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[bookmark: _Toc212881726]ABSTRACT 
Antimicrobial Resistance (AMR) in poultry is a growing public health concern due to the potential transfer of resistant bacteria to humans. This study investigated the screening for antimicrobial resistant genes in poultry droppings collected in Sokoto Metropolis. Fourteen bacterial isolates were identified, including Proteus spp., Salmonella spp., and E. coli. Antimicrobial susceptibility testing showed that all E. coli isolates were multidrug resistant, with complete resistance to ampicillin and few to amoxicillin, and tetracycline, but variable susceptibility to ciprofloxacin and levofloxacin. Phenotypic screening indicated possible extended-spectrum beta-lactamase (ESBL) production. Plasmid isolation and agarose gel electrophoresis confirmed the presence of plasmid DNA in the E. coli isolates, suggesting plasmid-mediated resistance. The findings underscore the need for improved antibiotic regulation and surveillance in poultry production to reduce the spread of resistant pathogens.















iii

[bookmark: _Toc212881727]CHAPTER ONE
[bookmark: _Toc212881728]INTRODUCTION
[bookmark: _Toc212881729]1.1 Background of the Study
Antimicrobial resistance (AMR) has become one of the most pressing global health threats, undermining the effectiveness of commonly used antibiotics and complicating the treatment of infectious diseases (O’Neill, 2020; WHO, 2021). The problem is particularly severe in developing countries where weak regulatory frameworks, limited surveillance, and indiscriminate use of antimicrobials in humans and animals accelerate the emergence of resistant pathogens (Aworh et al., 2019).
Among resistant bacteria of public health concern, Escherichia coli is especially important due to its dual role as a commensal organism in the intestinal tract and as a pathogen capable of causing urinary tract infections, septicemia, and gastrointestinal illnesses (Yuan, 2021; Tadesse et al., 2022). E. coli also serves as a reservoir for resistance genes that can be transferred horizontally to other bacteria, thereby amplifying the AMR crisis (Mshana et al., 2020).
The poultry industry is a major contributor to food security in Nigeria, including Sokoto Metropolis, where chicken meat is widely consumed as an affordable protein source. However, the routine and often unregulated use of antibiotics in poultry production for growth promotion, prophylaxis, and treatment creates selective pressure that favors the emergence of resistant E. coli strains (Bortolaia et al., 2021; Nhung et al., 2021). These resistant bacteria can spread to humans through direct handling of poultry, consumption of contaminated meat, or via environmental contamination, posing a serious One Health challenge that links animal, human, and environmental health (Shaikh et al., 2022).
One of the most alarming resistance mechanisms in E. coli is the production of extended-spectrum beta-lactamases (ESBLs), which confer resistance to third-generation cephalosporins and other beta-lactam antibiotics. ESBL-producing E. coli have been increasingly reported in poultry across Nigeria, including northern regions such as Sokoto, significantly limiting treatment options for infections (Ahmed et al., 2023; Adeboye et al., 2023). In addition, multidrug resistance (MDR) involving resistance to fluoroquinolones, tetracyclines, and aminoglycosides has been documented in poultry-associated E. coli isolates (Agusi et al., 2024; Ajayi et al., 2023).
In Sokoto Metropolis, poultry farming and sales are largely informal, with antibiotics often accessed without veterinary prescription. This unregulated use has contributed to rising levels of AMR in chicken-associated pathogens. Recent studies in northern Nigeria have reported high prevalence of MDR E. coli and detection of ESBL genes such as blaTEM, blaSHV, and blaCTX-M in isolates from retail chicken meat (Adeboye et al., 2023; Ibrahim et al., 2022). These findings raise serious public health concerns, as resistant bacteria from chickens sold in Sokoto markets can easily enter the human food chain and compromise treatment outcomes.
Given the increasing trend of AMR in poultry-associated E. coli in Sokoto Metropolis, continuous monitoring of resistance patterns is essential for risk assessment and guiding antimicrobial stewardship programs. Investigating both the phenotypic resistance profiles and the molecular mechanisms underlying resistance in E. coli isolated from chickens sold in Sokoto provides critical insights into the magnitude of the problem and supports the design of effective public health interventions (Mshana et al., 2020; Aworh et al., 2019).


