi et al., 2021). Overcoming resistance 

involves education, motivation, and support. Addressing economic constraints and overcoming 

behavioral barriers are critical to promoting responsible AMU. As concluded by Habiba et al. 

(2023), customized interventions, economic incentives, and community engagement can help 

poultry farm owners/workers transition to more sustainable practices. 
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2.7. Impact of Knowledge and Attitudes on Actual Practices 

2.7.1. Knowledge-Practice Gaps 

Antimicrobials are widely used in the poultry industry worldwide, including in Ethiopia. 

However, many Ethiopian farmers do not know how to use them properly and safely (Sambo 

et al., 2015). They often ignore the risks associated with antimicrobial residues in poultry 

products and the emergence of resistance within poultry pathogens (Gebeyehu et al., 2021). It 

has also been indicated in the book section by Agyare et al. (2019)  that only a few farmers are 

aware of these issues, and even fewer follow the advised withdrawal and antimicrobial use 

practices. Farmers have different levels of knowledge and concern about the pros and cons of 

AMU. Their KAPs depend on factors such as education level, farming experience, information 

sources, and veterinary support (Oloso et al., 2022). Many farmers believe that antimicrobials 

are more beneficial than harmful and use them based on personal or peer recommendations 

rather than veterinary advice (Kiambi et al., 2021). 

As emphasized in worldviews on evidence-based nursing by Westerlund et al. (2019), the 

knowledge-practice gap refers to the disparity between what individuals know (knowledge) and 

what they actually do (practices). In the context of poultry farming, this gap manifests itself 

when farmers possess information about responsible AMU but fail to implement it consistently. 

Farmers may be aware of best practices, but face challenges in translating that knowledge into 

daily routines (Alhaji et al., 2018; Siddiky et al., 2022). Habitual practices often override newly 

acquired knowledge, and limited resources such as time, finances, and labor further affect the 

adoption of recommended practices (Esha, 2023; Mudenda et al., 2023). 

Attitudes play a crucial role in bridging the gap, where positive attitudes toward responsible 

AMU enhance the likelihood of implementing best practices, while negative attitudes, such as 

skepticism about AMR risks, hinder behavior change. As a result, antimicrobial use patterns 

and practices in poultry farming are often irrational and inappropriate (Odey et al., 2024), as 

many farmers lack knowledge and awareness of how to use antimicrobials correctly, in terms 

of dose, timing, or frequency so that farmers who raise animals must understand and abide by 

the principles of AMR, withdrawal times, and residues (Ragassa and Berhanu, 2023). 

Moreover, many poultry farmers are indifferent to the environmental impact of antimicrobial 
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use and do not know how to use them wisely. They also lack the skills or motivation to adopt 

alternative methods that can reduce their reliance on antimicrobials (Mudenda et al., 2023). 

2.7.2. Behavioral Concepts  

The Theory of Reasoned Action (TRA) postulates that behavioral intentions are influenced by 

attitudes and subjective norms (Al-Suqri and Al-Kharusi, 2015). In the context of AMU, this 

means that the positive or negative evaluations of the responsible AMU practices, along with 

their perceptions of social pressure (for example, peer expectations, veterinarian advice), shape 

their intentions and drive their actual practices (Kiambi et al., 2021; Shahi et al., 2023; 

Speksnijder et al., 2015). The Theory of Planned Behavior (TPB) extends TRA by adding the 

concept of perceived behavioral control (Siqueira et al., 2022). This theory highlights that 

farmers’ beliefs about their ability to perform responsible AMU significantly impact their 

practices. High perceived control leads to better adherence to responsible AMU practices (Shahi 

and Jeamsripong, 2024; Ssajjakambwe et al., 2023). 

These theories guide interventions such as educational campaigns, skills training, and peer 

influence. Educational campaigns aim to improve knowledge-attitude component and 

emphasizing social (subjective) norms. Skills training improves perceived behavioral control 

with practical routines, while peer influence uses social networks to reinforce positive attitudes 

and encourage behavior change (Frost et al., 2018; Kallu et al., 2024; McKernan et al., 2021).   

2.8. Exemplary Approaches on Antimicrobial Use and Resistance 

2.8.1. Optimizing Antimicrobial Use and Combating Resistance 

It is critical to monitor and control AMU in poultry production, ensuring that the levels of 

residues in chicken products within the maximum residual limits (MRLs) set by food safety 

authorities (Anwar et al., 2023). The One Health concept calls for collaboration among various 

agricultural system components (Mudenda et al., 2023), when the relationship between animal, 

human, and environmental health is recognized. In addition, implementing prevention and 

control strategies such as biosecurity, sanitation, hygiene, immunization, and disease 

surveillance helps reduce the need for antimicrobials (Iredell, 2019). Apart from that, what is 

notably needed is AMS improvement, which includes creating and implementing rules, 
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guidelines, and policies for prudent AMU, as well as educating and training farmers, 

veterinarians, and other pertinent individuals (Chilawa et al., 2023). 

Furthermore, according to Tartari et al. (2017), it is critical to track and document AMU and 

AMR data (the types, amounts, and patterns of antimicrobials used, as well as the frequency 

and patterns of resistant bacteria) in poultry industry. This intervention encourages research and 

innovation to find and support new methods to prevent and treat poultry infections, such as 

vaccines, probiotics, phages, and low-resistance antimicrobials (Scarafile, 2016). Ethiopia has 

developed its first National Poultry Development Strategy (NPDS), which aims to enhance the 

sustainable development of the poultry subsector and contribute to the country’s food and 

nutrition security, income generation and poverty reduction (Shapiro et al., 2020). 

As a result, prophylactic and metaphylactic use of antibiotics should be limited and controlled 

according to NPDS recommendations. To prevent and control poultry illnesses, alternative 

interventions to AMU should be implemented, such as improved biosecurity, hygiene, 

immunization, and nutritional supplements (Gebeyehu et al., 2021). Additionally, to minimize 

side effects and slow the spread of AMR, the strategy promotes integrated interventions that 

support the optimal selection, dosage, and duration of antimicrobial therapy. Collaboration 

among all stakeholders, including veterinarians, farmers, feed manufacturers, pharmaceutical 

firms, regulators, and consumers, is crucial. The approach should be grounded in evidence-

based guidelines, surveillance and education, as suggested by Fekadu et al. (2022). 

Educating consumers, policymakers, and the media about the dangers and repercussions of 

AMR, as well as the advantages of cautious AMU and ethical poultry farming practices, is the 

ultimate but certainly not least line of attack (Orubu et al., 2020). Ethiopia has just released its 

third One Health strategy plan for 2021–2025, which aims to prevent and contain AMR and 

draws on the successes and difficulties of previous plans (Muhie, 2019). The International 

Centre for Antimicrobial Resistance Solutions (ICARS), which works with the Ethiopian 

Ministry of Agriculture and the Food and Agriculture Organization of the United Nations, is 

one example of an ongoing initiative and project that aims to optimize AMU and combat AMR 

in poultry farms in Ethiopia (Sammataro and Yoder, 2023). 
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2.8.2. Case Studies and Success Stories  

A notable case study involves a large broiler farm in the United States that faced high mortality 

rates due to bacterial infections. The farm implemented a comprehensive vaccination program 

targeting common poultry pathogens, resulting in a significant decrease in mortality and a 

reduced reliance on antibiotics for disease treatment. This case underscores the importance of 

vaccination in preventing infections and reducing the need for drugs. Regular monitoring and 

adjustment of vaccination schedule are crucial for persistent success (Agyare et al., 2019).  

Another effective intervention was conducted on small-scale layer farms in Belgium, where 

veterinarians provided farm-to-farm training sessions and introduced decision support tools, 

such as mobile apps, which offered dosage recommendations and withdrawal periods. This 

intervention led to improved farmer knowledge related to AMU guidelines and increased 

compliance on withdrawal periods. Tailored training sessions and user-friendly tools were 

found to improve responsible practices effectively (Mulchandani et al., 2023). 

A successful behavioral change campaign, ‘Antibiotics are not always the answer’, was initiated 

in the United Kingdom by a regional health department in collaboration with poultry 

associations. The campaign included educational workshops for farmers, veterinarians, and 

extension officers, public awareness events that emphasize responsible AMU, and the 

distribution of leaflets and posters. Main points from this campaign include community 

engagement and clear messaging to drive behavior change, as well as the reinforcement of 

positive attitudes through consistent campaigns (Emes et al., 2023). 
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2.9. Conceptual Framework  

 
Figure 1. Schematic flow diagram demonstrating a conceptual framework

Distal factors

Socio-demographic Factors: 

*Age, Gender, Marital status, Education level, Location 
(Harar, Dire Dawa, Jigjiga), Role in the farm 

Farm Characteristics: 

*Type of farm (layer, broiler, both), Farm size (small, 
medium, large), Farming experience 

Economic Factors: 

*Primary income source, dependence on poultry 
farming

Immediate factors

Knowledge: 

*Understanding of AMs, Awareness of AM residues, Knowledge of AMR 
consequences, Knowledge of disease-specific antimicrobials

Attitudes: 

*Beliefs on necessity of AMs, Importance of correct dosage, Attitudes 
towards random AMU, Beliefs about preventive use of AMs 

Practices: 

*Administration of antimicrobials, Checking expiry dates, Consulting 
vets, Adherence to withdrawal times, Adjusting doses, Switching AMs 
mid Rx

Outcome variables

Levels of KAPs: 

*Proportion of knowledgeable individuals 

*Proportion with desirable attitudes 

*Proportion with better practices

AMU patterns: 

*Frequency of AMU

*Occurrence of AMR in farms

Linkages

Distal Factors -> Immediate Factors: 

*Socio-demographic and farm characteristics influence KAPs. 

Immediate Factors -> Outcome Variables: 

*KAPs directly affect the AMU patterns

Interventions -> Immediate Factors: 

*Educational, behavioral, and policy interventions enhance KAPs 

Outcome Variables -> Interventions: 

*Feedback from outcome variables guides the intervention measures

Research background

Context:

*Overview of AMU and AMR in poultry farming

*Importance of understanding KAPs on AMU and AMR 

*Relevance to public health and policy implications

Study objective

*To assess the KAPs regarding AMU and AMR 
among commercial poultry farm owners and 
workers in three cities in eastern Ethiopia

Study population and Data 
collection

*All poultry farm owners and workers in Dire 
Dawa, Harar, and Jigjiga cities were the source 
population.

* One respondent per each farm in each of the 
three cities will be contacted for interview.

Analysis methods

Statistical analyses:

*Chi-square tests for associations 

*Logistic regression to determine magnitudes of associations 

*Spearman’s rank-order correlation to correlate KAPs variables 

*Evaluation of model assumptions (multicollinearity using VIF, 
autocorrelation using Breusch-Godfrey test) 

*Goodness-of-fit tests (e.g.Hosmer-Lemeshow test)

Intervention mechanisms

Educational Programs: 

*Training on antimicrobial use and resistance 

*Workshops on impacts of antimicrobial residues 

*Awareness campaigns on AMR and consequences 

Behavioral Interventions: 

*Promotion of responsible AM administration 

*Encouraging consultation with veterinarians 

*Reinforcement of adherence to withdrawal times 

Policy and Regulatory Interventions: 

*Implementation of guidelines for AMU

*Enforcement of regulations on AM prescriptions
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in three cities located in eastern Ethiopia: Harar, Dire Dawa, and 

Jigjiga. Dire Dawa is one of the largest urban centers in the country, positioned near the border 

with Somalia. As of 2023, its population is approximately 551,000, making it the second-largest 

chartered city in Ethiopia after Addis Ababa (CSA, 2023). Situated at an elevation of 1,276 

meters above sea level on the Dechatu River, Dire Dawa is encircled by a ring of cliffs. As 

represented in figure 2 below, it is situated between the coordinates of 9°27'30" and 9°45'00" 

N latitude, and 41°43'30" and 42°15'00" E longitude (USAID/Ethiopia, 2020). Dire Dawa 

experiences a semi-arid climate, with an annual average rainfall of 629 mm and an average 

temperature of 23.9°C. Dire Dawa stands as an industrial and commercial hub, featuring several 

markets and the Dire Dawa Airport. The city is also renowned for its significant poultry farming 

industry, comprising both large and small-scale farms producing eggs and meat for local and 

national markets (Keffale and Mume, 2015). As of 2022, the Dire Dawa Administration Council 

estimated the total number of chickens to be 98,858 (CSA, 2022). 

Harar, the capital city of both Harari Region and the East Hararghe Zone, had an estimated 

population of 283,000 as of 2023 (CSA, 2023). Perched on a hilltop at an elevation of 1,885 

meters above sea level, Harar is encircled by a historic wall with five gates. The city enjoys a 

subtropical highland climate, with an average annual rainfall of 782 mm and an average 

temperature of 19.3°C. Harar is geographically located between 9°15'00" and 9°18'50"N 

latitude, and 42°02'30" and 42°18'40"E longitude as in figure below (USAID/Ethiopia, 2020). 

Renowned for its rich history and culture, Harar is regarded as the fourth holiest city in Islam, 

home to 82 mosques and 102 shrines. The city is also celebrated for its traditions and distinctive 

coffee. Predominantly inhabited by Harari people, who possess their own language and culture, 

Harar also accommodates various other ethnic groups, including Oromo, Amhara, Somali, and 

Gurage. In 2022, the poultry population in Harar was estimated to be 85,180 (CSA, 2022). 
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Jigjiga, the capital city of the Somali Regional State, has an estimated population of 428,759 as 

of 2023 (CSA, 2023). It is situated at coordinates 9°21'00"N and 42°48'00"E (USAID/Ethiopia, 

2020). The region is predominantly inhabited by pastoral and agro-pastoral communities who 

rely on livestock production for their livelihoods. With a high population density, Jigjiga is a 

significant source of livestock for both domestic and export markets. Human-animal 

interactions and consumption habits are notably high in the area. Frequent cross-border 

movements of pastoral communities and their livestock to neighboring countries, such as 

Djibouti and Somalia, are common. Located in the Jigjiga Zone, the city is approximately 106 

km east of Harar and 628 km from Addis Ababa. Jigjiga sits at an elevation of 1,609 meters 

above sea level and experiences a subtropical mid-highland climate influenced by nearby 

mountains. This climate results in hot and dry summers with cold winters. The city's average 

temperature ranges between 25 to 31°C, and its annual rainfall varies from 11 to 712 mm. 

Humidity levels range between 45% and 70%. As of 2022, the total poultry population in the 

Somali region was estimated to be 383,756 (CSA, 2022). 

 
Figure 2. Map of Dire Dawa, Harar and Jigjiga cities, Eastern Ethiopia 

 (Source: ESRI, 2024). 
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3.2. Study Population 

Our source population were all owners and workers of poultry farms with (small-scale (100 up 

to 1,000), medium (1,001 up to 10,000), and large-scale (above 10,000 chickens)) in these 

cities. The farm scale was adapted from Wondmeneh et al. (2017). All registered poultry farms 

in the study areas were recruited into the study so that poultry farm owners/workers in each city 

were considered as our target and study population. 

3.3. Study Design 

A cross-sectional study was conducted to assess level of KAPs among commercial poultry farm 

owners and/or workers regarding antimicrobial use and resistance in Dire Dawa, Harar and 

Jigjiga cities from March to December of 2024.  

3.4. Sample Size and Sampling Technique 

Checklists of registered poultry farms from the agricultural offices of the three cities were 

obtained and enrolled for the survey. Based on this, a total of 106 commercial poultry farms, 

48, 36, and 22 from Dire Dawa, Harar, and Jigjiga cities, respectively, were engaged for the 

study. From each farm, we contacted one person (either a farm owner, manager, or poultry 

health expert). Because, those individuals were the ones most commonly involved in practices 

related to AMU and AMR in the poultry farms.  

3.5. Data Collection Methods and Quality Assurance 

3.5.1. Data collection procedures 

Structured questionnaire (Appendix 2) with six sections including: demographic information, 

characteristics within the farm, AMU on the farm, Knowledge, Attitudes, and Practices of 

poultry farm owners/workers supported by face-to-face interviews which were designed based 

on the Theory of Planned Behavior and the literature report (IACG, 2018), and was developed 

after performing a thorough literature review on comparable studies (Speksnijder et al., 2015). 

The questionnaire contained 52 questions, of which seven open-ended and forty-five closed-

ended about the socio-demographics (eight questions), farm characteristics (seven questions), 
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antimicrobial use on the farm (six questions), knowledge about AMU and AMR (eleven 

questions), their attitudes (nine questions), and eleven questions about their self-reported 

practices. Antimicrobial resistance was not taken as a separate section; rather, it was included 

in questions under knowledge, attitudes, and practices. The questionnaire was prepared in 

English and translated into local languages (Afan Oromo and Amharic) for easy communication 

with respondents who are not elite. The questionnaire was reviewed and assessed for its content, 

design, relevance, and plausibility.  

3.5.2. Data Quality Control and Validation 

A pilot study as a feasibility study was conducted in Maya city to check reliability of the survey 

tool on 12 participants from 12 farms, that was fortunately around 10% of the study population. 

Cronbach’s alpha test statistic was used to measure internal consistency and reliability by 

assessing how closely a set of items (questions) was related within the scale. The alpha test 

output gave us scale reliability coefficients of 0.9018, 0.8529, and 0.8970 for knowledge, 

attitudes, and practices, respectively. Generally, a Cronbach’s alpha value of greater than a 

lower threshold of 0.7 revealed good internal consistency for the measurement instrument as 

indicated by Nunnally (1994). Consequently, the results in our pilot study demonstrated that 

the reliability of the survey tool which was found to be worthy and feasible to conduct the study 

consistently. Being from separate city, the data from pilot survey was not included in the final 

survey for the sake of independence of each information. Lastly, data collection was employed 

by the investigator and assistants from each study area. 

3.6. Scoring Methods 

Knowledge was measured by assessing the understanding of AMU and AMR, where yes/no 

questions used to evaluate that knowledge. A score of 1, and 2 was assigned for the dichotomous 

response alternatives, 1 for unintended and 2 for intended response which was answered by 

either ‘Yes’ or ‘No’. A mean score of all individual responses to each knowledge-based 

question was computed and compared with a grand mean (average of all mean knowledge 

scores) as it was adapted from previous guidelines (Merica et al., 2018; WHO, 2008). The grand 

mean for knowledge level in the current study was found to be 1.56, where participants with a 

mean knowledge score 1.56 were categorized as poor knowledge, while those with >1.56 as 



22 

 

 

 

good knowledge. Ultimately, knowledge variable was appended as a final column in Excel 

Spreadsheet, being outcome variable for the knowledge section of data. 

Subsequently, attitude was measured by assessing beliefs and opinions towards AMU and 

AMR. Responses to attitude-related questions were graded on a three-point Likert scale as 

agree, uncertain, and disagree (Likert, 2017), and assigned their respective points (larger score 

for the most expected response). Finally, mean scores across each attitude-related questions 

were obtained from a sum totals for all respondents. The grand mean for three-point Likert scale 

was found to be 2.15.  Individual attitude-scores were categorized into two as ‘undesirable’ and 

‘desirable’ with values  ≤ 2.15 and > 2.15, respectively.  

 Finally, practices were measured by evaluating the actual behaviors related to AMU, where 

“yes/no/do not know or not sure” answers were used to evaluate the practices. A mean practice 

score was computed in the way as above (Knowledge- and Attitudes-sections) and then 

assigned values of three, two, and one, respectively for each, along with the degree of their 

expectedness in the descending order. The mean was used as a cut-off point to categorize each 

respondent’s practice score into two, those with a mean practice scores of ‘less or equal to the 

grand mean (suboptimal practices)’ and ‘above the grand mean (better practices)”, assigning to 

that values of 0 and 1, respectively. Then, a general practice was put into the variable section 

as the response variable. Better or positive practices are exemplified by activities like proper 

AMU and adherence to guidelines, while suboptimal practices by irrational/misuse, underuse, 

overuse and the like. In general, scores above the mean indicate better knowledge, appropriate 

practices, and desirable/positive attitudes, whereas scores below or equal to the mean represent 

a lack of knowledge, suboptimal practices, and undesirable/negative attitudes. 

3.7. Data Management and Analysis 

The data entered into MS Excel Spreadsheet (2016) were cleaned and edited to ensure its 

accuracy and consistency. Securely stored and encoded data was analyzed using Stata/SE 

version 14. The Chi-square test was used to assess the association between socio-demographic 

information and the KAPs level of commercial poultry farm owners and workers, while binary 

logistic regression analysis was used to assess the magnitude of association by using odds ratio 
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between AMU and AMR knowledge, attitudes, and practices with their respective explanatory 

variables.  

The assumptions of the constructed models were rigorously evaluated to ensure their robustness 

and reliability. Before the regression analysis, data were screened for missing values and 

multicollinearity using Variance Inflation Factor (VIF). Variance Inflation Factor values 

between 1 and 5 indicated acceptable levels of multicollinearity as per Liao and Valliant (2012). 

This ensured that the explanatory variables were sufficiently independent from each other. For 

any instances of high multicollinearity, variables were either removed or combined. 

Autocorrelation was likely assessed using tests such as the Breusch-Godfrey test and robust 

standard errors, ensuring that residuals from the regression models did not exhibit 

autocorrelation, which could bias the results. Additionally, model fitness was diagnosed using 

goodness-of-fit tests (Hosmer-Lemeshow test) to ensure that the final constructed models were 

robust and reliable. Moreover, Spearman’s rank-order correlation was used to determine the 

relationship and direction of association between the mean scores of the outcome variables 

(KAPs), where correlation coefficients set as weak (0< |r| <0.3), moderate (0.3|r|<0.5), or 

strong (0.5|r|<1) positive/negative association (Schober and Schwarte, 2018). Finally, the data 

were interpreted, organized and presented using tables, graphs, and narratives, as appropriate. 

3.8. Operational Definitions 

Poultry farmers in this context indicate individuals or groups who raise chickens for 

commercial purposes in the Dire Dawa, Harar, and Jigjiga cities. We have identified and 

selected poultry farm owners/workers (either the farm owner, manager, focal person, or poultry 

health expert) for the study by using a sampling technique that ensures the representativeness 

and generalizability of our results.  

Knowledge is the capacity to acquire, retain and use information; a mixture of comprehension, 

experience, discernment, and skill (Lee et al., 2021). Knowledge of poultry farmers on AMU 

and AMR was measured by using a questionnaire run by a face-to-face interview that asks about 

the principles, risks, and consequences of AMU and AMR in poultry production, human health, 

and the environment. 
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Attitude is the degree of acceptance or willingness to adopt a certain behavior or practice (Lee 

et al., 2021). The attitude of poultry farm owners/workers towards prudent AMU and AMR 

practices was measured by using a Likert scale asking them to rate their level of agreement or 

disagreement with a set of statements about rational and prudent use of antimicrobials, 

emergence and spread of AMR, and preventive measures to reduce the need for antimicrobials 

in poultry farming. 

Practice is the actual application of knowledge and attitude in real life situations (Lee et al., 

2021). The practice of poultry farm owners/workers regarding AMU and AMR was measured 

by observation and/or questioning. 

Behavior is the observable actions or responses of individuals or groups (Caudell et al., 2020). 

In our case, the behavior of poultry farm owners/workers related to AMU and AMR was 

observed by assessing the compliance or adherence of respondents to the recommended AMU 

and AMR guidelines. 

Awareness is the degree of knowledge or understanding of a certain topic or issue (knowledge 

or understanding of AMU and AMR in our case) according to Hassan et al. (2021). 

Antimicrobial use refers to the use of antimicrobials for therapeutic, preventive, or growth-

promoting purposes in poultry production systems (Geta and Kibret, 2021; Hassan et al., 2021). 

Patterns are the regularities or trends observed in the data or behavior (Oluwasile et al., 2014).  

It refers to the way antimicrobial drugs (such as antibiotics) are used within a specific context, 

including information on quantification of antimicrobial use, the timing of treatment (e.g., 

animal age and weight), and the types of antimicrobials used. Understanding the AMU pattern 

is crucial to address AMR and promote responsible use of these drugs (Kasabova et al., 2021). 

Chemoprophylaxis refers to the administration of veterinary medicinal products to healthy 

animals with the goal of preventing infection based on a recognized risk or potential 

consequences. It is typically used to prevent the occurrence of infectious diseases in individual 

animals, unlike metaphylaxis (which targets a group of animals, a mass-medication). 

The decision to use chemoprophylaxis should be made by a veterinarian, considering 

epidemiological and clinical knowledge, and documented appropriately (Baptiste and 

Pokludová, 2020). 
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3.9. Ethical Considerations 

After informing about the purpose, methods, risks, and benefits of the investigation to the 

respondents and any other concerned bodies, their willingness was obtained by written 

informed consent prior to collecting data (Appendix-1). The confidentiality of all participants 

was carefully reserved. 
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4. RESULTS 

4.1. Socio-Demographic Information of the Study Participants 

The study included participants from three eastern Ethiopian cities: Harar (33.9%), Dire Dawa 

(45.3%), and Jigjiga (20.8%). The majority of participants were male (83.02%), with the largest 

group being 36-45 years of age (42.4%). A higher proportion of participants were married 

(54.7%), and either diploma or degree holders (33.9%). Most participants operated layer farms 

(58.5%), followed by farms with both layers and broilers (24.5%). Participants primarily 

operated small-scale (54.7%) and medium-scale farms (41.5%), higher percentage with less 

than three years farming experience (48.11%). The poultry farms were categorized into small-

scale (100 to 1,000 chickens), medium-scale (1,001 to 10,000 chickens), and large-scale (above 

10,000 chickens), following the classification by Wondmeneh et al. (2017). Majority of the 

respondents were farm owners (54.7%), and those who did not depend on poultry farming as 

their primary source of income constituted comparably higher (53.8%) proportion (Table 1). 

4.2. Socio-Demographics Versus Knowledge, Attitudes and Practices 

The chi-square analysis revealed several socio-demographic factors that significantly 

influenced knowledge levels towards AMU and AMR. Conversely, location did not have a 

significant impact (p=0.905), suggesting uniform awareness across Harar, Dire Dawa, and 

Jigjiga. Gender also did not significantly affect knowledge levels (p=0.658), with only 22.2% 

of females and 27.3% of males with good knowledge. Education level was highly significant 

(p<0.001), where those with higher education levels (diploma/degree or above) had 

significantly good knowledge (61.1%). Furthermore, farm size (p=0.048) and farming 

experience (p<0.001) were also significant, with larger farms (75.0%) and those with more than 

five years of experience (77.8%) having higher knowledge levels. The role in the farm was 

critical, with health experts being predominantly of good knowledge (68.4%, p<0.001).   

The attitudes of commercial poultry farm owners and workers towards AMU and AMR were 

influenced by several socio-demographic factors, although not all showed statistical 

significance. Some socio-demographic characteristics did not significantly impact attitudes, 
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with approximately similar levels of desirable attitudes across regions, age categories, marital 

statuses, and primary income source. However, the type of farm showed a significant 

association (p=0.044), with those managing both layers and broilers displaying more desirable 

attitudes (69.2%). Farm size showed a marginally non-significant association (p=0.075), with 

larger farms having better attitudes (75.0%). Farming experience was significantly associated 

with attitudes (p<0.001), with those having more than five years of experience showing the 

highest percentage of desirable attitudes (100.0%). Educational level also had a significant 

impact on attitudes (p<0.001), with higher education correlating with more desirable attitudes 

(86.1%). Gender of study participants showed a marginally non-significant association 

(p=0.058), with male respondents having more desirable attitudes (52.3%). The role within the 

farm was significant (p=0.001), with health experts showing better attitudes (57.9%).  

The practices of study participants towards AMU and AMR were significantly influenced by 

various socio-demographic factors. To describe, location, gender, type of farm, farm size, and 

primary income source did not significantly affect practices. However, age showed a highly 

significant association with practices (p=0.001), with the 36-45 age group exhibiting better 

practices (62.2%). Marital status also significantly influenced practices (p=0.001), with married 

individuals showing higher percentages of better practices (51.7%). In the same way, education 

level had a significant impact on practices (p<0.001), with those holding a diploma or degree 

displaying better practices (97.2%). Farming experience was another critical factor (p<0.001), 

with individuals having more than five years of experience demonstrating better practices 

(70.4%). The role in the farm showed significant associations with practices (p<0.001), with 

health experts exhibiting better practices (43.6%). These findings emphasized the importance 

of targeted interventions to improve practices based on significant socio-demographic factors 

(Table 1). 



28 

 

 

 

Table 1. Socio-demographic information versus KAPs level of respondents on AMU and AMR 

Variables No.(%) 

Knowledge Attitudes Practices 

No.(%) good 

knowledge X2(P-value) 

No. (%) desirable 

attitude X2(P-value) 

No. (%) better 

practice X2(P-value) 

Location 

Harar 36 (33.9) 8 (22.2) 

3.5(0.170) 

15 (41.7) 

1.7(0.436) 

13 (36.1) 

0.2(0.922) Dire Dawa 48 (45.3) 14 (29.2) 23 (47.9) 19 (39.6) 

Jigjiga 22 (20.8) 10 (45.4) 13 (59.1) 9 (40.9) 

Gender 
Female 18(16.98) 4(22.2) 

0.65(0.419) 
5(27.8) 

3.6(0.058) 
6(33.3) 

0.3(0.609) 
Male 88(83.02) 28(31.8) 46(52.3) 35(39.8) 

Age 

category 

(years) 

17-25 18(16.9) 3(16.7) 

2.3(0.678) 

8(44.4) 

4.1(0.398) 

4(22.2) 

18.9(0.001) 

26-35 25(23.6) 7(28.0) 11(44.0) 4(16.0) 

36-45 45(42.4) 16(35.6) 25(55.6) 28(62.2) 

46-55 15(14.2) 5(33.3) 7(46.7) 4(26.7) 

56-65 3(2.8) 1(33.3) 0(0.0) 1(33.3) 

Marital 

status 

Unmarried 48(45.3) 10(20.8) 
3.6(0.056) 

22(45.8) 
0.2(0.667) 

10(18.8) 
11.8(0.001) 

Married 58(54.7) 22(37.9) 29(50.0) 31(51.7) 

Level of 

education 

No education 10(9.4) 2(20.0) 

24.9(<0.001) 

3(30.0) 

22.3(<0.001) 

2(20.0) 

79.4(<0.001) 
Primary school 30(28.3) 4(13.3) 13(43.3) 2(6.7) 

High school 30(28.3) 4(13.3) 13(43.3) 2(6.7) 

Diploma/degree 36(33.9) 22(61.1) 22(61.1) 35(97.2) 

Type of 

farm  

Layer 62(58.5) 17 (2.4) 

1.9 (0.593) 

31 (50.0) 

8.1(0.044) 

23 (37.1) 

3.7(0.294) 
Broiler 4(3.8) 0 (0.0) 0 (0.0) 0 (0.0) 

Both 26(24.5) 8 (30.8) 18 (69.2) 12 (46.2) 

Neither  14(13.2) 3 (21.4) 9 (64.3) 4 (28.6) 

Farm size 

Small-scale  58(54.7) 12 (20.7) 

6.1(0.048) 

26 (44.8) 

5.2(0.075) 

20 (34.5) 

0.5(0.780) Medium-scale 44(41.5) 13 (29.5) 29 (65.9) 17 (38.6) 

Large-scale  4(3.8) 3 (75.0) 3 (75.0) 2 (50.0) 

Farming 

experience 

(in years) 

<3 51(48.11) 3 (5.9) 

49.8(<0.001) 

17 (33.3) 

32(<0.001) 

11 (21.6) 

18.4(<0.001) 3-5 28(26.42) 4 (14.3) 14 (50.0) 9 (32.1) 

>5 27(25.4) 21 (77.8) 27 (100.0) 19 (70.4) 

Role in the 

farm 

Farm owner 58(54.7) 10(17.2) 

17.8(<0.001) 

28(48.3) 

13.6(0.001) 

13(22.4) 

27.1(<0.001) Manager 29(27.4) 9(31.0) 12(41.4) 11(37.9) 

Health expert 19(17.9) 13(68.4) 11(57.9) 17(43.6) 

1o income 

source 

No 57(53.77) 17(29.8) 
0.01(0.930) 

26(45.6) 
0.3(0.579) 

19(33.3) 
1.5(0.223) 

Yes 49(46.23) 15(30.6) 25(51.02) 22(44.9) 

   32(30.2%)  51(48.1%)  41(38.7%)  

 Note that: X2 = Chi-square, No. = number, % = percentage, 10 = primary   
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4.3. Characteristic Features within the Farms 

The distinctive characteristics within commercial poultry farms in the study areas indicated 

important viewpoints into the poultry farming scene with highest proportion (45.3% (95% CI: 

35.9-54.9%)) of farms found in Dire Dawa, followed by Harar with 34.0% (95% CI: 25.5-

43.6%) and Jigjiga with 20.8% (95% CI: 13.9-29.7%). The majority of farms (93.4%, 95% CI: 

86.6-96.8%) raised exotic breeds, while only a small fraction (6.6%, 95% CI: 3.1-13.4%) reared 

mixed breeds. Most of the farms (96.2%, 95% CI: 90.2-98.6%) were intensive, with only 3.8% 

(95% CI: 1.4-9.8%) semi-intensive systems. The source of feed also varied, with 57.6% (95% 

CI: 47.8-66.7%) of farms purchasing feed from market, 12.3% (95% CI: 7.2-20.1%) homemade 

feed, and 30.2% (95% CI: 22.1-39.7%) relying on both (homemade and market) sources.  

Prevalent diseases within the farms revealed multiple health challenges, with Coccidiosis 

affecting 21.7% (95% CI: 14.8-30.7%) of farms, Newcastle Disease (NCD) 11.3% (95% CI: 

6.5-19.0%), and Fowl typhoid 4.7% (95% CI: 1.9-11.0%). Co-infections were also common, 

with 16.0% (95% CI: 10.1-24.4%) of farms experiencing both Fowl typhoid and Coccidiosis, 

22.6% (95% CI: 15.6-31.7%) suffering from NCD and Coccidiosis, and 18.9% (95% CI: 12.4-

27.6%) facing the triple threat of NCD, Fowl typhoid, and Coccidiosis (Table 2). 

Table 2. Distinctive characteristics within poultry farms under study 

Variables No. (%) 95% CI 

Study location 

Harar 36(34.0) 25.5-43.6 

Dire Dawa 48(45.3) 35.9-54.9 

Jigjiga 22(20.8) 13.9-29.7 

Breed 
Exotic 99(93.4) 86.6-96.8 

Mixed 7(6.6) 3.1-13.4 

Housing system 
Semi-intensive 4(3.8) 1.4-9.8 

Intensive 102(96.2) 90.2-98.6 

Source of feed 

From market 61(57.6) 47.8-66.7 

Homemade 13(12.3) 7.2-20.1 

Both 32(30.2) 22.1-39.7 

Prevalent diseases 

Coccidiosis 23(21.7) 14.8-30.7 

NCD 12(11.3) 6.5-19.0 

Fowl typhoid 5(4.7) 1.9-11.0 

Fowl typhoid, Coccidiosis 17(16.0) 10.1-24.4 

NCD, and Coccidiosis 24(22.6) 15.6-31.7 

NCD, and Fowl typhoid 5(4.7) 1.9-11.0 

NCD, Fowl typhoid, Coccidiosis 20(18.9) 12.4-27.6 

Note that: No = Number, CI = Confidence interval, NCD = Newcastle Disease 
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In order to keep track of disease occurrences and patterns within the poultry farms, the current 

study also considered enquiring about disease outbreak history within the last six months of the 

survey period. It helps for early detection and intervention. In view of that, 48 (45.3%) of the 

survey respondents (18 (37.5%) Harar, 23 (47.9%) Dire Dawa, and 7 (14.6%) from Jigjiga) 

reported that their poultry farms experienced no diseases within the last six months. Newcastle 

disease was reported by 19 (17.9%) of the participants (of which, 5(26.3%) Harar, 8 (42.1%) 

Dire Dawa, and 6 (31.6%) from Jigjiga), making it the most common disease encountered. 

Correspondingly, coccidiosis was reported by 17 (16.0%) of the respondents (3 (17.6%) Harar, 

8 (47.1%) Dire Dawa, and 6 (35.3%) from Jigjiga), where fowl typhoid was relatively rare and 

affected only 6 (5.7%) of the farms (2 (33.3%) from Harar, and 4 (66.7%) from Dire Dawa). 

Anemia and cannibalism were each reported by 1 (0.9%) of the study participants from Harar, 

making them the least reported issues (Table 3).  

Table 3. Diseases encountered on farms within last six months of the study period per study areas 

Diseases occurred within the last six 

months of the study period 

Number (%) 

Harar 

Number (%) 

Dire Dawa 

Number (%) 

Jigjiga subtotal (%) 

No disease encountered 18 (37.5) 23 (47.9) 7 (14.6) 48 (45.3) 

Coccidiosis 3 (17.6) 8 (47.1) 6 (35.3) 17 (16.0) 

Newcastle disease 5 (26.3) 8 (42.1) 6 (31.6) 19 (17.9) 

Fowl typhoid 2 (33.3) 4 (66.7) 0 (0.0) 6 (5.7) 

Anemia 1 (100) 0 (0.0) 0 (0.0) 1 (0.9) 

Coccidiosis and Newcastle disease 5 (38.5) 5 (38.5) 3 (23.1) 13 (12.3) 

Anemia and Coccidiosis 1 (100) 0 (0.0) 0 (0.0) 1 (0.9) 

Anemia, Coccidiosis and Cannibalism 1 (100) 0 (0.0) 0 (0.0) 1 (0.9) 

Grand total 106 (100%) 

4.4. Antimicrobial Use within the Poultry Farms 

The study on AMU among commercial poultry farm owners and workers in the three eastern 

Ethiopian cities presented several key points. To begin with, more than half (53.8%, 95% CI: 

44.1-63.1) of respondents had used antimicrobials for dual purposes, both therapeutic and non-

therapeutic uses. Non-therapeutic use alone accounted for 29.2% (95% CI: 21.3-38.7), while 
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purely therapeutic use was relatively low at 16.9% (95% CI: 10.9-25.5), indicating a preference 

for preventive measures over treatment (Table 4). 