[bookmark: _Toc212881730]1.2 Statement of the Research Problem
Antimicrobial resistance (AMR) has become a major public health concern globally, with Escherichia coli recognized as one of the most important bacterial species contributing to this crisis. In Nigeria, and particularly in Sokoto Metropolis, poultry production is a vital source of affordable protein for the population. However, the widespread and often unregulated use of antibiotics in poultry farming has created selective pressure that favors the emergence of resistant strains of E. coli.
Recent studies in Nigeria have reported high prevalence of multidrug-resistant (MDR) and extended-spectrum beta-lactamase (ESBL)-producing E. coli in poultry meat, raising concerns about food safety and the risk of transmission of resistant pathogens to humans through the food chain (Adeboye et al., 2023; Ahmed et al., 2023). In Sokoto Metropolis, poultry farming and sales are largely informal, with antibiotics frequently accessed without veterinary prescription. This practice increases the likelihood of resistant bacteria contaminating chicken meat sold in local markets.
Despite the growing evidence of AMR in poultry-associated E. coli across Nigeria, there is limited data specifically addressing the resistance profiles of E. coli isolated from chickens sold in Sokoto Metropolis. The absence of localized surveillance data hampers effective risk assessment and the development of targeted antimicrobial stewardship programs. Without such information, consumers remain at risk of exposure to resistant pathogens, and public health authorities lack the evidence base needed to implement appropriate interventions.
Therefore, the research problem centers on the need to investigate the antimicrobial resistance patterns of E. coli isolated from chickens sold in Sokoto Metropolis, with particular emphasis on multidrug resistance and ESBL production. Addressing this gap will provide critical insights into the magnitude of AMR in the local poultry sector and inform strategies to safeguard both animal and human health.
[bookmark: _Toc212881731]1.3 Aim and Objectives of the Study
AIM
The aim of this study is to investigate the screening for antimicrobial resistant genes in poultry droppings collected in Sokoto Metropolis, with particular emphasis on Multidrug Resistance (MDR) and Extended-Spectrum Beta-Lactamase (ESBL) production.
SPECIFIC OBJECTIVES
The study seeks to:
1. Isolate and identify Escherichia coli from chicken samples obtained from retail outlets in Sokoto Metropolis.
2. Determine the antimicrobial susceptibility profiles of the isolates using commonly used antibiotics in poultry and human medicine.
3. Detect Extended-Spectrum Beta-Lactamase (ESBL) producing strains among the isolates using phenotypic methods.
4. Identification of genomic and plasmid DNA of isolates using Agarose Gel Electrophoresis method. 
[bookmark: _Toc212881732]1.4 Justification of the Study
Antimicrobial resistance (AMR) is a global health crisis that threatens the effectiveness of commonly used antibiotics and complicates the treatment of infectious diseases (WHO, 2021; O’Neill, 2020). Escherichia coli is of particular concern because it functions both as a commensal organism and as a pathogen capable of causing urinary tract infections, septicemia, and gastrointestinal illnesses. More importantly, E. coli serves as a reservoir for resistance genes that can be horizontally transferred to other bacteria, thereby amplifying the AMR problem (Mshana et al., 2020; Tadesse et al., 2022).
In Nigeria, poultry production plays a vital role in food security, with chicken meat serving as an affordable protein source for households. However, the routine and often unregulated use of antibiotics in poultry farming for prophylaxis, growth promotion, and treatment creates selective pressure that favors the emergence of resistant E. coli strains (Bortolaia et al., 2021; Nhung et al., 2021). These resistant bacteria can spread to humans through direct handling of poultry, consumption of contaminated meat, or environmental contamination, posing a serious One Health challenge that links animal, human, and environmental health (Shaikh et al., 2022).
Recent studies in northern Nigeria, including Sokoto, have reported high prevalence of multidrug-resistant (MDR) and extended-spectrum beta-lactamase (ESBL)-producing E. coli in poultry meat, with detection of resistance genes such as blaTEM, blaSHV, and blaCTX-M (Adeboye et al., 2023; Ahmed et al., 2023; Ibrahim et al., 2022). These findings highlight the urgent need for localized surveillance, as resistant bacteria from chickens sold in Sokoto markets can easily enter the human food chain and compromise treatment outcomes.