Regarding information sources for AMU, a significant proportion of respondents (40.6%, 95% 

CI: 31.5-50.3) rely on a combination of veterinarians and neighbors/colleagues. The reliance 

on multiple sources, including online platforms and social media, pointed out the diverse 

channels through which farmers seek information, reflecting both the accessibility of digital 

resources and the influence of community networks. The predominant use of biosecurity 

measures combined with vaccines (69.8%, 95% CI: 60.3-77.9) surpassed vaccines alone 

(30.2%, 95% CI: 22.1-39.7). 

Commonly used antimicrobials contained combinations such as tetracyclines and amprolium 

(19.8%, 95% CI: 13.2-28.6), and enrofloxacin with other drugs (18.8%, 95% CI: 12.4-27.6), 

indicating a trend of multi-drug regimens to cover a broad spectrum of pathogens. The 

frequency of AMU varies, fortunately by similar proportion, 29.25% (95% CI: 21.3-38.7) 

administering antimicrobials only once every 2-6 months, and another 29.25% (95% CI: 21.3-

38.7) using them 2-5 times per month. Barriers to changing AMU practices included limited 

availability of alternatives (42.45%, 95% CI: 33.3-52.2) and insufficient information on proper 

use (23.58%, 95% CI: 16.4-32.7), suggesting that improving access to resources and education 

could significantly affect AMU practices (Table 4).   

  



32 

 

 

 

Table 4. Proportion of antimicrobial use characteristics among respondents in the poultry farms 

Variables with categories No.(%) 95% C.I. 

Purpose of 

AMU 

Therapeutic  18(16.9) 10.9-25.5 

Non-therapeutic 31(29.2) 21.3-38.8 

Dual-purpose 57(53.8) 44.1-63.1 

Information 

sources for 

AMU 

Veterinarians 21(19.8) 13.2-28.6 

Neighbor/Colleagues 2(1.9) 0.5-7.4 

Veterinarians, Online platforms 9(8.5) 4.4-15.7 

Veterinarians, Neighbor/Colleagues 43(40.6) 31.5-50.3 

Veterinarians, Online platforms, Neighbor/Colleagues 16(15.09) 9.4-23.4 

Veterinarians, Social media, Neighbor/Colleagues 7(6.6) 3.1-13.4 

Online, Government agencies, Colleagues 1(0.9) 0.1-6.6 

Veterinarians, Government agencies, Colleagues 6(5.7) 2.5-12.2 

Vets, Research institutions 1(0.9) 0.1-6.6 

Prevention 

methods 

Biosecurity plus vaccine 74(69.8) 60.3-77.9 

Only vaccine 32(30.2) 22.1-39.7 

Commonly used 

antimicrobials 

Enrofloxacin 11(10.4) 5.8-17.9 

Tetracyclines 7(6.6) 3.1-13.4 

Tetracyclines, Amprolium 21(19.8) 13.2-28.6 

Enrofloxacin, Amprolium 10(9.4) 5.1-16.8 

Enrofloxacin, Amprolium, Sulfa 2(1.9) 0.5-7.4 

Tetracyclines, Amprolium, Sulfa 21(19.8) 13.2-28.6 

Enrofloxacin, Tetracyclines, Amprolium 20(18.8) 12.4-27.6 

Enrofloxacin, Tetracyclines, Doxycycline, Amprolium 1(0.9) 0.1-6.6 

Enrofloxacin, Tetracyclines, Amprolium, Sulfa 13(12.3) 7.2-20.1 

Frequency of 

AMU 

Only when chickens are ill 18(16.98) 10.9-25.5 

Once every 2-6 months 31(29.25) 21.3-38.7 

Once per month 26(24.53) 17.2-33.8 

2-5 times per month 31(29.25) 21.3-38.7 

Barriers to 

change AMU 

None 4(3.77) 1.4-9.8 

Low awareness about AMR 1(0.94) 0.1-6.6 

Insufficient info on proper AMU 25(23.58) 16.4-32.7 

Limited availability 9(8.49) 4.4-15.7 

Limited availability, Insufficient info on proper use 45(42.45) 33.3-52.2 

Limited availability, No alternatives to reduce AMU, 

Low awareness  
14(13.21) 

7.9-21.2 

No alternatives to reduce use, Low awareness on AMR, 

Insufficient info 

8(7.55) 3.8-14.5 

Note that: AMU = Antimicrobial use, AMR = Antimicrobial resistance, No = Number, CI =Confidence interval  
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i4.5. Respondents’ Level of Knowledge, Attitudes and Practices 

The survey results indicated that only few 32(30.2%) respondents were of good knowledge 

about AMU and AMR, whereas less than half 51(48.1%) of them were with desirable attitudes, 

and about one third 41(38.7%) demonstrated better practices (Figure 3). 

 

Figure 3. Overall percentage of KAPs level of respondents on Antimicrobial Use and Resistance 

4.5.1. Knowledge about Antimicrobial Use and Resistance  

The knowledge-based questionnaire responses from the study participants were categorized 

into two as intended for expected answers and unintended responses in case the answer is not 

what an investigator really expect from each respondent. The current survey result revealed that 

most commercial poultry owners and workers lack understanding of critical aspects of AMU 

and AMR. Although 91.5% know the correct body to prescribe antimicrobials, only 36.7% 

understand their purposes, and 32.1% recognized the effects of antimicrobial residues. 

Moreover, while 68.9% were aware of AMR consequences, only 34.9% can identify effective 

antimicrobials for specific diseases. In general, there is a significant knowledge gap that must 

be addressed to utilize antimicrobials better and mitigate resistance risks (Table 5). 
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Table 5. Questionnaire section regarding Knowledge of respondents on AMU and AMR 

Knowledge-based questions 

Responses 

Intended 

(%) 

Unintended 

(%) 

Do you understand what antimicrobials are and their purposes? 39 (36.7)  67 (63.2) 

Do you know a legally permitted body to prescribe antimicrobials? 97 (91.5) 9 (8.5) 

Do you understand what antimicrobial residues are and their effects? 34 (32.1) 72 (67.9) 

Do you know a concept of antimicrobial resistance (its consequences)? 73 (68.9) 33 (31.1) 

Can you identify specific antimicrobials effective against particular diseases? 37 (34.9) 69 (65.1) 

Do humans get affected by antimicrobials from eating poultry products? 38 (35.8) 68 (64.2) 

Is it necessary to treat entire flock when a few birds show signs of illness to 

prevent an outbreak, even if it might lead to antimicrobial resistance? 
73 (68.9) 33 (31.1) 

Can antimicrobials be used to treat any type of disease in poultry? 85 (80.2) 21 (19.8) 

Do all antimicrobials have the same healing effect on poultry diseases? 91 (85.8) 15 (14.2) 

Do you suggest that it is better to use herbal remedies as substitutes for AMs? 21 (19.8) 85 (80.2) 

Do you consider antimicrobials to be effective for treating all kinds of diseases? 68 (64.2) 38 (35.8) 

 59.6 (56.2) 46.4 (43.8) 

The mean of the expected responses in the survey questions alone may not be satisfactory to 

determine the knowledgeability of the study participants. Rather, mean scores were considered 

after which we found out the grand mean (mean of all the mean scores) and used it as a cut-off 

point. The study participants with mean scores above the grand mean were considered as with 

good knowledge while those with less or equal to the grand mean as of poor knowledge.  

The logistic regression analysis results on the knowledge of respondents towards AMU and 

AMR revealed a number of significant findings. In the univariable analysis, location did not 

significantly affect knowledge levels, as indicated by almost analogous percentages of good 

knowledge individuals in Harar (22.2%), Dire Dawa (29.2%), and Jigjiga (45.4%), suggesting 

that regional differences in knowledge dissemination might be minimal. Overall, 30.2% (95% 

CI: 22.1-39.7) of respondents with good knowledge on AMU and AMR, while 69.8% (95% CI: 

60.3-77.9) were not. Notably, respondents who understood antimicrobials were 25 times more 

likely (OR=24.7, 95% CI: 4.3-143.4, p<0.001) to be knowledgeable about AMU and AMR. On 

the contrary, those unaware of antimicrobial residues were 99% less likely to be knowledgeable 

(OR = 0.01, 95% CI: 0.003-0.048, p < 0.001). Conversely, respondents informed about AMR 

were approximately twenty-four times more likely to be knowledgeable (OR = 23.6, 95% CI: 

3.1-182.3, p = 0.002). Additionally, those familiar with disease-specific antimicrobials were 



35 

 

 

 

about thirty-five times more likely to be knowledgeable compared to those who were not (OR 

= 34.6, 95% CI: 10.8-110.7, p < 0.001). 

On the other hand, respondents who were unaware about the transmission of antimicrobial 

residues to humans were significantly less likely to be knowledgeable about AMU and AMR, 

with the odds being 97.6% lower compared to those who understood (OR = 0.024, 95% CI: 

0.01-0.08, p < 0.001). Likewise, respondents who were uninformed about the consistency of 

antimicrobials effectiveness were 69% less likely to be knowledgeable (OR=0.31, 95% CI: 0.1-

1.0, P = 0.042). Conversely, participants who understood that antimicrobials as not equally 

effective against all diseases were about four times more likely to be knowledgeable (OR=4.3, 

95% CI: 1.5-12.5, P = 0.007). 

After adjusting for other variables, respondents who understood AMs were significantly more 

likely to be knowledgeable about AMU and AMR, with the odds being approximately 25-fold 

higher (OR=24.7, 95% CI: 4.3-143.4, p < 0.001) as compared to who did not. On the contrary, 

those who were unaware of antimicrobial residues were 98% less likely to be knowledgeable 

(OR=0.02, 95% CI: 0.004-0.116, p < 0.001). Moreover, respondents who knew disease-specific 

antimicrobials were fifty-four times more likely to be knowledgeable (OR=54.3, 95% CI: 5.7-

514.8, p = 0.001). Again, respondents who were unaware about transmission ability of 

antimicrobial residues to humans was 99% less likely to be knowledgeable (OR=0.01, 95% CI: 

0.001-0.083, p < 0.001). What is more, those who did not assume the general efficacy of 

antimicrobials (64.2%) were approximately nine times more likely to be knowledgeable about 

AMU and AMR (OR = 8.79, 95% CI: 1.2-64.9, p = 0.033) (Table 6). 
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Table 6. Respondents’ knowledge about AMU and AMR analyzed by binary logistic regression 

Variable 
   

Univariable logistic regression 

analysis 

Multivariable logistic regression 

analysis 

Category 

No. (%) of 

respondents 

No. (%) of 

Knowledgeable OR (95% CI) P-value OR (95% CI) P-value 

Location 

Harar 36 (33.9) 8 (22.2) Ref* * ---  

Dire Dawa 48 (45.3) 14 (29.2) 1.4 [.3668, 2.5426] 0.475 --- --- 

Jigjiga 22 (20.8) 10 (45.4) 2.9 [.2223, 2.6303] 0.068 --- --- 

Understanding 

Antimicrobials 

No 67 (63.2) 4 (5.9) .02 [.0073, .0852] 
<0.001 

Ref* 
<0.001 

Yes 39 (36.7) 28 (71.8) Ref* 24.7 [4.2657, 143.3875] 

Know prescription 

authority 

No 9 (8.5) 3 (33.3) Ref* 
0.830 

--- 
--- 

Yes 97 (91.5) 29 (29.9) .85 [.1996, 3.6452] --- 

Know Antimicrobial 

residues 

No 72 (67.9) 4 (5.6) .01 [.0033, .0481] 
<0.001 

.02 [.0037, .1161] 
<0.001 

Yes 34 (32.1) 28 (82.4) Ref* Ref* 

Information on AMR 
No 33 (31.1) 1 (3.03) Ref* 

0.002 
Ref* 

0.399 
Yes 73 (68.9) 31 (42.5) 23.6 [3.059, 182.326] 4.44 [.13888, 141.7894] 

Know disease specific 

Antimicrobials 

No 69 (65.1) 5 (7.2) Ref* 
<0.001 

Ref* 
0.001 

Yes 37 (34.9) 27 (72.9) 34.6 [10.7916, 110.6784] 54.2 [5.7036, 514.7851] 

AM residues to humans 
No 68 (64.2) 4 (5.9) .024 [.0064, .0772] 

<0.001 
.01 [.0007, .0826] 

<0.001 
Yes 38 (35.8) 28 (73.7) Ref* Ref* 

Follow Rx protocols No 33 (31.1) 8 (24.2) Ref* 
0.372 

--- 
--- 

Yes 73 (68.9) 24 (32.9) 1.53 [.6015, 3.8948] --- 

Applicability of AMs 
Yes 21 (19.8) 8 (38.1) Ref* 

0.380 
--- 

--- 
No 85 (80.2) 24 (28.2) .64 [.2354, 1.7368] --- 

Consistency of AMs 

effectiveness 

Yes 15 (14.2) 8 (53.3) Ref* 
0.042 

Ref* 
0.799 

No 91 (85.8) 24 (26.4) .31 [.1026, .9572] .73 [.0641, 8.3038] 

Herbal drug 

alternatives 

No 85 (80.2) 22 (25.9) Ref* 
0.057 

--- 
--- 

Yes 21 (19.8) 10 (47.6) 2.6 [.9728, 6.9667] --- 

General efficacy of 

AMs 

Yes 38 (35.8) 5 (13.2) Ref* 
0.007 

Ref* 
0.033 

No 68 (64.2) 27 (39.7) 4.3 [1.5079, 12.5278] 8.79 [1.1898, 64.9563] 

Ref*=reference category, OR=Odds ratio, CI=confidence interval, Rx=treatment, AM(s)=antimicrobial(s), ---=the ones not passed univariable logistic regression 

analysis 
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4.5.2. Attitudes towards Antimicrobial Use and Resistance  

The questionnaire revealed mixed attitudes of the study participants towards AMU and AMR. 

Although 61.3% understood the importance of using the right amount of antimicrobials every 

time, only 42.4% recognized that random use leads to resistance. Additionally, while 53.8% 

knew that not completing the full course of antimicrobials leads to resistance, 73.6% believed 

that regularly adding antimicrobials to feed is necessary despite the resistance risks (Table 7). 

Table 7. Questionnaire section on Attitudes of respondents towards AMU and AMR 

Attitudes-based questions 

Responses 

Intended 

(%) 

Unintended 

(%) 

Using antimicrobials randomly leads to antimicrobial resistance. 45 (42.4) 61 (57.6) 

Not completing the full course of antimicrobials leads to resistance. 57 (53.8) 49 (46.2) 

Regularly adding antimicrobials to poultry feed is necessary to 

prevent illness, despite the risk of antimicrobial resistance. 
28 (26.4) 78 (73.6) 

Limiting the use of antimicrobials causes more harm than good. 52 (49.1) 54 (50.9) 

Using the right amount of antimicrobials every time is important. 65 (61.3) 41 (38.7) 

Antimicrobials should be stored securely and handled only by trained 

personnel. 
61 (57.6) 45 (42.4) 

Using antimicrobials before they expire is better than discarding them. 49 (46.2) 57 (53.8) 

Using herbal or medicinal alternatives to antimicrobials is preferable. 7 (6.6) 99 (93.4) 

If people knew that careless use of antimicrobials could affect future 

recovery, they would use it less. 
29 (27.4) 77 (72.6) 

 43.7(41.2) 62.3 (58.8) 

 

The logistic regression analysis results on the attitudes of poultry farm owners and workers 

towards AMU and AMR revealed several significant findings. Specifically, agreement on “the 

impact of random AMU” significantly increased the odds of having a desirable attitude towards 

AMU and AMR compared to being uncertain. In the univariable analysis, those who agreed 

were nearly four times more likely to have a desirable attitude (OR=2.32, 95% CI: 1.02-5.28, 

p=0.044), which was increased in the multivariable analysis (OR=3.94, 95% CI: 1.2-13.1, 

p=0.026), suggesting an even higher likelihood when adjusting for other variables.  

The agreement on the statement “missing a dose matters” significantly increased the odds of 

having a desirable attitude towards AMU and AMR (OR=25.9, 95% CI: 3.1-215.5, p=0.003), 
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indicating a very strong association. This effect was still more noticeable in the multivariable 

analysis comparing the disagreed ones to those who were uncertain (OR=0.01, 95% CI: 0.003-

0.502, p=0.013), underlining the critical importance of this belief. Disagreeing to regular 

addition of antimicrobials to poultry feed for disease prevention found to improve the likelihood 

of having desirable attitude (OR=4.04, 95% CI: 1.4-11.9, p=0.011). In the multivariable 

analysis, the odds of likelihood rose to about twenty-one times higher (OR=20.91, 95% CI: 3.8-

115.0, p<0.001), indicating a stronger association when other factors were considered.  

Agreeing that correct antimicrobial dosage was important significantly increased the odds of 

having a desirable attitude towards AMU and AMR (OR=5.87, 95% CI: 1.5-23.1, p=0.011) 

compared to disagreeing, indicating a very strong association. This effect was further supported 

in the multivariable analysis (OR=11.82, 95% CI: 1.8-76.7, p=0.010), highlighting the critical 

importance of this belief. Agreeing that access to antimicrobials should be controlled increased 

the odds of desirable attitudes by about five times (OR=4.71, 95% CI: 1.4-15.9, p=0.013), this 

association was found to be stronger after adjustment (OR=7.02, 95% CI: 1.4-34.0, p=0.016). 

Disagreeing with the idea “better to finish antimicrobials before expiration” considerably 

increased the odds of having desirable attitude about AMU and AMR (OR=9.79, 95% CI: 3.2-

30.1, p<0.001), indicating a very strong association, which was slightly increased in the 

multivariable analysis (OR=10.01, 95% CI: 2.6-38.4, p=0.001).  

Agreeing that “minimizing AMU for future recovery was important” significantly increased the 

odds of having a desirable attitude towards AMU and AMR (OR=9.95, 95% CI: 3.4-29.0, 

p<0.001) compared to disagreeing, indicating a strong association. This effect was even more 

pronounced in the multivariable analysis (OR=15.37, 95% CI: 4.0-59.0, p<0.001), highlighting 

the significant impact of this belief (Table 8).  
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Table 8. Attitudes of respondents on AMU and AMR analyzed using binary logistic regression 

Variable Category 
No. (%) 

respondents 

No. (%) with 

desirable attitude 

Univariable logistic regression 

analysis 

Multivariable logistic regression 

analysis 

OR [95% CI] P-value OR [95% CI] P-value 

Location 

Harar 36 (33.9) 15 (41.7) Ref* * --- --- 

Dire Dawa 48 (45.3) 23 (47.9) 1.29[.5387, 3.0793] 0.569 --- --- 

Jigjiga 22 (20.8) 13 (59.1) 2.02 [.6884, 5.9409] 0.200 --- --- 

Impact of random AMU 

Disagree  10 (9.4) 4 (40.0) 1.03[.2588, 4.1256] 0.963 3.31 [.4901, 22.3116] 0.220 

Uncertain 51 (48.1) 20 (39.2) Ref* * Ref* * 

Agree 45 (42.5) 27 (64.4) 2.32 [1.0244, 5.2766] 0.044 3.94 [1.1810, 13.1129] 0.026 

Missing a dose matters 

Disagree  13 (12.3) 1 (7.7) Ref* * .04 [.0031, .5021] 0.013 

Uncertain 36 (33.9) 11 (30.6) 5.28 [.6091, 45.7715] 0.131 Ref* * 

Agree 57 (53.8) 39 (68.4) 25.9 [3.1363, 215.5426] 0.003 3.07 [.9008, 10.4674] 0.073 

Regular addition of AMs to 

feed for prevention 

Agree  36 (34.0) 8 (22.2) Ref* * Ref* * 

Uncertain 42 (39.6) 28 (66.7) 7 [2.5384, 19.3035] <0.001 13.45 [3.6369, 49.7656] <0.001 

Disagree 28 (26.4) 15 (53.6) 4.04 [1.3698, 11.9061] 0.011 20.91 [3.8036, 115.0144] <0.001 

Restricting AMU harms 

Agree  36 (33.9) 21 (58.3) Ref* * --- --- 

Uncertain 18 (17.0) 10 (55.6) .89[.2851, 2.7964] 0.846 --- --- 

Disagree 52 (49.1) 20 (38.5) .45[.1876, 1.0621] 0.068 --- --- 

Correct antimicrobial dosage  

Disagree  14 (13.2) 3 (21.4) Ref* * Ref* * 

Uncertain 27 (25.5) 8 (29.6) 1.54 [.3375, 7.0628] 0.576 3.79 [.5462, 26.2643] 0.178 

Agree 65 (61.3) 40 (61.5) 5.87 [1.4894, 23.1085] 0.011 11.82 [1.8209, 76.6710] 0.010 

Controlling access to 

antimicrobials 

Disagree  18 (17.0) 4 (22.2) Ref* * Ref* * 

Uncertain 27 (25.5) 12 (44.4) 2.8 [.7289, 10.7547] 0.134 4.36 [.7664, 24.8282] 0.097 

Agree 61 (57.5) 35 (57.4) 4.71 [1.3888, 15.9841] 0.013 7.02 [1.4483, 34.0426] 0.016 

Finish antimicrobials before 

expiring  

Agree  31 (29.2) 5 (16.1) Ref* * Ref* * 

Uncertain 26 (24.5) 14 (53.8) 6.07 [1.7750, 20.7356] 0.004 6.43 [1.4598, 28.3503] 0.014 

Disagree 49 (46.2) 32 (65.3) 9.79 [3.1828, 30.1020] <0.001 10.01 [2.6094, 38.3876] 0.001 

Prefer herbal remedies to 

AMs 

Disagree  42 (39.6) 13 (30.9) Ref* * --- --- 

Uncertain 57 (53.8) 34 (59.6) 3.29 [1.4216, 7.6493] 0.005 --- --- 

Agree 7 (6.6) 4 (57.1) 2.97 [.5806, 15.2363] 0.191 --- --- 

Minimizing AMU for future 

recovery  

Disagree  50 (47.2) 12 (24.0) Ref* * Ref* * 

Uncertain 27 (25.5) 17 (62.9) 5.38 [1.9499, 14.8626] 0.001 5.21 [1.6230, 16.7095] 0.006 

Agree 29 (27.3) 22 (75.9) 9.95 [3.4142, 29.0110] <0.001 15.37 [4.0081, 58.9476] <0.001 
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4.5.3. Self-reported Practices Regarding Antimicrobial Use in Farms  

The self-reported practices of the respondents revealed significant gaps regarding AMU and 

AMR. Although 77.4% found it unnecessary to use antimicrobials during the brooding stage, 

only 21.7% consult a veterinarian about drug withdrawal time. Furthermore, while 74.5% check 

the validity of drugs before purchase, a mere 31.1% have personally administered 

antimicrobials to their poultry. With an overall 43.8% intended responses, there is a critical 

need for appropriate practices and education to combat resistance risks (Table 9).  

Table 9. Questionnaire section regarding Respondents’ Practices on AMU and AMR 

Practices-based questions 

Responses 

Intended (%) Unintended (%) 

Have you ever had to personally administer antimicrobials to your poultry? 33 (31.1) 73 (68.9) 

Do you find it necessary to use antimicrobials during the brooding stage of 

chicks, even if it might cause harm? 
82 (77.4) 24 (22.6) 

Before buying drugs, do you check if they are still valid for use? 79 (74.5) 27 (25.5) 

Do you use antimicrobials to promote the growth of your poultry, 

considering both the benefits and potential risks? 
43 (40.6) 63 (59.4) 

Have you ever followed advice on using antimicrobials from someone who 

is not an animal health professional? 
62 (58.5) 44 (41.5) 

Do you consult a veterinarian about the appropriate withdrawal period after 

administering antimicrobials? 
23 (21.7) 83 (78.3) 

Do you ensure there is a gap between the last antimicrobial treatment and 

the use of poultry products for consumption? 
32 (30.2) 74 (69.8) 

If there is no sign of recovery, do you increase the dosage or frequency of 

antimicrobial treatment? 
23 (21.7) 83 (78.3) 

Do you stop treatment with antimicrobials as soon as the chickens start to 

show signs of improvement? 
55 (51.9) 51 (48.1) 

Do the benefits outweigh the risks for you to consume the meat from birds 

that have been treated with antimicrobials towards the end of their life? 
43 (40.6) 63 (59.4) 

During an illness, do you switch to different antimicrobials if the initial 

ones do not seem effective? 
36 (33.9) 70 (66.1) 

 46.4 (43.8) 59.6 (56.2) 

The logistic regression analysis results on the self-reported practices of commercial poultry 

farm owners and workers towards AMU and AMR revealed several significant findings. 

Individuals who personally administered antimicrobials were found to be 44 times more likely 

to have performed better practices compared to those who did not (OR = 44, 95% CI: 11.2-

173.4, p < 0.001). This suggests that personal involvement in administering antimicrobials may 

lead to a greater sense of responsibility and adherence to best practices, even after adjusting for 
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other factors (OR=11.8, 95% CI: 1.8-77.4, p=0.010). Those who used to check the expiry date 

of antimicrobials were seven times more likely to have engaged in better practices compared to 

those who did not (OR = 6.95, 95% CI: 1.5-32.4, p = 0.014), indicating that a careful approach 

to verifying the validity of antimicrobials is independently associated with improved practices. 

Respondents who followed non-professional recommendations were sixteen times more likely 

to have performed better practices compared to those who did not (OR = 16.23, 95% CI: 5.8-

45.0, p < 0.001). The increase in odds after adjustment (OR = 28.9, 95% CI: 1.9-445.9, p = 

0.016) highlights the potential influence of other confounding factors, suggesting that non-vet 

recommendations might sometimes align with better practices when considered in the broader 

context of other variables. 

Individuals who received professional advice on antimicrobial withdrawal time were twenty 

times more likely to have engaged in better practices compared to those who did not (OR = 

19.7, 95% CI: 5.3-73.0, p < 0.001). Respondents who noted the withdrawal time were thirty-

six times more likely to have performed better practices compared to those who did not (OR = 

35.78, 95% CI: 10.1-127.2, p < 0.001). Despite the slight decrease in odds after adjustment 

(OR=30.9, 95% CI: 5.3-181.1, p<0.001), it indicated that this practice is still a significant 

predictor of better AMU. Those who adjusted the dose when there was no recovery were fifty-

three times more likely to have followed better practices compared to those who did not (OR = 

52.8, 95% CI: 6.5-427.9, p < 0.001). The significant decrease in odds after adjustment (OR=13, 

95% CI: 5.2-76.3, p=0.002) suggests that this proactive and adaptive approach to treatment is 

a strong and independent predictor, emphasizing the importance of responsiveness in 

antimicrobial management. Respondents who did not stop treatment only because the 

symptoms disappear were seventeen times more likely (OR=17.05, 95% CI: 4.8-63.6) to have 

performed better practices. The association became stronger (OR=30.9, 95% CI: 2.5- 381.9, 

p=0.007) after adjusting for other variables. Individuals who did not consume treated chicken 

products were about fifty times more likely to have performed responsible AMU practices 

(OR=50.37, 95% CI: 12.6-201.1, p<0.001). The study participants who did not switch 

antimicrobials mid-term were 99.6% less likely to have performed better practices (OR=0.004, 

95% CI: 0.0004-0.1132, p=0.001), as compared to those who did (Table 10).  
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Table 10. Self-reported practices of participants analyzed using binary logistic regression 

Variable Category 
No.(%) 

respondents 

No. (%) with 

better practice 

Univariable logistic regression Multivariable logistic regression 

OR (95% CI) P-value OR (95% CI) P-value 

Location 

Harar 36 (33.9) 13 (36.1) Ref* *   

Dire Dawa 48 (45.3) 19 (39.6) 1.16[.4747, 2.8307] 0.746 --- --- 

Jigjiga 22 (20.8) 9 (40.9) 1.22 [.4124, 3.6376] 0.715   

Personal administration of 

antimicrobials  

Not-sure/don’t know 19 (17.9) 1 (5.3) .24 [.0291, 2.0519] 0.194 .02 [.0006, .7622] 0.035 

No 54 (50.9) 10 (18.5) Ref* * Ref* * 

Yes 33 (31.1) 30 (90.9) 44 [11.1681, 173.3505] <0.001 11.83 [1.8090, 77.3621] 0.010 

AMU during brooding 

Not-sure/don’t know 15 (14.1) 3 (20.0) Ref* * Ref* * 

No 82 (77.4) 31 (37.8) 2.43 [.6356, 9.3002] 0.194 8.52 [.3785, 192.0001] 0.177 

Yes 9 (8.5) 7 (77.8) 14 [1.8619, 105.2681] 0.010 5.18 [.0311,  62.8695] 0.592 

Checking expiry date 

Not-sure/don’t know 10 (9.4) 1 (10.0) .83 [.0658, 10.5529] 0.888 .18 [.0028, 12.0047] 0.428 

No 17 (16.1) 2 (11.8) Ref* * Ref* * 

Yes 79 (74.5) 38 (48.1) 6.95 [1.4902, 32.4247] 0.014 2.58 [.2455,  27.1377] 0.430 

Antimicrobials as growth 

promoters 

Not-sure/don’t know 36 (33.9) 3 (8.3) .01 [.0021, .0612] <0.001 .05 [.0028, .8233] 0.036 

Yes 27 (25.5) 24 (88.9) Ref* * Ref* * 

No 43 (40.6) 14 (32.6) .06 [.0155, .2349] <0.001 1.82 [.1490, 22.2447] 0.639 

Non-vet recommendations 

Not-sure/don’t know 8 (7.5) 2 (25.0) 1.54 [.2746, 8.6988] 0.621 2.67 [.0818, 87.0338] 0.581 

No 62 (58.5) 11 (17.7) Ref* * Ref* * 

Yes 36 (33.9) 28 (77.8) 16.23 [5.8471, 45.035] <0.001 28.93 [1.8772, 445.8813] 0.016 

Professional advice on 

withdrawal time 

No 83 (78.3) 21 (25.3) Ref* * Ref* * 

Yes 23 (21.7) 20 (87.0) 19.68 [5.3080, 72.9842] <0.001 11.8 [.8414, 165.3439] 0.067 

Noting withdrawal time Not-sure/don’t know 19 (17.9) 4 (21.1) 1.36 [.3663, 5.0720] 0.644 7.03 [.9909, 49.8653] 0.051 

No 55 (51.9) 9 (16.4) Ref* * Ref* * 

Yes 32 (30.2) 28 (87.5) 35.78 [10.0674, 127.1486] <0.001 30.9 [5.2809, 181.0556] <0.001 

Adjust dose when no 

recovery 

Not-sure/don’t know 32 (30.2) 4 (12.5) .34 [.1024, 1.1480] 0.083 .76 [.1108, 5.2830] 0.786 

No 51 (48.1) 15 (29.4) Ref* * Ref* * 

Yes 23 (21.7) 22 (95.6) 52.8 [6.5139, 427.9846] <0.001 13 [5.1838, 76.28] 0.002 

Ceasing Rx when 

symptoms go 

Not-sure/don’t know 21 (19.8) 2 (9.5) .95 [.1441, 6.2272] 0.955 2.25 [.0974, 51.7674] 0.613 

Yes 30 (28.3) 3 (10.0) Ref* * Ref* * 

No 55 (51.9) 36 (65.4) 17.05 [4.5739, 63.5754] <0.001 30.9 [2.5048, 381.8808] 0.007 

Consumption of treated 

chicken 

Not-sure/don’t know 20 (18.9) 4 (20.0) 3.33 [.6694, 16.5978] 0.142 .13[.0074, 2.2190] 0.158 

Yes 43 (40.6) 3 (6.9) Ref* * Ref* * 

No 43 (40.6) 34 (79.1) 50.37 [12.6175, 201.0836] <0.001 .16[.0135, 1.8622] 0.143 

Switching AMs mid-

treatment 

Not-sure/don’t know 32 (30.2) 1 (3.1) .001 .0001, .0154] <0.001 .003 [.0001, .0682] <0.001 

No 38 (35.8) 5 (13.2) .004 [.0005, .0390] <0.001 .004 [.0004, .1132] 0.001 

Yes 36 (33.9) 35 (97.2) Ref* * Ref* * 
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4.6. Factors Associated with Emergence of AMR and Related Interventions  

Scenario analysis helps understand how various factors influence outcomes. The study 

identified several contributors to AMR in poultry farms, primarily due to knowledge gaps about 

AMU. Only 36.7% of farmers understood antimicrobials (OR = 24.7, p < 0.001), leading to 

improper use. This dictates education programs on antimicrobials, their usage, and emergence 

of AMR. Similarly, 67.9% of farmers were unaware of AM residues (OR = 0.02, p < 0.001), 

necessitating targeted training on drug residue impacts. Furthermore, 65.1% of the respondents 

did not know disease-specific antimicrobials (OR = 54.2, p < 0.001), paving a way to boost 

possibilities of occurrence of AMR. Moreover, 64.2% did not know that AM residues could 

affect humans (OR = 0.01, p < 0.001), requiring awareness programs. Again, 35.8% of the study 

participants reported that antimicrobials to be effective for treating all kinds of diseases (OR = 

8.79, p = 0.033), highlighting the need for education on disease-specific antimicrobials and 

misconceptions about that (Figure 4). 

In addition, attitudes towards AMU significantly contributed to AMR emergence. Only less 

than half of respondents (42.5%) agreed to the impact of random AMU (OR = 3.94, p = 0.026), 

underscoring the need for educational initiatives. Ordinarily, 12.3% did not accept the idea that 

missing doses matters (OR = 0.04, p = 0.013), emphasizing the completion of prescribed 

treatments. While 39.6% were uncertain about preventive AMU (OR = 13.45, p < 0.001), 26.4% 

did not abide with its benefits (OR = 20.9, p < 0.001), noticing the potential risk of using 

antimicrobials for prevention purpose. Agreeing (61.3%) to the use of correct antimicrobial 

dosage (OR = 11.82, p = 0.010) boosted the odds of being with desirable attitudes as compared 

to those who disagreed (13.2%) and uncertain (25.5%), suggesting a vitality of education 

regarding dosage accuracy. More than half (57.5%) of the respondents agreed that controlling 

access to antimicrobials is beneficial (OR=7.02, p=0.016), suggesting a strict prescription-only 

policies to ensure responsible AMU and reduce misuse. Only 46.2% of the respondents 

recognized the negative effect of finishing all AMs before expiration (OR=10.01, p=0.001), 

necessitating educational initiatives to clarify the risks associated with unnecessarily finishing 

antimicrobials rather than safely discarding them. Moreover, only 27.4% of respondents agreed 

to the benefit of minimizing AMU (OR=15.37, p<0.001), emphasizing the critical role of 

reduced AMU in combating AMR (Figure 4).  
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 In the same way, practices toward the usage of antimicrobials also found to influence 

emergence of AMR. In detail, 31.1% administered antimicrobials themselves (OR=0.02, 95% 

CI: 0.001–0.762, p=0.035), personally administering antimicrobials assist better practices that 

mitigate AMR risk. 33.9% were unsure (did not know) about usage, while 25.5% actively use 

them as growth promoters (OR=0.05, 95% CI: 0.003–0.823, p=0.036), indicating that 

uncertainty or lack of awareness about using antimicrobials as growth promoters is significantly 

associated a risky behavior linked with AMR. 33.9% rely on non-veterinarian advice 

(OR=28.93, 95% CI: 1.9–445.9, p=0.016). Dependence on non-veterinarian recommendations 

significantly increased the likelihood of poor practices that promote AMR, emphasizing the 

importance of consulting veterinary professionals. 30.2% note withdrawal times (OR=30.9, 

95% CI: 5.3–181.1, p<0.001), indicating that those who adopted this practice were less likely 

to contribute to AMR emergence. Only 21.7% used to adjust dosages (OR=13, 95% CI: 5.2–

76.3, p=0.002), underscoring the risks of unsupervised dosing adjustments. 51.9% did not cease 

treatment early (OR=30.9, 95% CI: 2.5–381.9, p=0.007), highlighting the importance of 

completing prescribed treatment courses. 33.9% switch antimicrobials (OR=0.003, 95% CI: 

0.0001–0.0682, p<0.001), reinforcing the need for consistent treatment under proper 

supervision (Figure 4). 
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Figure 4. Scenario analysis indicating associated factors to emergence of AMR and equitable interventions 

  

Contributing factors

Knowledge factors
i) Understanding of AMs & its usage

ii) Awareness about AMresidues

iii) Knowing disease-specific AMs

iv)  Info on transmission of 
AMresidues

v) General efficacy of AM

Attitude factors
i) Impact of random AMU

ii) Not completing full course of Rx

iii) Regular addition of AMs to feed

iv) Controlloing access to AMs

v) Minimizing AMU

vi) Benefit of correct AM dosage

vii) Finishing all AMs before 
expiring  

Practice factors
i) Personally adminster AMs

ii) Reliance on non-vet advice

iii) Noting withdrawal times

iv) Ceasing Rx when symptoms go

v) Switching AMs mid-term

vi) Use AMs as growth promoters

vii) Adjusting dose when no recovery

Details from results

i) Limited understanding of AMs (36.7%), leading to misuse (OR=24.7, p<0.001).

ii) Lack of awareness about AMresidues (67.9%), improper practices (OR=0.02, 
p<0.001).

iii) Inability to identify disease-specific AMs (65.1%), leading to incorrect Rx 
(OR=54.2, p<0.001). 

iv. Unawareness on residues to humans (64.2%), risky practices (OR = 0.01, p < 0.001).

v) Misconception that AMs are effective for all diseases (35.8%), leads to misuse 
(OR = 8.79, p = 0.033). 

i) Random AMU by those unaware of associated risks (42.5%), promoting AMR (OR=3.94, 
p=0.026). 

ii) Disregard for completing prescribed doses (12.3%), allowing resistant strains to survive (OR 
= 0.04, p = 0.013). 

iii) Uncertainty (39.6%) and noncompliance (26.4%) with preventive AMU benefits, increasing 
resistance risks (OR = 13.45 and OR = 20.9, p < 0.001, respectively). 

iv) Poor attitude on controlling access to AMs (57.5%), resulting in misuse (OR = 7.02, p = 
0.016). 

v) Reluctance to minimize AMU (27.4%), prolonging AMR emergence (OR = 15.37, p < 
0.001). 

vi) Lack of agreement on accurate antimicrobial dosage (38.7%), highlighting the risk of 
inappropriate use (OR = 11.82, p = 0.010).

vii) Misunderstanding about the negative effects of finishing antimicrobials unnecessarily 
(53.8%), promoting unsafe practices (OR = 10.01, p = 0.001). 

i) Self-administration of AMs (31.1%), often leading to improper usage (OR = 0.02, p = 0.035). 

ii) Reliance on non-vet advice (33.9%), fostering inappropriate use (OR = 28.93, p = 0.016). 

iii) Failure to note withdrawal times (69.8%), increasing exposure to residues (OR=30.9, p < 
0.001). 

iv) Inconsistent completion of Rx courses (48.1%), escalating resistance (OR = 30.9, p = 0.007). 

v) Switching AMs without supervision (33.9%), creating resistant strains (OR = 0.003, p < 0.001). 

vi) Use of antimicrobials as growth promoters (25.5%), linked to resistance (OR = 0.05, p = 0.036). 

vii) Unsupervised dosage adjustments (21.7%), increasing the risk of resistance (OR = 13, p = 
0.002). 