This study is therefore justified on the following grounds, Public Health Relevance: Resistant E. coli strains pose a direct threat to human health by reducing treatment options for common infections (Yuan, 2021; Agusi et al., 2024). Food Safety Concerns: Poultry meat sold in Sokoto Metropolis is often produced and marketed under informal conditions, increasing the risk of contamination with resistant pathogens (Ajayi et al., 2023). Knowledge Gap: Despite evidence of AMR in poultry-associated E. coli across Nigeria, localized data for Sokoto Metropolis remain scarce, limiting effective risk assessment and intervention (Aworh et al., 2019).
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[bookmark: _Toc212881735]2.1 Concept of Antimicrobial Resistance (AMR)
Antimicrobial resistance (AMR) refers to the ability of microorganisms such as bacteria, viruses, fungi, and parasites to survive exposure to antimicrobial agents that would normally kill them or inhibit their growth. In practical terms, this means that infections caused by resistant organisms become more difficult to treat, leading to prolonged illness, increased risk of spread, and higher mortality rates (WHO, 2023; Microbe Notes, 2022). AMR has emerged as one of the most pressing global health challenges, with estimates suggesting that it was directly responsible for 1.27 million deaths worldwide in 2019 and contributed to nearly 5 million deaths overall. Projections indicate that if left unchecked, AMR could cause up to 10 million deaths annually by 2050, surpassing cancer as a leading cause of mortality (O’Neill, 2016; WHO, 2023).
Microorganisms develop resistance through several mechanisms, most of which are driven by genetic changes. These mechanisms include the enzymatic degradation or modification of drugs, such as the production of beta-lactamase enzymes that inactivate penicillins and cephalosporins; alteration of drug targets within the bacterial cell, which reduces drug binding and effectiveness; the use of efflux pumps that actively expel antimicrobial agents from the cell; reduced permeability of the cell membrane, which prevents drug entry; and horizontal gene transfer through plasmids, transposons, or integrons, which allows resistance genes to spread rapidly among bacterial populations (Britannica, 2023). These processes enable bacteria to adapt quickly to selective pressures created by antimicrobial use, making them highly resilient in environments where antibiotics are frequently applied.
The misuse and overuse of antimicrobials in humans, animals, and agriculture are the primary drivers of resistance. In many low- and middle-income countries, weak regulatory frameworks, poor surveillance systems, and easy access to antibiotics without prescription exacerbate the problem (WHO, 2023). In poultry farming, antibiotics are often used indiscriminately for growth promotion and prophylaxis, creating selective pressure that accelerates the emergence of resistant strains. This not only threatens animal health but also increases the risk of resistant pathogens entering the human food chain.
The implications of AMR are profound. It undermines the effectiveness of modern medicine, making routine procedures such as surgery, chemotherapy, and organ transplantation riskier due to the threat of untreatable infections. It also increases healthcare costs, prolongs hospital stays, and threatens food security when resistant pathogens emerge in food-producing animals (WHO, 2023). For these reasons, AMR is now recognized as a critical One Health issue that links human, animal, and environmental health, requiring coordinated global action to mitigate its impact.
[bookmark: _Toc212881736]2.2 Escherichia coli: characterization and Public Health Importance
Escherichia coli (E. coli) is a Gram‑negative, rod‑shaped bacterium that naturally inhabits the intestinal tract of humans and animals. While many strains are harmless and play a beneficial role in maintaining gut health, certain pathogenic strains are capable of causing serious diseases such as urinary tract infections, septicemia, neonatal meningitis, and gastrointestinal illnesses including diarrhea (Yuan, 2021; Tadesse et al., 2022). The dual role of E. coli as both a commensal and a pathogen makes it particularly significant in the context of antimicrobial resistance.
Beyond its direct pathogenic potential, E. coli is also recognized as a major reservoir of antimicrobial resistance genes. Through horizontal gene transfer mechanisms such as plasmids, transposons, and integrons, resistance determinants can be shared not only among E. coli strains but also with other bacterial species, thereby amplifying the spread of resistance across microbial populations (Mshana et al., 2020). This ability to disseminate resistance genes makes E. coli a sentinel organism for monitoring antimicrobial resistance trends in both clinical and agricultural settings.
In the poultry industry, E. coli is of particular concern because it is frequently isolated from chickens and can contaminate meat during slaughter and processing. Pathogenic strains, often referred to as avian pathogenic E. coli (APEC), are associated with colibacillosis in poultry, a disease that causes significant economic losses due to mortality, reduced productivity, and increased treatment costs (Bortolaia et al., 2021). More importantly, poultry‑associated E. coli strains often carry multidrug resistance (MDR) and extended‑spectrum beta‑lactamase (ESBL) genes, which can be transmitted to humans through the food chain, direct handling of poultry, or environmental exposure (Ahmed et al., 2023; Adeboye et al., 2023).