Necessary interventions

i) Education on AMs and their usage.

ii) Training on AM residues and their 
impact. 

iii) Awareness programs on disease-
specific AMs and AMR.

iv) Correct misconceptions on AM 
effectiveness.  

i) Education initiatives on random AMU

ii) Encourage completing full Rx courses.

iii) Awareness on proper dosage and 
restriction policies.

iv) Highlight benefits of minimizing AMU.

i) Training on responsible AM administration. 

ii) Encourage veterinary consultation. 

iii) Educate on importance of withdrawal times.

iv) Awareness on completing prescribed 
treatments. 

v) Discourage use of antimicrobials as growth 
promoters.
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4.7. Associations among KAPs Level of Study Participants 

The analysis of the Spearman’s rank-order correlation between the mean scores of knowledge, 

attitudes, and practices among commercial poultry farm owners/workers revealed significant 

results. The correlation coefficient between the mean scores of knowledge and attitudes was found 

to be 0.3278, indicating a moderate positive association. This suggests that as knowledge about 

AMU and AMR increases, attitudes towards these issues also tend to improve. The p-value of 

0.0006 confirms the statistical significance of this relationship. Similarly, the correlation between 

mean scores of knowledge and practices was 0.4300, which also indicates a moderate positive 

association. This implies that higher levels of knowledge are associated with better practices, and 

the extremely significant p-value of <0.0001 further supports this correspondence. Additionally, 

Spearman’s correlation coefficient between mean scores of attitudes and practices was 0.2278, 

indicating weak positive association. This implies that positive attitudes towards AMU and AMR 

are linked to better practices to some extent, with a more significant p-value of 0.0189. Overall, 

these results demonstrate that enhancing knowledge and attitudes is crucial for improving practices 

related to AMU and AMR among commercial poultry farm owners and workers (Table 11). 

Table 11. Spearman’s rank-order correlation between mean scores of the respondents’ knowledge, attitudes 

and practices 

Serial No. Variables in Association 

Spearman’s rho 

(s) Remarks P-value 

1. Knowledge versus Attitudes 0.3278 Moderate positive association 0.0006 

2. Knowledge versus Practices 0.4300 Moderate positive association <0.0001 

3. Attitudes versus Practices 0.2278 Weak positive association 0.0189 

Note that: s ranges from -1 to +1; s=-1 (perfect negative correlation), s =0(no association), s=1(perfect positive 

correlation), 0 <s< 0.3 implies weak positive correlation, 0.3  s< 0.5 implies moderate positive correlation,0.5 s<1 

implies strong positive correlation. 
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5. DISCUSSION 

This section integrates the critical links between knowledge, attitudes, and practices (KAPs) 

regarding AMU and AMR among commercial poultry farm owners and workers in eastern 

Ethiopia. Incorporating the findings within socio-demographic factors and AMU patterns, the 

current study underscored key gaps and challenges, dictating the need for targeted interventions 

and sustainable practices to mitigate the risks of AMR in this region and beyond. Subsequently, 

the current study, involving 106 participants from commercial poultry farms in Dire Dawa, Harar, 

and Jigjiga, eastern Ethiopia, revealed that 30.2% (95% CI: 22.1%-39.7%) were with good 

knowledge, 48.1% (95% CI: 38.6%-57.7%) had desirable attitudes, and 38.7% (95% CI: 29.8%-

48.4%) demonstrated better practices. These results were comparable to the study by Geta and 

Kibret (2021), where 52.5% of animal farm owners/workers had positive attitudes towards AMU 

and AMR, 50.5% had good knowledge, and 52.75% demonstrated poor practices. Younger 

individuals (below 25) exhibited slightly similar knowledge level (16.7%) with the 15% reported 

by Hassan et al. (2021) and that 10% by Al Sattar et al. (2023). Among those aged 36-45, 

knowledge levels (35.6%) were slightly lower than those reported by Al Sattar et al. (45%) and 

Hassan et al. (50%). Married individuals exhibited higher knowledge (37.9%) and better practices 

(51.7%) compared to unmarried respondents (20.8% and 18.8%, respectively), possibly due to 

greater responsibilities among married individuals. Conversely, Oloso et al. (2022) found that, 

married individuals (35.9%) were less knowledgeable than unmarried (57.7%) and separated ones 

(81.8%), likely due to varying educational opportunities.  

Higher education levels were positively correlated with better KAPs, as evidenced by 61.1% 

demonstrated better knowledge (X²=24.9, p<0.001), 86.1% desirable attitudes (X² = 22.3, p < 

0.001), and 97.2% better practices (X²=79.4, p<0.001), where X² indicates a Chi-square. Likewise, 

Hossain et al. (2022) found that graduate-level respondents exhibited adequate knowledge (85%), 

positive attitudes (70%), and good practices (50%). Additionally, animal health experts displayed 

satisfactory knowledge (68.4%), attitudes (57.9%), and practices (43.6%), aligning with Geta and 

Kibret (2021), who found that individuals with specialized roles or training in health-related fields 

tend to have better KAPs towards AMU and AMR. Respondents for whom poultry farming was a 

primary source of income had a marginally better knowledge (30.6%) and practices (44.9%) 

compared to those for whom it was not (29.8% and 33.3%) in consistent with Al Sattar et al. 
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(2023), who found that dependency on farming as a primary income source improved AMU and 

AMR practices. Regarding farm types, layer farms accounted for 58.5% (95% CI: 48.8-67.7%) 

and mixed-type farms (layer and broiler) for 24.5% (95% CI: 17.2-33.8%), with the latter showing 

better practices (50%), good knowledge (30.5%), and desirable attitudes (58.8%). Al Sattar et al. 

(2023) also observed that mixed-type farms demonstrated better KAPs due to diversified 

management. Participants rearing exotic breeds (93.4%) showed 30.3% knowledge, 50.5% 

desirable attitudes, and 38.4% better practices, while those rearing mixed breeds had 28.6% 

knowledge, 14.3% desirable attitudes, and 42.9% better practices, likely due to diverse 

management practices. In the same proportion, Shahi and Jeamsripong (2024) noted that while 

exotic breeds are more common, they may not always exhibit better practices without proper 

management. Individuals practicing intensive housing (96.2%) showed 30.4% knowledge, 50% 

positive attitudes, and 38.2% improved practices. In contrast, semi-intensive systems (3.8%) had 

25.0% knowledge and 75.0% positive attitudes towards AMU and AMR. Likewise, Hassan et al. 

(2021) suggested that intensive systems generally have better KAPs due to structured management. 

Respondents with less than 3 years of farming experience had lower knowledge (9.8%), positive 

attitudes (37.2%), and better practices (23.5%), compared to those with over 5 years of experience 

who demonstrated higher knowledge (77.8%, p<0.001), positive attitudes (66.7%, p<0.001), and 

better practices (74.1%, p<0.001), indicating that experience enhances KAPs. Additionally, 

respondents using market-sourced feed had better KAPs compared to those using homemade feed, 

aligning with Mulchandani et al. (2023). Farms reporting only coccidiosis had lower KAPs 

compared to those encountering NCD, suggesting that disease prevalence impacts KAPs, as noted 

by Shahi and Jeamsripong (2024). Purely therapeutic AMU was relatively low at 16.9% (95% CI: 

10.9-25.5), possibly indicating a preference for preventive measures, aligning with Adebowale et 

al. (2016) in Nigeria with 15% (95% CI: 8-22). Additionally, 29.2% (95% CI: 21.3-38.7) used 

antimicrobials non-therapeutically, about half of the pooled estimate (61%, 95% CI: 42-80). Most 

respondents (53.8%, 95% CI: 44.1-63.1) used antimicrobials for dual purposes, reflecting a 

broader trend in developing countries.  

Moreover, 19.8% (95% CI: 13.2-28.6) of respondents relied only on animal health professionals 

for information, nearly half of the 39% (95% CI: 27-50) reported by Gebeyehu et al. (2021). 

Conversely, only 1.9% (95% CI: 0.5-7.4) relied on peers (farm owners/workers) for AMU 
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information, much lower than findings from Nigeria (19%; 95% CI: 12-26) by Al-Mustapha et al. 

(2020) and Kenya (8%; 95% CI: 4-13) by Ndukui et al. (2021). The majority (69.8%; 95% CI: 

60.3-77.9) used biosecurity measures plus vaccines, aligning with Ndahi et al. (2023) that ranged 

from 22% to 96%, emphasizing vaccination and biosecurity in AMU reduction. In contrast, 30.2% 

relied solely on vaccines, aligning with Hedman et al. (2020) highlighting the need for 

comprehensive biosecurity measures. 

Enrofloxacin and tetracyclines were the most commonly used drugs, aligning with Nhung et al. 

(2017) on their widespread use and high resistance levels among poultry pathogens, underscoring 

the need for harmonized testing and improved treatment guidelines for AMR. Respondents 

reported 17% (95% CI: 10.9-25.5) used antimicrobials only when chickens were sick, much lower 

than the 65% (95% CI: 50-80) reported by Al Sattar et al. (2023). Regular use (2-5 times per 

month) was reported by 29.25% of participants, reflecting a higher frequency than the USPEA 

(2022)) report of 1-2 times per month in U.S. poultry production. Additionally, 42.45% (95% CI: 

33.3-52.2) reported significant barriers like limited availability and insufficient information, 

consistent with USPEA (2022) findings.  

Adjusted logistic regression analysis showed 71.8% of respodents who understood antimicrobials 

were twenty-five times more likely to be knowledgeable about AMU and AMR (95% CI: 1.5-

441.2, p<0.001), much higher than Chah et al. (2022) in Enugu State, Nigeria (48%) and aligned 

with the pooled estimate (76%) by Kosiyaporn et al. (2020). Awareness of antimicrobial residues 

was also influential, with 67.9% not knowing what they are (OR=0.02, 95% CI: 0.0037-0.1161, 

p<0.001) and 64.2% of them did not know whether or not antimicrobials residue be transmitted to 

humans (OR=0.01, 95% CI: 0.001-0.083, p<0.001). Salam et al. (2023) reported very low 

awareness of the drug withdrawal period (17%) and about drug residues (5%). After adjustment, 

information on AMR did not significantly affect knowledge, suggesting that access to information 

alone is insufficient without proper education and context, conforming to Hedman et al. (2020). 

Understanding disease-specific antimicrobials significantly increased knowledge (OR=54.3, 95% 

CI: 5.7-514.8, p = 0.001). on the contrary, Hassan et al. (2021) noted that familiarity with disease-

specific antimicrobials improved knowledge about AMU and AMR, but was not strong enough to 

suggest that familiarity alone was sufficient, emphasizing the need for focused instructive 

programs on the appropriate AMU. Awareness of herbal alternatives (19.8%) was a marginally 
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non-significant factor in determining knowledge towards AMU and AMR (OR = 2.6, 95% CI: 1.0-

7.0, p = 0.057), contrasting with Hassan et al. (2021), where 71.7% thought herbal drugs could be 

used as alternatives to antimicrobials, demanding a more targeted education to improve 

understanding and use of both herbal and conventional antimicrobials. 

Participants who agreed that "using antimicrobials randomly leads to antimicrobial resistance" had 

a significantly higher likelihood (64.4%) of desirable attitudes (OR=3.94, 95% CI: 1.2-13.1, 

p=0.026), similar to Islam et al. (2022). Those individuals who disagreed to the statement "not 

giving the full course of antimicrobials leads to resistance" were 96% less likely to have desirable 

attitudes towards AMU and AMR (7.7%, OR=0.04, 95% CI: 0.003-0.502, p=0.013), aligning with 

Hinchliffe et al. (2024). Those who disagreed to "regular addition of antimicrobials to poultry feed 

for prevention purpose" had higher desirable attitudes (53.6%, OR=20.91, 95% CI: 3.8-115.0, 

p<0.001), aligned with Shahi and Jeamsripong (2024) in Nepal. Agreement on "using the right 

amount of antimicrobials" also increased desirable attitudes (61.5%, OR=11.82, 95% CI: 1.8-76.6, 

p=0.010), comparable to Gray et al. (2021). Staying uncertain and disagreeing about finishing 

antimicrobials before expiration increased desirable attitudes by 53.8% (OR=6.43, 95% CI: 1.5-

28.4, p=0.014) and 65.3% (OR=10.01, 95% CI: 2.6-38.4, p=0.001) respectively, highlighting the 

need for broader instructional campaigns (Adeyonu et al., 2021; Banjoko et al., 2015; Ebong, 

2023). Additionally, those who agreed to use fewer antimicrobials if careless use could affect 

future recovery had a higher likelihood (75.9%) of desirable attitudes (OR=15.37, 95% CI: 4.01-

58.95, p<0.001), supported by studies in Bangladesh and Nepal (Hassan et al., 2021; Shahi and 

Jeamsripong, 2024).  

Individuals who personally administered antimicrobials had a significantly higher likelihood 

(90.9%) of better practices compared to those who did not (OR=11.83, p=0.010). Similar trends 

were observed in the Amhara region, where 96.7% of them used to administer without veterinary 

guidance (Geta and Kibret, 2021), indicating a widespread practice of self-administration which 

leads to misuse and resistance. Respondents who used antimicrobials as growth promoters (25.5%) 

also had a higher likelihood (88.9%) of better practices, aligned with a pooled estimate by Al Sattar 

et al. (2023) where 29% of poultry farmers used antimicrobials to boost growth, a common but 

controversial practice due to its contribution to drug resistance. Individuals who followed other 

than veterinary advice showed higher likelihood (77.8%) of performing better practices 
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(OR=28.93, 95% CI: 1.9-445.9, p=0.016), in line with previous studies in Bangladesh and Kenya 

found that individuals who received advice from colleaggues or local community were more likely 

to adopt responsible AMU compared to those who relied solely on veterinarians (Al Sattar et al., 

2023; IPC, 2019), emphasizing the influence of non-professional advice.  

Of the 30.2% individuals, who ensured a gap between last antimicrobial treatment and poultry 

product consumption, 87.5% had a higher likelihood of performing better practices (OR=30.9, 

95% CI: 5.3-181.1, p<0.001). However, awareness and practice of withdrawal periods were 

inadequate in countries like Nepal with 14% compliance (Poudel et al., 2024) and Kenya shorter 

than recommended periods (Rware et al., 2024). Those who adjusted dosage or frequency of 

antimicrobials (21.7%) as needed had a higher likelihood (95.6%) of performing better practices 

(OR=13, 95% CI: 5.2-76.3, p=0.002). Quite the reverse, Odey et al. (2024) noted that adjusting 

dosages without proper guidance often leads to under- or over-dosing, contributing to resistance. 

Participants who did not switch antimicrobials when initial ones were ineffective had a lower 

likelihood (13.2%) of performing better practices (OR=0.004, 95% CI: 0.0004-0.1132, p=0.001). 

Gjini et al. (2020) and Tamma et al. (2023) highlighted that while switching can be beneficial, it 

must be managed carefully to avoid resistance. Abreu et al. (2023) also emphasized that switching 

often leads to resistant strains, making future treatments more challenging. 

A moderate positive association (𝜌s=0.3278) existed between knowledge and attitude, indicating 

that increased knowledge about AMU leads to more positive attitudes towards responsible use and 

AMR awareness, consistent with Geta and Kibret (2021) in the Amhara region, reporting a slightly 

moderate correlation, and weaker than Hassan et al. (2021) in Bangladesh (strong positive 

association), where attitudes towards AMU and AMR be well improved by educational 

interventions. Likewise, a correlation coefficient (𝜌s=0.4300) between knowledge and practices 

indicated that good knowledge on AMU and AMR leads to appropriate practices, also in liine with 

Hassan et al. (2021), indicating the use of knowledge in promoting responsible practices. 

Furthermore, a weak positive correlation (s=0.2278) between attitudes and practices emphasized 

the importance of positive attitudes for optimal practices, slightly aligned with the study among 

poultry drug and feed sellers in Ethiopia (Geta and Kibret, 2021), indicating that raising positive 

attitudes likely leads to improved AMU practices. 
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7. LIMITATIONS OF THE STUDY 

This study provided an all-encompassing survey of 106 poultry farms, offering valuable local 

insights. However, the reliance on self-reported data may limit generalizability. The focus on 

specific cities in eastern Ethiopia may also affect applicability to other regions. Therefore, future 

research should utilize a variety of precise data collection techniques incorporating appropriate 

study designs in order to promote both accuracy and comprehensiveness.  
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8. CONCLUSION AND RECOMMENDATIONS 

The current study has revealed significant gaps and influencing factors contributing to AMR. 

While participants demonstrated a basic understanding of antimicrobials, there is an urgent need 

for comprehensive education on AMR mechanisms and consequences. The study showed that 

socio-demographic factors, including marital status, education level, farming experience, and role 

in the farm, significantly influenced KAPs towards AMU and AMR. Notably, respondents with 

higher education levels, and more farming experience exhibited better knowledge, attitudes, and 

practices. Yet overall, only few respondents had good knowledge, with desirable attitudes, and 

demonstrated better practices regarding AMU and AMR. Practices were particularly enhanced 

among individuals aged 36-45 and married participants, where poultry health experts displayed 

good knowledge, positive attitudes, and practices in comparison to respondents with other roles in 

the farms. Despite these findings, which emphasize the necessity for targeted interventions to 

improve knowledge, foster positive attitudes, and promote appropriate practices towards AMU, 

addressing the gaps through comprehensive educational efforts and systemic improvements is 

needed to curb the rise of AMR in this region and beyond.  

Based on the above conclusion, therefore, the following recommendations are forwarded: 

 Comprehensive educational campaign has to be set to improve knowledge on AMU and AMR. 

 Veterinary guidance should be promoted to prevent misuse and resistance of antimicrobials. 

 Mentorship programs need to be made for experienced farmers to guide less experienced ones. 

 Access to reliable information and resources on AMU and AMR has to be facilitated. 

 Regular regional and national AMR surveillance programs should be established to monitor 

and address the evolving trends in AMR. 

 Systems for regular monitoring and feedback have to be formulated to track changes in KAPs. 

  



54 

 

 

 

9. REFERENCES 

Abdulbari Ismael, Adem Abdella, Shihun Shimelis, Asamenew Tesfaye, and Yimer Muktar, 2021. 

Assessment of Biosecurity Status in Commercial Chicken Farms Found in Bishoftu Town, 

Oromia Regional State, Ethiopia. Veterinary Medicine International, 2021(1), 5591932.  

Adebowale, O. O., Adeyemo, O. K., Awoyomi, O., Dada, R., and Adebowale, O., 2016. Antibiotic 

use and practices in commercial poultry laying hens in Ogun State Nigeria. Revue d’élevage 

et de Médecine Vétérinaire Des Pays Tropicaux, 69(1): 41–45.  

Adeyonu, A. G., Otunaiya, A. O., Oyawoye, E. O., and Okeniyi, F. A., 2021. Risk perceptions and 

risk management strategies among poultry farmers in south-west Nigeria. Cogent Social 

Sciences, 7(1): 1–14.  

Agyare, C., Etsiapa Boamah, V., Ngofi Zumbi, C., and Boateng Osei, F., 2019. Antibiotic Use in 

Poultry Production and Its Effects on Bacterial Resistance. In Antimicrobial Resistance - A 

Global Threat, 11:13.  

Al-Mustapha, A. I., Adetunji, V. O., and Heikinheimo, A., 2020. Risk perceptions of antibiotic 

usage and resistance: a cross-sectional survey of poultry farmers in Kwara State, Nigeria. 

Antibiotics, 9(7): 1–10.  

Al-Suqri, M. N., and Al-Kharusi, R. M., 2015. Ajzen and Fishbein’s Theory of Reasoned Action 

(TRA) (1980). Information Seeking Behavior and Technology Adoption: Theories and 

Trends, 1980: 188–204.  

Al Sattar, A., Chisty, N. N., Irin, N., Uddin, M. H., Hasib, F. M. Y., and Hoque, M. A., 2023. 

Knowledge and practice of antimicrobial usage and resistance among poultry farmers: A 

systematic review, meta-analysis, and meta-regression. Veterinary Research 

Communications, 47(3): 1047–1066. 

Alemayehu Guteta, 2021. Dynamics of Poultry Production System, Constraints, Opportunities and 

Marketing in Ethiopia. Journal of Marketing and Consumer Research, 77(April).  

Alhaji, N. B., Haruna, A. E., Muhammad, B., Lawan, M. K., and Isola, T. O., 2018. Antimicrobials 

usage assessments in commercial poultry and local birds in North-central Nigeria: Associated 

pathways and factors for resistance emergence and spread. Preventive Veterinary Medicine, 

154: 139–147.  

Anwar, M. N., Aslam, R., Arshad, M. I., Nawaz, Z., Umar, M., Khan, Z., and Ali, M., 2023. 

Antimicrobial Residues and Food of Animal Origin. International Journal of Agriculture and 

Biosciences, 2: 1–7. 

Banjoko, I., Falola, A., Babatunde, F., and Atolagbe, R., 2015. Assessment of Risks and 

Uncertainties in Poultry Farming in Kwara State, Nigeria. Science, Technology and Arts 

Research Journal, 3(4): 64.  

Baptiste, K. E., and Pokludová, L., 2020. Mass Medications: Prophylaxis and Metaphylaxis, 

Cascade and Off-label Use, Treatment Guidelines and Antimicrobial Stewardship. 

Antimicrobials in Livestock 1: Regulation, Science, Practice: A European Perspective, 167–

193. 

Betelhem Dagnew, Haile Alemayehu, Girmay Medhin, and Tadesse Eguale, 2020. Prevalence and 

antimicrobial susceptibility of Salmonella in poultry farms and in-contact humans in Adama 

and Modjo towns, Ethiopia. MicrobiologyOpen, 9(8): 1–9. 

Biruk Alemu Gemeda, Kebede Amenu, Magnusson, U., Dohoo, I., Hallenberg, G. S., Gezahegn 

Alemayehu, Hiwot Desta, and Wieland, B., 2020. Antimicrobial Use in Extensive 



55 

 

 

 

Smallholder Livestock Farming Systems in Ethiopia: Knowledge, Attitudes, and Practices of 

Livestock Keepers. Frontiers in Veterinary Science, 7: 1–15.  

Bradstock, A., Hovland, I., Altshul, H., Crafter, S., Irwin, B., Kaberia, B., Odhiambo, G., 

Temesgen, Z., and Sultan, J., 2007. From Grassroots to Government. The IDB Extra (Inter-

American Development Bank). 

Calik, A., Omara, I. I., White, M. B., Evans, N. P., Karnezos, T. P., and Dalloul, R. A., 2019. 

Dietary non-drug feed additive as an alternative for antibiotic growth promoters for broilers 

during a necrotic enteritis challenge. Microorganisms, 7(8): 257.  

Castanon, J. I. R., 2007. History of the use of antibiotic as growth promoters in European poultry 

feeds. Poultry Science, 86(11): 2466–2471.  

Caudell, M. A., Dorado-Garcia, A., Eckford, S., Creese, C., Byarugaba, D. K., Afakye, K., Chansa-

Kabali, T., Fasina, F. O., Kabali, E., Kiambi, S., Kimani, T., Mainda, G., Mangesho, P. E., 

Chimpangu, F., Dube, K., Kikimoto, B. B., Koka, E., Mugara, T., Rubegwa, B., and Swiswa, 

S., 2020. Towards a bottom-up understanding of antimicrobial use and resistance on the farm: 

A knowledge, attitudes, and practices survey across livestock systems in five African 

countries. PLOS ONE, 15(1): e0220274.  

Caudell, M. A., Kiambi, S., Afakye, K., Koka, E., Kabali, E., Kimani, T., and Dorado-Garcia, A., 

2022. Social-technical interventions to reduce antimicrobial resistance in agriculture: 

evidence from poultry Farmer Field Schools in Ghana and Kenya. JAC-Antimicrobial 

Resistance, 4(1): 1–9. 

Central Statistical Agency (CSA), 2022. Federal Democratic Republic of Ethiopia Central 

Statistical Authority Agricultural Sample Survey Report on Livestock and Livestock 

Characterstics. In Statistical Bulletin, II (March). 

Central Statistical Agency (CSA), 2023. Population Size by Sex , Region , Zone and Wereda : July 

2023. In Central Statistical Agency (July).  

Chah, J. M., Nwankwo, S. C., Uddin, I. O., and Chah, K. F., 2022. Knowledge and practices 

regarding antibiotic use among small-scale poultry farmers in Enugu State, Nigeria. Heliyon, 

8(4): e09342.  

Chilawa, S., Mudenda, S., Daka, V., Chileshe, M., Matafwali, S., Chabalenge, B., Mpundu, P., 

Mufwambi, W., Mohamed, S., and Mfune, R. L., 2023. Knowledge, Attitudes, and Practices 

of Poultry Farmers on Antimicrobial Use and Resistance in Kitwe, Zambia: Implications on 

Antimicrobial Stewardship. Open Journal of Animal Sciences, 13(01): 60–81.  

Choy, C. Y., and Hsu, L. Y., 2017. World Antibiotic Awareness Week. 46(11). 

Collignon, P. J., and McEwen, S. A., 2019. One health-its importance in helping to better control 

antimicrobial resistance. Tropical Medicine and Infectious Disease, 4(1).   

Daniel Teshome Gebeyehu, Demisew Bekele, Belay Mulate, Getachew Gugsa, and Tarekegn 

Tintagu, 2021. Knowledge, attitude and practice of animal producers towards antimicrobial 

use and antimicrobial resistance in Oromia zone, north eastern Ethiopia. PLoS ONE, 16: 

e0251596.  

Dereje Tsegaye, Berhanu Tamir, and Getachew Gebru, 2023. Assessment of Biosecurity Practices 

and Its Status in Small- and Medium-Scale Commercial Poultry Farms in Arsi and East 

Showa Zones, Oromia, Ethiopia. Poultry, 2(2): 334–348.  

Dhama, K., Tiwari, R., Khan, R. U., Chakraborty, S., Gopi, M., Karthik, K., Saminathan, M., 

Desingu, P. A., and Sunkara, L. T., 2014. Growth promoters and novel feed additives 

improving poultry production and health, bioactive principles and beneficial applications: 

The trends and advances-a review. International Journal of Pharmacology, 10(3), 129–159.  



56 

 

 

 

Diarra, M. S., and Malouin, F., 2014. Antibiotics in Canadian poultry productions and anticipated 

alternatives. Frontiers in Microbiology, 5:1–15.  

Ebong, B., 2023. Analysis of Risk Management in Poultry Production Enterprises in Analysis of 

Risk Management in Poultry, 23(2). 

Emes, E., Faye, A., Naylor, N., Dagim Belay, Ngom, B., Fall, A. G., Knight, G., and Dione, M., 

2023. Drivers of Antibiotic Use in Semi-Intensive Poultry Farms: Evidence from a Survey in 

Senegal. Antibiotics, 12(3). 

Environmental Systems Research Institute (ESRI), 2024. Study Area Map at 1:250,000 Scale. 

[basemap]. Scale 1:250,000. Available at: https://www.esri.com/study-area-map. Retrieved 5 

April, 2024.  

Esha, E. J., 2023. One Health, multiple impacts: a review of 10 years of One Health work in 

Bangladesh and the region with a focus on the poultry industry in Bangladesh. August. 

Field, B., Booth, A., Ilott, I., and Gerrish, K., 2014. Using the Knowledge to Action Framework 

in practice: a citation analysis and systematic review. Implementation Science, 9: 172.  

Frost, I., Laxminarayan, R., McKenna, N., Chai, S., and Joshi, J., 2018. Antimicrobial resistance 

and primary health care. World Health Organization, 3–6.  

Gjini, E., Paupério, F. F. S., and Ganusov, V. V., 2020. Treatment timing shifts the benefits of 

short and long antibiotic treatment over infection. Evolution, Medicine, and Public Health, 

2020(1): 249–263.  

Golden, S. D., and Earp, J. A. L. (2012). Social Ecological Approaches to Individuals and Their 

Contexts. Health Education and Behavior, 39(3): 364–372.  

Gray, P., Jenner, R., Norris, J., Page, S., and Browning, G., 2021. Antimicrobial prescribing 

guidelines for poultry. Australian Veterinary Journal, 99(6): 181–235.  

Habiba, U. e., Khan, A., Mmbaga, E. J., Green, I. R., and Asaduzzaman, M., 2023. Use of 

antibiotics in poultry and poultry farmers- a cross-sectional survey in Pakistan. Frontiers in 

Public Health, 11: 1–10. 

Hailu Assefa, 2019. The role of poultry for poor livelihoods in Ethiopia. International Journal of 

Veterinary Science and Animal Husbanddry, 4(3): 1–4.  

Hao, H., Cheng, G., Iqbal, Z., Ai, X., Hussain, H. I., Huang, L., Dai, M., Wang, Y., Liu, Z., and 

Yuan, Z., 2014. Benefits and risks of antimicrobial use in food-producing animals. Frontiers 

in Microbiology, 5: 1–11.  

Hassan, M. M., Kalam, M. A., Alim, M. A., Shano, S., Nayem, M. R. K., Badsha, M. R., Mamun, 

M. A. Al, Hoque, A., Tanzin, A. Z., Nath, C., Khanom, H., Khan, S. A., Islam, M. M., Uddin, 

M. B., and Islam, A., 2021. Knowledge, attitude, and practices on antimicrobial use and 

antimicrobial resistance among commercial poultry farmers in Bangladesh. Antibiotics, 

10(7): 784.  

Hedman, H. D., Vasco, K. A., and Zhang, L., 2020. A Review of Antimicrobial Resistance in 

Poultry Farming within Low-Resource Settings. Animals, 10(8): 1264.  

Hibbard, R., Chapot, L., Yusuf, H., Ariyanto, K. B., Maulana, K. Y., Febriyani, W., Cameron, A., 

Vergne, T., Faverjon, C., and Paul, M. C., 2023. “It’s a habit. They’ve been doing it for 

decades and they feel good and safe.”: A qualitative study of barriers and opportunities to 

changing antimicrobial use in the Indonesian poultry sector. PLOS ONE, 18(9): e0291556.  

Higuita-Gutiérrez, L. F., Roncancio Villamil, G. E., and Jiménez Quiceno, J. N., 2020. Knowledge, 

attitude, and practice regarding antibiotic use and resistance among medical students in 

Colombia: a cross-sectional descriptive study. BMC Public Health, 20(1): 1861. 

Hika Waktole, Tsedal Muluneh, Yemsrach Miressa, Sisay Ayane, Gebreyohannes Berhane, 



57 

 

 

 

Tadele Kabeta, Bizunesh Mideksa Borena, Kebede Amenu, Hagos Ashenafi, and Antonissen, 

G., 2023. Quantitative Assessment of Major Biosecurity Challenges of Poultry Production in 

Central Ethiopia. Animals, 13(23). 

Hinchliffe, S., Bard, A., Chan, K. W., Adam, K., Bruce, A., Reyher, K., and Buller, H., 2024. 

Regulating antimicrobial resistance: market intermediaries, poultry and the audit lock-in. 

Agriculture and Human Values, 41(2), 801–814.  

Hossain, M. T., Rafiq, K., Islam, M. Z., Chowdhury, S., Islam, P., Haque, Z., Samad, M. A., Sani, 

A. A., Ferdous, M. R. A., Islam, M. R., Ahmed, N., Hossen, M. I., Khasruzzman, A. K. M., 

Bhuiyan, M. K. J., and Hossain, M. T., 2022. A Survey on Knowledge, Attitude, and Practices 

of Large-Animal Farmers towards Antimicrobial Use, Resistance, and Residues in 

Mymensingh Division of Bangladesh. Antibiotics, 11(4).  

Interagency Coordination Group (IACG), 2018. Surveillance and monitoring for antimicrobial use 

and resistance. In Interagency Coordination Group on Antimicrobial Resistance, 2015(6).  

International Poultry Council (IPC), 2019. International Poultry Council Best Practice Guidance 

to reduce the need for antibiotics in poultry production. November, 1–12. 

Iredell, J., 2019. Antimicrobial resistance. Microbiology Australia, 40(2): 55–56.  

Islam, M. Z., Islam, M. S., Kundu, L. R., Ahmed, A., Hsan, K., Pardhan, S., Driscoll, R., Hossain, 

M. S., and Hossain, M. M. (2022). Knowledge, attitudes and practices regarding antimicrobial 

usage, spread and resistance emergence in commercial poultry farms of Rajshahi district in 

Bangladesh. PLoS ONE, 17(11): e0275856.  

Jacobson Vann, J. C., Finkle, J., Ammerman, A., Wegner, S., Skinner, A. C., Benjamin, J. T., and 

Perrin, E. M., 2011. Use of a Tool to Determine Perceived Barriers to Children’s Healthy 

Eating and Physical Activity and Relationships to Health Behaviors. Journal of Pediatric 

Nursing, 26(5): 404–415.  

Kakooza, S., Eneku, W., Ayebare, D., Ndoboli, D., Mbatidde, I., Waiswa, J., Barasa, M., Roesel, 

K., and Moodley, A., 2023. Training manual for frontline animal extension service providers 

on antimicrobial resistance in poultry production. Animal Husbandry and Fisheries, 2–73. 

Kalia, V. C., Shim, W. Y., Patel, S. K. S., Gong, C., and Lee, J.-K., 2022. Recent developments in 

antimicrobial growth promoters in chicken health:  Opportunities and challenges. The Science 

of the Total Environment, 834: 155300.  

Kasabova, S., Hartmann, M., Freise, F., Hommerich, K., Fischer, S., Wilms-Schulze-Kump, A., 

Rohn, K., Käsbohrer, A., and Kreienbrock, L., 2021. Antibiotic Usage Pattern in Broiler 

Chicken Flocks in Germany. Frontiers in Veterinary Science, 8: 1–12.  

Kiambi, S., Mwanza, R., Sirma, A., Czerniak, C., Kimani, T., Kabali, E., Dorado-Garcia, A., 

Eckford, S., Price, C., Gikonyo, S., Byarugaba, D. K., and Caudell, M. A., 2021. 

Understanding antimicrobial use contexts in the poultry sector: Challenges for small-scale 

layer farms in Kenya. Antibiotics, 10(2): 1–16. 

Kindu Geta, and Mulugeta Kibret, 2021. Knowledge, attitudes and practices of animal farm 

owners/workers on antibiotic use and resistance in Amhara region, north western Ethiopia. 

Scientific Reports, 11(1): 21211.  

Koirala, A., Bhandari, P., Shewade, H. D., Tao, W., Thapa, B., Terry, R., Zachariah, R., and Karki, 

S., 2021. Antibiotic Use in Broiler Poultry Farms in Kathmandu Valley of Nepal: Which 

Antibiotics and Why? Tropical Medicine and Infectious Disease, 6(2): 47.  