From a public health perspective, the presence of resistant E. coli in poultry meat represents a serious food safety challenge. Consumers exposed to contaminated meat may acquire resistant strains that compromise treatment outcomes when infections occur. This risk is particularly high in regions such as Sokoto Metropolis, where poultry farming and sales are largely informal and antibiotics are often accessed without veterinary prescription, creating selective pressure that favors resistant strains (Aworh et al., 2019).
E. coli is both a commensal and pathogenic bacterium of major public health importance. Its role as a reservoir and disseminator of resistance genes, combined with its prevalence in poultry production, underscores the need for continuous surveillance and targeted interventions to mitigate the risks associated with antimicrobial resistance.
[bookmark: _Toc212881737]2.3 Antimicrobial Use in Poultry Production
The poultry industry is one of the fastest‑growing sectors of animal agriculture worldwide, providing affordable protein to millions of households. However, the widespread use of antimicrobials in poultry farming has become a major driver of antimicrobial resistance. Antibiotics are commonly administered to poultry not only for therapeutic purposes but also for prophylaxis and as growth promoters to enhance productivity. This practice, while economically beneficial, creates selective pressure that favors the emergence and persistence of resistant bacterial strains (Nhung et al., 2021; Bortolaia et al., 2021).
In many developing countries, including Nigeria, the use of antimicrobials in poultry production is often unregulated. Farmers can easily access antibiotics without veterinary prescription, leading to indiscriminate and inappropriate usage. Studies have shown that antimicrobials such as tetracyclines, fluoroquinolones, aminoglycosides, and beta‑lactams are frequently used in poultry farms, sometimes in sub‑therapeutic doses, which further accelerates the development of resistance (Aworh et al., 2019).
The misuse of antimicrobials in poultry has significant implications for both animal and human health. Resistant bacteria such as Escherichia coli can colonize poultry intestines and contaminate meat during slaughter and processing. These resistant strains may then be transmitted to humans through direct handling of poultry, consumption of contaminated meat, or via environmental pathways such as water and soil contaminated with poultry waste (Shaikh et al., 2022).
Globally, the link between antimicrobial use in poultry and the emergence of resistant pathogens has been well documented. For example, extended‑spectrum beta‑lactamase (ESBL)‑producing E. coli have been increasingly reported in poultry farms, limiting treatment options for infections in both animals and humans (Ahmed et al., 2023; Adeboye et al., 2023). This underscores the urgent need for antimicrobial stewardship in poultry production, particularly in regions such as Sokoto Metropolis where poultry farming and sales are largely informal.
While antimicrobials play an important role in maintaining poultry health and productivity, their misuse and overuse contribute significantly to the AMR crisis. Addressing this issue requires stricter regulation of antimicrobial use, improved veterinary oversight, and the adoption of alternative practices such as vaccination, biosecurity measures, and good husbandry to reduce reliance on antibiotics.
[bookmark: _Toc212881738]2.4 Antimicrobial Resistance in Poultry-Associated E. coli
The emergence of antimicrobial resistance in poultry-associated Escherichia coli has become a major global concern due to its implications for both animal health and food safety. Poultry serves as a significant reservoir of resistant E. coli strains, which can be transmitted to humans through direct contact, consumption of contaminated meat, or environmental exposure. Several studies have documented high levels of multidrug resistance (MDR) and extended-spectrum beta-lactamase (ESBL) production in E. coli isolated from poultry, highlighting the role of poultry farming in the spread of resistance (Ahmed et al., 2023; Adeboye et al., 2023).
Multidrug resistance in poultry-associated E. coli typically involves resistance to multiple classes of antibiotics, including tetracyclines, aminoglycosides, fluoroquinolones, and beta-lactams. This pattern of resistance significantly limits therapeutic options for both veterinary and human medicine (Agusi et al., 2024; Ajayi et al., 2023). ESBL-producing E. coli are particularly alarming because they confer resistance to third-generation cephalosporins and other beta-lactam antibiotics, which are critical for treating severe infections. Genes such as blaTEM, blaSHV, and blaCTX-M have been frequently detected in poultry-associated isolates, indicating widespread dissemination of resistance determinants (Ibrahim et al., 2022).