Kosiyaporn, H., Chanvatik, S., Issaramalai, T., Kaewkhankhaeng, W., Kulthanmanusorn, A., 

Saengruang, N., Witthayapipopsakul, W., Viriyathorn, S., Kirivan, S., Kunpeuk, W., 

Suphanchaimat, R., Lekagul, A., and Tangcharoensathien, V., 2020. Surveys of knowledge 



58 

 

 

 

and awareness of antibiotic use and antimicrobial resistance in general population: A 

systematic review. PLoS ONE, 15(1): 1–27.  

Landers, T. F., Cohen, B., Wittum, T. E., and Larson, E. L., 2012. A Review of Antibiotic Use in 

Food Animals: Perspective, Policy, and Potential. Public Health Reports, 127(1): 4–22.  

Lee, M., Kang, B.-A., and You, M., 2021. Knowledge, attitudes, and practices (KAP) toward 

COVID-19: a cross-sectional study in South Korea. BMC Public Health, 21(1): 295. 

Legesse Garedew, Seleshe Nigatu, Abebe Mequanent, and Reta Tesfaye, 2015. Prevalence and 

Drug Sensitivity Pattern of Campylobacter jejuni Isolated from Cattle and Poultry in and 

Around Gondar Town, Ethiopia. Global Veterinaria, 14(1): 43–47.  

Liao, D., and Valliant, R., 2012. Variance inflation factors in the analysis of complex survey data. 

Survey Methodology, 38(1): 53–62. 

Likert, R., 1974. The Method of Constructing an Attitude Scale Rensis Likert. In Scaling: A 

Sourcebook for Behavioral Ccientists, 233–243. 

Maina, J. K., Nega Berhane Tesema, and Kibrnesh Tegenaw Tsega, 2019. Probiotics and Poultry 

Gut Microflora. Journal of World’s Poultry Research, 9(4): 217–223.  

Matabi, J. M. O., 2017. Roger’s diffusion of innovation: The role of a co-operative on farmers’ 

adoption of poultry farming innovations in Kitui, Kenya. Int. J. Inf. Res. Rev, 04(04): 3941–

3951.  

McKernan, C., Benson, T., Farrell, S., and Dean, M., 2021. Antimicrobial use in agriculture: 

Critical review of the factors influencing behaviour. JAC-Antimicrobial Resistance, 3(4).  

Melkamu Bezabih Yitbarek, Berhan Tamir Mersso, and Ashenafi Mengistu Wosen, 2016. Disease 

management and biosecurity measures of small-scale commercial poultry farms in and around 

Debre Markos, Amhara Region, Ethiopia. Journal of Veterinary Medicine and Animal 

Health, 8(10): 136–144.  

Merica, M., Luhmann, N., Fauvel, G., and G., Z., 2018. Data Collection Using Quantitative 

Methods. Successful Dissertations : The Complete Guide for Education, Childhood and Early 

Childhood Studies Students, 1–73. 

Migbaru Keffale, and Abdi Jibril Mume, 2015. Prevalence of Poultry Coccidiosis in Large and 

Small Scale Poultry Farms in and Around Dire Dawa , Ethiopia. Acta Parasitologica 

Globalis, 6(3): 215–219.  

Minimol, V. A., Kumar, A., and Mothadaka, M. P., 2023. Evolution and Milestones in the 

Development of AMR in Bacteria. In Handbook on Antimicrobial Resistance: Current Status, 

Trends in Detection and Mitigation Measures, 1–14. 

Mohsin, M. A. S., Hoque, M. A., Sattar, A. Al, and Baillie, S., 2023. Factors Influencing Effective 

Communication between Stakeholder Groups during DVM  Work-Based Learning Program 

in Bangladesh. Journal of Veterinary Medical Education, e20220101.  

Mounzer, C., Baydoun, S., Amer, R., and Borjac, J., 2021. Knowledge, Attitudes and Practices 

Regarding the Use of Antibiotics: a Cross-Sectional Study From a Rural Area of Lebanon. 

BAU Journal - Health and Wellbeing, 4(1).  

Mudenda, S., Chabalenge, B., Daka, V., Mfune, R. L., Salachi, K. I., Mohamed, S., Mufwambi, 

W., Kasanga, M., and Matafwali, S. K., 2023. Global Strategies to Combat Antimicrobial 

Resistance: A One Health Perspective. Pharmacology andamp; Pharmacy, 14(08): 271–328.  

Mudenda, S., Malama, S., Munyeme, M., Hang’ombe, B. M., Mainda, G., Kapona, O., Mukosha, 

M., Yamba, K., Bumbangi, F. N., Mfune, R. L., Daka, V., Mwenya, D., Mpundu, P., 

Siluchali, G., and Muma, J. B., 2022. Awareness of Antimicrobial Resistance and Associated 

Factors among Layer Poultry Farmers in Zambia: Implications for Surveillance and 



59 

 

 

 

Antimicrobial Stewardship Programs. Antibiotics, 11(3): 1–12.  

Mulchandani, R., Wang, Y., Gilbert, M., and Van Boeckel, T. P., 2023. Global trends in 

antimicrobial use in food-producing animals: 2020 to 2030. PLOS Global Public Health, 

3(2): e0001305. 

Mulugeta Yitayih Birhanu, Kumlachew Geremew, Wondmeneh Esatu, Tsion Girma, Fasil 

Getachew, Setegn Worku and Tadelle Dessie, 2021. Economic and marketing performance 

of chicken value chain actors in Ethiopia: challenges and business opportunities for 

sustainable livelihoods. ILRI Research Report. In International Livestock Research Institute 

(Issue May).  

Murphy, D., Ricci, A., Auce, Z., Beechinor, J. G., Bergendahl, H., Breathnach, R., Bureš, J., 

Duarte Da Silva, J. P., Hederová, J., Hekman, P., Ibrahim, C., Kozhuharov, E., Kulcsár, G., 

Lander Persson, E., Lenhardsson, J. M., Mačiulskis, P., Malemis, I., Markus‐Cizelj, L., 

Michaelidou‐Patsia, A., … Jukes, H., 2017. EMA and EFSA Joint Scientific Opinion on 

measures to reduce the need to use antimicrobial agents in animal husbandry in the European 

Union, and the resulting impacts on food safety (RONAFA). EFSA Journal, 15(1).  

National Collaboration Center for Infectious Diseases (NCCID), 2016. The Role of Human Health 

and Animal Health in Antimicrobial Resistance. Katrime Integrated Health, 1–22.  

Ndahi, M. D., Hendriksen, R., Helwigh, B., Card, R. M., Fagbamila, I. O., Abiodun-Adewusi, O. 

O., Ekeng, E., Adetunji, V., Adebiyi, I., and Andersen, J. K., 2023. Determination of 

antimicrobial use in commercial poultry farms in Plateau and Oyo States, Nigeria. 

Antimicrobial Resistance and Infection Control, 12(1): 30.  

Ndukui, J. G., Gikunju, J. K., Aboge, G. O., and Mbaria, J. M., 2021. Antimicrobial Use in 

Commercial Poultry Production Systems in Kiambu County, Kenya: A Cross-Sectional 

Survey on Knowledge, Attitudes and Practices. Open Journal of Animal Sciences, 11(04): 

658–681. 

Nebiyu Yemane, Berhan Tamir, and Ashenafi Mengistu, 2016. Constraints , opportunities and 

socio-economic factors affecting flock size holding in small scale intensive urban poultry 

production in Addis Ababa ,. Agriculture and Biology Journal of North America, 7(3): 146–

152.  

Nhung, N. T., Chansiripornchai, N., and Carrique-Mas, J. J., 2017. Antimicrobial resistance in 

bacterial poultry pathogens: A review. Frontiers in Veterinary Science, 4: 1–17.  

Nkansa, M., Agbekpornu, H., Kikimoto, B. B., and Chandler, I. R. C., 2020. Antibiotic use among 

poultry farmers in the Ghana Dormaa Municipality (Issue December).  

Nunnally, J. C., 1994. Bernstein. Ih (1994). Psychometric Theory, 3. 

O’Neill, J., 2016. Tackling drug-resistant infections globally: final report and recommendations. 

Odey, T. O. J., Tanimowo, W. O., Afolabi, K. O., Jahid, I. K., and Reuben, R. C., 2024. 

Antimicrobial use and resistance in food animal production: food safety and associated 

concerns in Sub-Saharan Africa. International Microbiology, 27(1): 1–23.  

Oloso, N. O., Odetokun, I. A., Ghali-Mohammed, I., Fasina, F. O., Olatoye, I. O., and Adetunji, 

V. O., 2022. Knowledge, Attitudes, and Risk Perception of Broiler Grow-Out Farmers on 

Antimicrobial Use and Resistance in Oyo State, Nigeria. Antibiotics, 11(5): 567.  

Oluwasile, B., Agbaje, M., Ojo, O., and Dipeolu, M., 2014. Antibiotic usage pattern in selected 

poultry farms in Ogun state. Sokoto Journal of Veterinary Sciences, 12(1): 45.  

Omondi, S. O., 2022. Poultry Value Chain in Two Medium-Sized Cities in Kenya; Insights From 

Cluster Theory. Frontiers in Veterinary Science, 9: 1–15.  

Organização Mundial da Saúde (OMS), 2017. Global action plan on antimicrobial resistance. 



60 

 

 

 

World Health Organization, 1–28. 

Orubu, E. S. F., Zaman, M. H., Rahman, M. T., and Wirtz, V. J., 2020. Veterinary antimicrobial 

resistance containment in Bangladesh: Evaluating the national action plan and scoping the 

evidence on implementation. Journal of Global Antimicrobial Resistance, 21: 105–115. 

Oumer Abdu Muhie, 2019. Antibiotic Use and Resistance Pattern in Ethiopia: Systematic Review 

and Meta-Analysis. International Journal of Microbiology, 2019: 1–8.  

Poudel, A., Sharma, S., Dhital, K., Bhandari, S., Rajbhandari, P. G., Napit, R., Puri, D., and 

Karmacharya, D. B., 2024. Antimicrobial stewardship hindered by inadequate biosecurity 

and biosafety practices, and inappropriate antibiotics usage in poultry farms of Nepal–A pilot 

study. PLoS ONE, 19, 1–15. 

Raquel Abreu, Teresa Semedo-Lemsaddek, Cunha, E., Tavares, L., and Oliveira, M., 2023. 

Antimicrobial Drug Resistance in Poultry Production: Current Status and Innovative 

Strategies for Bacterial Control. Microorganisms, 11(4): 953.  

Rayner, A. C., Higham, L. E., Gill, R., Michalski, J. P., and Deakin, A., 2019. A survey of free-

range egg farmers in the United Kingdom: Knowledge, attitudes and practices surrounding 

antimicrobial use and resistance. Veterinary and Animal Science, 8: 100072. 

Reta Duguma Abdi, Fisseha Mengstie, Ashenafi Feyisa Beyi, Takele Beyene, Hika Waktole, 

Bedasso Mammo, Dinka Ayana, and Fufa Abunna, 2017. Determination of the sources and 

antimicrobial resistance patterns of Salmonella isolated from the poultry industry in Southern 

Ethiopia. BMC Infectious Diseases, 17(1).  

Ruckert, A., Harris, F., Aenishaenslin, C., Aguiar, R., Boudreau-LeBlanc, A., Pedro Carmo, L., 

Labonté, R., Lambraki, I., Parmley, E. J., and Wiktorowicz, M. E., 2024. One Health 

governance principles for AMR surveillance: a scoping review and conceptual framework. 

Research Directions: One Health, 2.  

Rware, H., Monica, K. K., Idah, M., Fernadis, M., Davis, I., Buke, W., Solveig, D., Daniel, K., 

Duncan, C., Morten, B., and Keith, H., 2024. Examining antibiotic use in Kenya: farmers’ 

knowledge and practices in addressing antibiotic resistance. CABI Agriculture and 

Bioscience, 5(1): 21. 

Sagni Ragassa, and Gemechu Berhanu, 2023. Antibiotic Use, Awareness of Antimicrobial 

Resistance and Residue in Veterinary Professionals and Farmers in Selected Districts of 

Kellem Wollega Zone, Ethiopia. Veterinary Medicine: Research and Reports, Volume 14: 

159–175.  

Salam, M. A., Al-Amin, M. Y., Salam, M. T., Pawar, J. S., Akhter, N., Rabaan, A. A., and 

Alqumber, M. A. A., 2023. Antimicrobial Resistance: A Growing Serious Threat for Global 

Public Health. Healthcare (Switzerland), 11(13): 1–20.  

Sambo, E., Bettridge, J., Tadelle Tesfaw Dessie, Alemayehu Amare, Tadiose Habte, Wigley, P., 

and Christley, R. M., 2015. Participatory evaluation of chicken health and production 

constraints in Ethiopia. Preventive Veterinary Medicine, 118(1): 117–127.  

Sammataro, D., and Yoder, J. A., 2023. Addressing AMR in poultry production. In Challenges 

and sustainable solutions for LMICs.  

Samuel, M., Fredrick Wabwire, T., Tumwine, G., and Waiswa, P., 2023. Antimicrobial Usage by 

Small-Scale Commercial Poultry Farmers in Mid-Western District of Masindi Uganda: 

Patterns, Public Health Implications, and Antimicrobial Resistance of E. coli. Veterinary 

Medicine International, 2023: 1–10.  

Sarkar, S., and Okafor, C. C., 2022. Effect of Changes in Veterinary Feed Directive Regulations 

on Violative Antibiotic Residues in the Tissue of Food Animals from the Inspector-Generated 



61 

 

 

 

Sampling in the United States. Microorganisms, 10(10).  

Scarafile, G., 2016. Antibiotic resistance: current issues and future strategies. Reviews in Health 

Care, 7(1): 3–16.  

Schober, P., and Schwarte, L. A., 2018. Correlation coefficients: Appropriate use and 

interpretation. Anesthesia and Analgesia, 126(5): 1763–1768.  

Selaledi, L. A., Hassan, Z. M., Manyelo, T. G., and Mabelebele, M., 2020. The current status of 

the alternative use to antibiotics in poultry production: An African perspective. Antibiotics, 

9(9): 1–18.  

Shahi, M. K., Gompo, T. R., Sharma, S., Pokhrel, B., Manandhar, S., and Jeamsripong, S., 2023. 

Situational Analysis and Knowledge, Attitudes, and Practices of Antimicrobial Use and 

Resistance among Broiler Poultry Farmers in Nepal. Animals, 13(19): 1–19.  

Shahi, M. K., and Jeamsripong, S., 2024. Knowledge, attitudes, and practices on antimicrobial use 

and antimicrobial resistance among poultry practitioner veterinarians. Frontiers in Veterinary 

Science, 11: 1–11.  

Shapiro, B. I., Getachew Gebru, Solomon Desta, Asfaw Negassa, Kidus Negussie, Gezahegn 

Aboset and Henok Mecha, 2020. Ethiopia livestock master plan. ILRI Project Report. 

Nairobi, Kenya: International Livestock Research Institute (ILRI). In IILRI Project Report.  

Siddiky, N. A., Islam, S., Sarker, M., Begum, R., and Samad, M. A., 2022. Knowledge, Attitude 

and Practices of Poultry Farmers on Antimicrobial Use, Resistance and Farm Hygiene 

Management in Bangladesh. ResearchSquare. 

Simegnew Adugna Kallu, Nigatu Kebede, Tesfu Kassa, Ambachew Motbaynor Wubaye, Kainga, 

H., Habtamu Mekonnen, and Simuunza, M. C., 2024. Knowledge, Attitudes, Practices, and 

Risk Perception of Antimicrobial Use and Antimicrobial Resistance Among Dairy Farm 

Owners/Workers in Addis Ababa, Ethiopia. Infection and Drug Resistance, 17: 1839–1861.   

Sindato, C., Mboera, L. E. G., Katale, B. Z., Frumence, G., Kimera, S., Clark, T. G., Legido-

Quigley, H., Mshana, S. E., Rweyemamu, M. M., and Matee, M., 2020. Knowledge, attitudes 

and practices regarding antimicrobial use and resistance among communities of Ilala, Kilosa 

and Kibaha districts of Tanzania. Antimicrobial Resistance and Infection Control, 9(1): 194.  

Siqueira, M. S. S., Nascimento, P. O., and Freire, A. P., 2022. Reporting Behaviour of People with 

Disabilities in relation to the Lack of Accessibility on Government Websites: Analysis in the 

light of the Theory of Planned Behaviour. Disability, CBR and Inclusive Development, 33(1): 

52–68.  

Speksnijder, D. C., Jaarsma, A. D. C., van der Gugten, A. C., Verheij, T. J. M., and Wagenaar, J. 

A., 2015. Determinants associated with veterinary antimicrobial prescribing in farm animals 

in the Netherlands: A qualitative study. Zoonoses and Public Health, 62(1): 39–51.  

Ssajjakambwe, P., Atuheire, C., Okello, J., Kakooza, S., Waiswa, J., Ayebare, D., Roesel, K., and 

Moodley, A., 2023. Antimicrobial resistance and stewardship among stakeholders of the 

poultry value chain in Wakiso and Soroti districts , Uganda Knowledge , attitudes and 

practices report. October.  

Subedi, D., Jyoti, S., Thapa, B., Paudel, S., Shrestha, P., Sapkota, D., Bhatt, B. R., Adhikari, H., 

Poudel, U., Gautam, A., Nepal, R., and Al-Mustapha, A. I., 2023. Knowledge, Attitude, and 

Practice of Antibiotic Use and Resistance among Poultry Farmers in Nepal. Antibiotics, 

12(9): 1369.  

Tabler, T., Zhai, W., Wells, J., and Moon, J., 2021. Antibiotic Resistance, Alternatives,  and the 

U.S. Poultry Industry. Publication 3605 (POD-04-21). 

Tadesse Eguale, 2018. Non-typhoidal Salmonella serovars in poultry farms in central Ethiopia: 



62 

 

 

 

Prevalence and antimicrobial resistance. BMC Veterinary Research, 14(1): 217. 

Tadiose Habte, Alemayehu Amare, Bettridge, J., Collins, M., Christley, R., and Wigley, P., 2017. 

Guide to chicken health and management in Ethiopia for farmers and development agents. 

Manual, 1–62.  

Takele Beyene, Abdulkaf Kemal, Tariku Jibat, Fanos Tadese, Dinka Ayana, and Ashenafi Feyisa, 

2015. Assessment on Chemicals and Drugs Residue in Dairy and Poultry Products in Bishoftu 

and Modjo, Central Ethiopia. Journal of Nutrition and Food Sciences, s13(December). 

Takele Beyene Tufa, Fikru Regassa, Kebede Amenu, Stegeman, J. A., and Hogeveen, H., 2023. 

Livestock producers’ knowledge, attitude, and behavior (KAB) regarding antimicrobial use 

in Ethiopia. Frontiers in Veterinary Science, 10(13): 1946. 

Takele Taye Desta, 2021. Indigenous village chicken production: a tool for poverty alleviation, 

the empowerment of women, and rural development. Tropical Animal Health and 

Production, 53(1): 1. 

Tamirat Herago, Abebe Agonafir, and Tamirat Chuko, 2021. Drug Residues in Foods of Animal 

Origin and Their Impact on Human Health: Review. Food Science and Quality Management, 

June. 

Tamma, P. D., Aitken, S. L., Bonomo, R. A., Mathers, A. J., van Duin, D., and Clancy, C. J., 2023. 

Infectious Diseases Society of America 2023 Guidance on the Treatment of Antimicrobial 

Resistant Gram-Negative Infections. Clinical Infectious Diseases, 1–174.  

Tartari, E., Abbas, M., Pires, D., de Kraker, M. E. A., and Pittet, D., 2017. World Health 

Organization SAVE LIVES: Clean Your Hands global campaign—‘Fight antibiotic 

resistance—it’s in your hands’’.’ Clinical Microbiology and Infection, 23(9): 596–598. 

Teyib Abafogi Abadula, Sufian Abdo Jilo, Johar Aliye Hussein, and Sadik Zakir Abadura, 2022. 

Poultry Production Status, Major Constraints, and Future Prospective. Journal of World’s 

Poultry Science, 1(1): 22–28. 

Tsegahun Asfaw, Deribew Genetu, Demissew Shenkute, Tassew Tefera Shenkutie, Yosef Eshetie 

Amare, and Berhanu Yitayew, 2022. Foodborne Pathogens and Antimicrobial Resistance in 

Ethiopia: An Urgent Call for Action on “One Health.” Infection and Drug Resistance, 15: 

5265–5274. 

Tsigereda Fekadu, Wondmeneh Esatu, Dejene Takele, Etalem Tesfaye, Yonatan Zewdie, Kassaw 

Amssalu, Tekalign Yirgu, Mikeyas Endawek, Shimelis Shiferaw, Berhanu Million, Mulugeta 

Yitayih, and Tadelle Dessie, 2022. Ethiopia National Poultry Development Strategy 2022–

2031. 

United Sates Agency for International Development in Ethiopia (USAID/Ethiopia), 2020. 

Secondary Cities Assessment Phase 1-Synopsis Report.  

United States Poultry and Egg Association (USPEA), 2022. Antibiotic stewardship within U.S. 

poultry production: 2013-2022 report. 6. 

Van Boeckel, T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, T. P., Teillant, 

A., and Laxminarayan, R., 2015. Global trends in antimicrobial use in food animals. 

Proceedings of the National Academy of Sciences of the United States of America, 112(18): 

5649–5654.  

Warren, W. J., 2014. In Meat We Trust: An Unexpected History of Carnivore America. In The 

Annals of Iowa, 73(2): 164–166.  

Wellcome, 2024. Driving action on antimicrobial resistance (AMR) in 2024. 

Westerlund, A., Sundberg, L., and Nilsen, P., 2019. Implementation of Implementation Science 

Knowledge: The Research-Practice Gap Paradox. Worldviews on Evidence-Based Nursing, 



63 

 

 

 

16(5): 332–334. 

Wondmeneh Esatu Woldegiorgis, Alemayehu Amare, Bewket Siraw Alemayehu, and Tsigereda 

Fekadu, 2017. Status of Commercial Poultry Production in Ethiopia. Poultry Working Group, 

Ministry of Livestock and Fisheries: Addis Ababa, Ethiopia.  

World Health Organization (WHO), 2008. A Guide To Developing Knowledge , Attitude and 

Practice Surveys, 46. 

World Health Organization (WHO), 2022. Antimicrobial resistance surveillance in Europe 2020-

2022 Data. European Center for Disease Prevention and Control. 

World Health Organization(WHO), Food and Drug Authority (FDA), United Nations for 

Environmental Program (UNEP), and World Organization for Animal Health (WOAH), 

2022. Antimicrobial resistance: multi-partner trust fund annual report, 2021.  

Yalelet Worku Wodegebriel, Birhanu Fentahun Abebe, and Addisu Tamir, 2018. Medicinal plants 

used by farmers for treatment of major diseases of chicken in South Wollo Zone, Amhara 

region, Ethiopia. International Journal of Advanced Research in Biological Sciences, 5(10): 

45–58.  

Yohannes T. Asfaw, Gobena Ameni, Girmay Medhin, Barbara Gumi, and Balako Wieland, 2021. 

Poultry health services in Ethiopia: availability of diagnostic, clinical, and vaccination 

services. Poultry Science, 100(6): 101023.  

 

  



64 

 

 

 

10. APPENDICES 

Appendix-1: Participant Information Sheet with Consent Form 

Please read this consent letter before you decide to allow us take an information from you. 

The Study Title: Assessment of Knowledge, Attitude, and Practices on Antimicrobial Use and 

Resistance among Commercial Poultry Farm owners and workers in Selected Cities of Eastern 

Ethiopia 

Purpose of the study: This study assesses Antimicrobial Use (AMU) and Resistance (AMR) 

among poultry farmers in three eastern Ethiopian cities (Dire Dawa, Harar, and Jigjiga). It explores 

the poultry farm owners’/workers’ knowledge level, attitude, and practice on AMU and AMR, and 

determines the frequency and patterns of AMU and AMR on the farm. It additionally recognizes 

the elements that impact AMU and AMR, and proposes strategies to enhance the utilization of 

antimicrobials while mitigating the spread of AMR within the poultry industry. 

Possibilities to occur during the study: You can stop the interview anytime if you are not 

comfortable with the questions. Just feel free to participate, it depends on your sole preference. 

Potential benefits for participating in this study: This study will give you advice and 

suggestions on optimizing your AMU and AMR practices, and accessing resources and support 

for proper use of antimicrobials. It can enhance your poultry’s health and productivity, and lower 

the economic and environmental costs of AMR. The study will raise awareness about AMR, and 

improve the sustainability and resilience of the poultry sector. Thank you for your cooperation. 

Contact Address of the Investigator 

Name:  Dr. Bekiyad Shasho 

Phone No:  +251 917 30 1006 

E-mail: ssbecky2014@gmail.com 

Agreement: I have read the above information and decided to accept it voluntarily. 

Participant’s name     Signature Date 

__________________________________ _____________ ____/____/_______ 

Name of the investigator    Signature Date 

__________________________________ _____________ ____/____/_______ 

mailto:ssbecky2014@gmail.com?subject=Call/WhatsApp%20%22Dr.%20Bekiyad%20Shasho%22
mailto:ssbecky2014@gmail.com
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Appendix-2: Questionnaire 

This questionnaire aims to gather data on the attributes, methods, and obstacles encountered in 

poultry farming, as well as the incidence and trends of AMU and AMR in poultry farms located 

in Dire Dawa, Harar, and Jigjiga cities, Eastern Ethiopia. The collected information is intended 

solely for research purposes and will be treated with strict confidentiality. 

Section A: Socio-Demographic Information 

Kindly provide the necessary information for the questions below. Mark your choice with a tick 

“✓” or give the answer in the space provided. 

1. Location/address: _______________________ 

2. Gender 

[ ] Male 

[ ] Female 

3. Age (in years): ______ 

4. Marital Status 

[ ] Married 

[ ] Divorced 

[ ] Unmarried 

[ ] Prefer not to say 

5. Highest Level of Education 

[ ] No formal education 

[ ] Primary education 

[ ] Secondary education 

[ ] Tertiary education 

[ ] Prefer not to say 

6. Farm experience (in year): ___________. 

7. Role in the Farm (Multiple selections possible) 

[ ] Farm owner 

[ ] Manager 

[ ] Poultry health expert 

8. Poultry farming as primary income source 

[ ] No 

[ ] Yes 
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Section B: Characteristics of the Poultry Farm 

9. Type of Poultry Farm 

[ ] Broiler 

[ ] Layer 

[ ] Both 

[ ] Neither (Starter/grower) 

10. Number of poultry on the farm (farm size): ______________________________. 

11. Breeds of poultry (Multiple selections possible) 

[ ] Exotic 

[ ] Mixed 

12. Poultry Management System 

[ ] Semi-intensive 

[ ] Intensive 

13. Source of poultry feed 

[ ] From market 

[ ] Homemade 

[ ] Both 

14. Disease(s) encountered within the last six months: ____________________________ 

15. Prevalent diseases in your farm (give them a number in the ascending order). 

[ ] Newcastle disease 

[ ] Fowl cholera 

[ ] Fowl typhoid 

[ ] Marek’s disease 

[ ] Coccidiosis 

[ ] Some other diseases:______________________________________  

Section C: Antimicrobial Use (AMU) in the Poultry Farm 

16. Purpose of AMU (multiple selections possible) 

[ ] For treatment purpose 

[ ] For prevention 

[ ] For growth promotion 

[ ] For production performance 

[ ] Other purposes: __________________________________________________ 

17. Preferred Information Sources for Antimicrobial Use (Multiple selections possible) 

[ ] Veterinarians 

[ ] Extension workers 

[ ] Poultry associations 

[ ] Government agencies 

[ ] Research institutions 

[ ] Media or social media 

[ ] Online platforms 
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[ ] Colleagues 

[ ] Other (please specify): _________________________ 

18. Disease Prevention Measures in Poultry: (Please describe) 

________________________________________________________________________ 

19. Most commonly used drugs in your farm (list them down in the ascending order). 

_______________________________________________________________________ 

________________________________________________________________________. 

20. Frequency of Antimicrobial Use 

How often do you use antimicrobials on your farm? 

[ ] Once per month 

[ ] 2-5 times per month 

[ ] More than 5 times per month 

[ ] Once every 2-6 months 

[ ] Only when chickens are ill 

[ ] Do not remember 

[ ] Not used at all 

21. Barriers to Changing Antimicrobial Practices 

What obstacles prevent you from altering your AMU? (Multiple selections possible) 

[ ] Limited availability or high cost of antimicrobials 

[ ] Insufficient information or guidance on proper use 

[ ] No alternatives or incentives to reduce use 

[ ] Lack of regulations or enforcement 

[ ] Low awareness or concern about resistance 

[ ] Poor trust or collaboration among stakeholders 

[ ] Other (please specify): _________________________________________ 

Section D: Knowledge of Antimicrobial Use and Resistance Among Poultry Farmers 

This section assesses your knowledge regarding the use of antimicrobials and the issue of 

resistance in the context of poultry farming. 

22. Understanding of Antimicrobials 

Do you understand what antimicrobials are and their purposes? 

[ ] Yes 

[ ] No 

23. Knowledge of Prescription Authority 

Do you know a legally permitted body (individual) to prescribe antimicrobials?  

[ ] Yes 

[ ] No 

24. Understanding about Antimicrobial Residues 

Do you understand what antimicrobial residues are and their implications? 

[ ] Yes 

[ ] No 
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25. Information on Antimicrobial Resistance 

Do you understand the concept of antimicrobial resistance and its consequences? 

[ ] Yes 

[ ] No 

26. Knowledge of Disease-Specific Antimicrobials 

Can you identify specific antimicrobials that are effective against particular diseases? 

[ ] Yes 

[ ] No 

27. Transmission of Antimicrobial Residues to Humans 

Do humans get affected by antimicrobials from eating poultry products? 

[ ] Yes 

[ ] No 

28. Treatment Protocols for Flock Health 

Is it necessary to treat the entire flock when only a few birds show symptoms of illness to 

prevent an outbreak, even if it might lead to antimicrobial resistance (AMR)?  

[ ] Yes 

[ ] No 

Reason out: __________________________________________________________. 

29. Applicability of Antimicrobials for Diseases 

Can antimicrobials be used to treat any type of disease in poultry? 

[ ] Yes 

[ ] No 

Reason out: _________________________________________________________. 

30. Consistency of Antimicrobial Effectiveness 

Do all antimicrobials have the same healing effect on poultry diseases? 

[ ] Yes 

[ ] No 

31. Herbal Drug Alternatives 

Do you suggest that it is better to use herbal medications as substitutes for antimicrobials? 

[ ] Yes 

[ ] No 

If yes, can you give examples? ________________________________________ 

32. General Efficacy of Antimicrobials 

Do you consider antimicrobials to be effective for treating all kinds of diseases? 

[ ] Yes 

[ ] No 
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Section E: Poultry Farmers’ Attitudes on the Use of Antimicrobials and Resistance 

Please indicate how much you agree with each of the following statements regarding antimicrobial 

use and resistance. 

33. Certainty on impact of Random Antimicrobial Use 

Using antimicrobials randomly, even when necessary, leads to antimicrobial resistance. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

34. Consequences of Missing a Dose 

Not completing the full course of antimicrobials, even when other factors are considered, 

still leads to resistance. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

35. Regular Addition of Antimicrobials to Feed for Prevention 

Regularly adding antimicrobials to poultry feed is necessary to prevent illness, despite the 

risk of antimicrobial resistance. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

36. Restricting Antimicrobial Use Matters 

Limiting the use of antimicrobials causes more harm than good. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

37. Importance of Correct Antimicrobial Dosage 

Using the right amount of antimicrobials every time is important. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

38. Controlled Access to Antimicrobials 

Antimicrobials should be stored securely and handled only by trained personnel. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

39. Finishing Antimicrobials Before Expiring 

Using antimicrobials before they expire is better than discarding them. 

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 
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40. Preference for Herbal or Medicinal Alternatives 

Using herbal or medicinal alternatives to antimicrobials is preferable.  

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

41. Reduced Antimicrobial Use for Future Recovery 

If people knew that careless use of antimicrobials could affect future recovery, they would 

use it less.  

[ ] Agree 

[ ] Uncertain 

[ ] Disagree 

Section F: Practices Regarding Antimicrobials Use and Resistance 

This section seeks to understand your practices regarding the use of antimicrobials and your 

approach to managing resistance. 

42. Personal Administration of Antimicrobials 

Have you ever had to personally administer antimicrobials to your poultry? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

43. Antimicrobial Use During Brooding 

Do you find it necessary to use antimicrobials during the brooding stage of chicks, even if 

it might cause harm? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

44. Checking Expiry Dates of Drugs 

Before buying drugs, do you check if they are still valid for use? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

45. Antimicrobials as Growth Promoters 

Do you use antimicrobials to promote the growth of your poultry, considering both the 

benefits and potential risks? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

46. Non-Veterinarian Recommendations 

Have you ever followed advice on using antimicrobials from someone who is not an animal 

health professional? 
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[ ] Yes 

[ ] No 

[ ] Don’t know/not sure 

47. Professional Advice on Withdrawal Periods 

Do you consult a veterinarian about the appropriate withdrawal period after administering 

antimicrobials? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

48. Noting Withdrawal Periods 

Do you ensure there is a gap between the last antimicrobial treatment and the use of 

poultry products for consumption? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

49. Adjusting Dosage When No Recovery Is Evident 

If there is no sign of recovery, do you increase the dosage or frequency of antimicrobial 

treatment? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

50. Ceasing Treatment When Symptoms Improve 

Do you accept the idea that stopping treatment with antimicrobials as soon as the 

chickens start to show signs of improvement can lead to resistance? 

[ ] Yes 

[ ] No 

[ ] Don’t know 

51. Consumption of Treated Poultry Meat 

Do the benefits outweigh the risks for you to consume the meat from birds that have 

been treated with antimicrobials towards the end of their life?  

[ ] Yes 

[ ] No 

[ ] Don’t know 

52. Switching Antimicrobials Mid-Treatment 

During an illness, do you switch to different antimicrobials if the initial ones do not 

seem effective? 

[ ] Yes 

[ ] No 

[ ] Don’t know  
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Table in the Appendix 1. Checklist of registered commercial poultry farms in Harar city 

 

 

Table in the Appendix 2. Checklist of registered commercial poultry farms from Dire Dawa city 

administration 

ተ.ቁ የባለቤቱ ስም ቀበሌ 

ያለው የዶሮ መጠን 

ድምር 

በቀን የተገኙ 

የእንቁላል ምርት 

በወር የተገኙ የእንቁላል ምርት 

(በቁጥር) 

በአማካይ  በአመት  

የተገኙ የእንቁላል 

ምርት 

እንቁላል 

ጣይ ጫጩ/ቄብ 

1 *****  ***** በረን 3000 3000 6000 2,580 77,400 774,000 

2 ***** ***** 03 1500 3000 4500 1,290 38,700 387,000 

4 ***** ***** 03 2000 2000 4000 1,720 51,600 516,000 

5 ***** ***** 03 1000 1500 2500 860 25,800 258,000 

6 ***** ***** 03 1000  1000 860 25,800 258,000 

7 ***** ***** 03 2500 1500 4000 2,150 64,500 645,000 

8 ***** ***** 03 1500 2500 4000 1,290 38,700 387,000 

9 ***** ***** 03 1000  1000 860 25,800 258,000 

10 ***** ***** 03 1000 1000 2000 860 25,800 258,000 

11 ***** ***** 03 1500  1500 1,290 38,700 387,000 

12 ***** ***** 03 500  500 430 12,900 129,000 

13 ***** ***** 03 1000  1000 860 25,800 258,000 

14 ***** ***** 03 1000  1000 860 25,800 258,000 

15 ***** ***** 03 1000 3000 4000 860 25,800 258,000 

16 ***** ***** 03 1000 1500 2500 860 25,800 258,000 

17 ***** ***** 03 500  500 430 12,900 129,000 

18 ***** ***** 02 1000  1000 860 25,800 258,000 

19 ***** ***** 09 1000  1000 860 25,800 258,000 

20 ***** ***** 09 1500  1500 1,290 38,700 387,000 

21 ***** ***** 09 1500  1500 1,290 38,700 387,000 

22 ***** ***** 02  1500 1500    

23 ***** ***** 09  2500 2500    

24 ***** *****   1000 1000    

25 ***** ***** 02 4000 3000 7000 3440 103200 1238400 

26 ***** ***** 03 120  120 100 3000 36000 

27 ***** *****  1500  1500 1,290 38,700 387,000 

28 ***** ***** ገ/ሪጌ 330  330 283 8514 102168 

ድምር 31,9500 27,000 58,950 24,473 824,214 8471568 
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Figure in the Appendix 1. A commercial poultry farm practicing cage system of housing 

     

Figure in the Appendix 2. Photos of poultry farms practicing cage, and deep litter housing  
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Figure in the Appendix 3. Photo captured while interviewing a poultry health expert in Harar  
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Figure in the Appendix 4. Cooperation Letter from Haramaya University’s College of Veterinary Medicine 

to Jigjiga Agricultural Office 
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Figure in the Appendix 5. Permission letter from the Jigjiga City Administration Agricultural, Livestock 

and Environmental Protection Office to Poultry Farms in the City  
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Figure in the Appendix 6. Permission Letter from Maya City Agricultural Office to Poultry Farms in the 

city 
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Figure in the Appendix 7. Permission letter from Dire Dawa Administration Agriculture Development 

Office to Poultry Farms in the City 
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Figure in the Appendix 8. Permission letter from Harari Agriculture Development Bureau to poultry 

farms in the city 