Globally, resistant E. coli from poultry have been reported in Asia, Europe, and Africa, reflecting the universal nature of the problem (Nhung et al., 2021). In Nigeria, several studies have confirmed the presence of MDR and ESBL-producing E. coli in poultry farms and retail chicken meat, with particularly high prevalence in northern regions including Sokoto (Adeboye et al., 2023; Ahmed et al., 2023). These findings underscore the urgent need for localized surveillance to monitor resistance trends and inform interventions.
The public health implications of antimicrobial resistance in poultry-associated E. coli are profound. Resistant strains can enter the human food chain and compromise treatment outcomes, while resistance genes carried by E. coli can be transferred to other pathogenic bacteria, amplifying the AMR crisis (Mshana et al., 2020). This situation represents a serious One Health challenge, linking animal, human, and environmental health, and necessitating coordinated action to reduce antimicrobial misuse in poultry production.
Poultry-associated E. coli are important reservoirs of antimicrobial resistance, with multidrug resistance and ESBL production posing significant threats to public health. Continuous monitoring and molecular characterization of resistance genes are essential to guide antimicrobial stewardship and safeguard both animal and human health.
[bookmark: _Toc212881739]2.4 Mechanisms of Antimicrobial Resistance in E. coli
Escherichia coli exhibits remarkable adaptability in acquiring and expressing resistance to multiple classes of antibiotics. The mechanisms of antimicrobial resistance (AMR) in E. coli can be broadly categorized into intrinsic resistance, acquired genetic mechanisms, and adaptive responses. Together, these mechanisms enable the bacterium to withstand therapeutic interventions and act as a reservoir for resistance determinants transmissible to other pathogens (Partridge, 2021).
One of the most important mechanisms is enzymatic drug inactivation, particularly through the production of beta-lactamases. Beta-lactamases hydrolyze the beta-lactam ring of penicillins and cephalosporins, rendering these antibiotics ineffective. Of particular concern are extended-spectrum beta-lactamases (ESBLs), such as TEM, SHV, and CTX-M, which confer resistance to third-generation cephalosporins. ESBL-producing E. coli are increasingly reported in both clinical and poultry isolates and are associated with multidrug resistance (Shaikh, 2022). In addition, the emergence of carbapenemases such as NDM-1 and OXA-type enzymes further threatens treatment outcomes by compromising last-resort antibiotics (Ahmed, 2023).
Another significant mechanism is reduced permeability of the bacterial outer membrane. Alterations in porin proteins decrease the entry of antibiotics such as beta-lactams and fluoroquinolones into the bacterial cell. This reduced permeability often works synergistically with other resistance mechanisms to increase overall tolerance (Yuan, 2021).
Efflux pumps also play a major role in resistance by actively transporting antibiotics out of the bacterial cell. In E. coli, efflux systems such as AcrAB-TolC contribute to resistance against tetracyclines, fluoroquinolones, chloramphenicol, and certain beta-lactams. Overexpression of these pumps has been associated with multidrug-resistant phenotypes (Tadesse, 2022).
Resistance can also arise through target modification, where mutations alter the binding sites of antibiotics. For example, point mutations in DNA gyrase (gyrA) and topoisomerase IV (parC) genes confer resistance to fluoroquinolones. Similarly, ribosomal modifications or methylation of 23S rRNA confer resistance to macrolides and aminoglycosides (Bortolaia, 2021).
E. coli readily acquires resistance genes via horizontal gene transfer (HGT) mechanisms, including plasmids, integrons, and transposons. This facilitates the spread of resistance determinants not only within E. coli populations but also to other pathogenic bacteria. Mobile genetic elements carrying ESBL and carbapenemase genes are particularly problematic, as they allow rapid dissemination of resistance across animal, environmental, and human ecosystems (Mshana, 2020).
[bookmark: _Toc212881740]2.5 Extended-Spectrum Beta-Lactamases (ESBLs) in E. coli
Extended-spectrum beta-lactamases (ESBLs) are enzymes that hydrolyze a broad range of beta-lactam antibiotics, including third-generation cephalosporins and monobactams, while remaining susceptible to inhibition by beta-lactamase inhibitors such as clavulanic acid. These enzymes are clinically significant because they render many commonly used antibiotics ineffective, leaving limited therapeutic options for the treatment of infections caused by ESBL-producing bacteria (Shaikh, 2022).
In Escherichia coli, ESBL production is primarily mediated by genes belonging to three major families: TEM, SHV, and CTX-M. The TEM and SHV enzymes were historically the first to be described, but in recent years, CTX-M-type ESBLs have become the most prevalent globally. The CTX-M group is particularly concerning because of its rapid dissemination, high activity against cefotaxime, and association with multidrug-resistant plasmids (Partridge, 2021).
Poultry has been identified as an important reservoir of ESBL-producing E. coli. Resistant strains have been isolated from chickens, chicken meat, and poultry farm environments in various parts of the world. These isolates often carry plasmid-mediated ESBL genes that can be transferred horizontally to other bacteria, including pathogenic strains affecting humans (Nhung, 2021). The spread of ESBL-producing E. coli along the food chain highlights the One Health dimension of antimicrobial resistance, where animal, human, and environmental health are interconnected.
Recent studies have reported alarming trends in the prevalence of ESBL-producing E. coli from poultry. For example, a study in Bangladesh detected ESBL genes in over 80% of E. coli isolates from chicken meat, with blaTEM being the most frequently identified, followed by blaSHV and blaCTX-M (Ahmed, 2023). In Nigeria, research has also shown increasing detection of these genes in poultry isolates, raising concerns about the transfer of resistance to human pathogens (Adeboye, 2023).
The clinical and public health implications of ESBL production in E. coli are profound. Infections caused by ESBL-producing strains are associated with delayed treatment, higher healthcare costs, prolonged hospital stays, and increased morbidity and mortality. Moreover, ESBL-producing E. coli often exhibit resistance to other antibiotic classes such as fluoroquinolones, aminoglycosides, and tetracyclines, resulting in multidrug resistance (Yuan, 2021).
[bookmark: _Toc212881741]2.6 Public Health Implications of AMR in Poultry
The presence of antimicrobial-resistant bacteria in poultry has significant public health implications, particularly in regions where poultry meat is a major source of affordable protein. Resistant Escherichia coli strains originating from poultry can be transmitted to humans through several pathways, including direct handling of live birds, consumption of contaminated meat, and environmental exposure to poultry waste. Once acquired, these resistant strains can cause infections that are difficult to treat, thereby undermining the effectiveness of commonly used antibiotics (WHO, 2023; Shaikh et al., 2022).
One of the most concerning aspects of poultry-associated AMR is the production of extended-spectrum beta-lactamases (ESBLs) by E. coli. ESBL-producing strains confer resistance to third-generation cephalosporins and other beta-lactam antibiotics, which are critical for treating severe infections in humans. The spread of ESBL genes such as blaTEM, blaSHV, and blaCTX-M from poultry to humans represents a serious threat to public health, as these genes can be transferred horizontally to other pathogenic bacteria, amplifying the AMR crisis (Ahmed et al., 2023; Ibrahim et al., 2022).
Multidrug-resistant (MDR) E. coli in poultry further complicates treatment outcomes. Resistance to multiple classes of antibiotics, including fluoroquinolones, tetracyclines, and aminoglycosides, reduces therapeutic options and increases the risk of treatment failure (Agusi et al., 2024; Ajayi et al., 2023). Infections caused by MDR strains often require the use of last-resort antibiotics, which are more expensive, less accessible, and associated with greater toxicity.
The public health burden of AMR in poultry is not limited to individual infections. Resistant bacteria and resistance genes can spread within communities and healthcare settings, contributing to outbreaks of untreatable infections. This situation increases healthcare costs, prolongs hospital stays, and threatens food security by undermining consumer confidence in poultry products (Aworh et al., 2019; Nhung et al., 2021).
From a One Health perspective, AMR in poultry links animal, human, and environmental health. Poultry waste containing resistant bacteria can contaminate soil and water, facilitating the spread of resistance beyond the farm environment. This interconnectedness underscores the need for integrated surveillance and coordinated interventions to reduce antimicrobial misuse in poultry production and safeguard public health (Mshana et al., 2020).
In summary, antimicrobial resistance in poultry-associated E. coli poses a serious public health challenge by increasing the risk of foodborne transmission, limiting treatment options, and amplifying resistance across microbial populations. Addressing this issue requires a One Health approach that integrates veterinary, medical, and environmental strategies.
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[bookmark: _Toc212881745]Table 3.1.1 list of laboratory Instruments Used in the Study
	Instrument
	Model / Manufacturer

	Autoclave
	Astell Scientific, UK

	Incubator
	Memmert, Germany

	Hot air oven
	Genlab, UK

	Analytical balance
	Mettler Toledo, USA

	Micropipettes
	Eppendorf, Germany

	UV Transilluminator
	Bio-Rad, USA

	Electrophoresis tank and power pack
	Major Science, Taiwan

	Colony counter
	Stuart Scientific, UK

	Refrigerator (4°C)
	LG, Korea

	Eppendorf tubes
	Eppendorf, Germany



[bookmark: _Toc212881746]Table 3.1.2 list of glass wares Used in the Study
	Glass ware
	Grade	
	Manufacturer

	Pyrex test tubes
	20ml
	S.Pyrex, England

	Pyrex conical flask
	250ml
	S.Pyrex, England

	Pipette
	10ml
	S.Pyrex, England





[bookmark: _Toc212881747]Table 3.1.3 list of reagents Used in the Study
	Reagents
	Manufacturers

	MacConkey agar
	HiMedia Laboratories, India

	Eosin Methylene Blue agar
	Oxoid, UK

	Nutrient agar
	HiMedia Laboratories, India

	Mueller Hinton agar
	Oxoid, UK

	IMViC test reagents
	Sigma Aldrich, USA

	Catalase reagent (3 percent H₂O₂)
	BDH Chemicals, UK

	Urease test medium
	HiMedia Laboratories, India

	Citrate utilization medium (Simmons)
	Merck, Germany

	Sugar fermentation media
	HiMedia Laboratories, India

	Antibiotic discs (tetracycline, ampicillin, levofloxacin, amoxicillin, ciprofloxacin).
	Oxoid, UK

	Trans Plasmid Extraction Kit
	TransGen Biotech, China

	Agarose powder
	Promega Corporation, USA

	Ethidium bromide
	Sigma Aldrich, USA

	1 kb DNA ladder
	New England Biolabs, USA



[bookmark: _Toc212881748]3.2 METHODS 
[bookmark: _Toc212881749]3.2.1 Study Area
The study was conducted in four different locations in different local government in Sokoto state, Nigeria. This area was selected due to its high poultry production activities and the widespread consumption of chicken meat. Poultry farming is a major source of livelihood in the region, with numerous small- and medium-scale farms supplying live birds and chicken meat to households and commercial outlets. Retail points, including markets, slaughter slabs, and houses, serve as the main sampling locations. Conducting the study in this area will provide relevant data that reflect local production practices and antimicrobial usage patterns, thereby generating information that is valuable for public health and veterinary interventions.
[bookmark: _Toc212881750]3.2.2 Study Population (Chicken Samples)
The study population consists of feces/stool and raw chicken meat samples collected from different retail outlets within Sokoto Metropolis. Both chicken feces/stool and chicken parts (such as thighs, wings, and intestine) was targeted to ensure diversity in sample sources. Chickens are selected because they are widely consumed in Nigeria and serve as a common vehicle for the transmission of foodborne pathogens. Since E. coli is a commensal organism in poultry intestines, it can contaminate meat during slaughter and processing. The focus on chicken samples therefore provide insight into the potential risks of antimicrobial-resistant E. coli being transmitted to humans through food.
[bookmark: _Toc212881751]3.2.3 Sample Size Determination and Sampling Technique
25 samples were collected for this study. However due to resource constraints, a minimum of 14 samples were used and provided meaningful results, though with reduced statistical precision. Sampling was done using a stratified random sampling technique, ensuring that samples are collected from different retail outlets (markets, Houses, and slaughter slabs) to capture variability across sources.



[bookmark: _Toc212881752]3.2.4 Sample Collection and Transportation
Chicken samples (stool) was aseptically collected using sterile gloves, swab sticks, and sampling bags. Each sample was placed in a sterile, labeled polythene bag and transported to the microbiology laboratory. Care was taken to avoid cross-contamination during handling. Samples was processed within 24 hours of collection to preserve bacterial viability and reduce the risk of overgrowth of non-target organisms. Metadata such as location, type of outlet, and type of sample (whole or cut parts) was recorded for each collection to facilitate subsequent analysis.
[bookmark: _Toc212881753]3.2.5 Isolation and Identification of E. coli
Pre-enrichment and Selective Media
Each sample was homogenized in 225 mL of buffered peptone water and incubated at 37°C for 18–24 hours to enrich for E. coli. After incubation, a loopful of the enrichment broth was streaked onto Eosin Methylene Blue (EMB) agar plates and incubated at 37°C for 18–24 hours. Colonies exhibiting the characteristic metallic green sheen on EMB agar was presumptively identified as E. coli.
Biochemical Characterization
Presumptive colonies was subjected to standard biochemical tests for confirmation. These included the indole test, methyl red test, Voges–Proskauer test, citrate utilization test, triple sugar iron (TSI) agar test, and urease test. Isolates showing the typical biochemical profile of E. coli (indole-positive, methyl red-positive, citrate-negative, and gas production from glucose fermentation) was retained for further molecular confirmation.

[bookmark: _Toc212881754]3.2.6 Antimicrobial Susceptibility Testing
[bookmark: _Toc212881755]3.2.6.1 Disk Diffusion Method (CLSI Guidelines)
The antimicrobial susceptibility of the confirmed E. coli isolates was determined using the disk diffusion method on Mueller–Hinton agar, following Clinical and Laboratory Standards Institute (CLSI) guidelines. A 0.5 McFarland standard suspension of each isolate was prepared and inoculated uniformly onto the agar surface. Antibiotic disks was placed on the plates, and the plates was incubated at 37°C for 18–24 hours. The diameter of the inhibition zones was measured in millimeters and interpreted as susceptible, intermediate, or resistant according to CLSI breakpoints.
[bookmark: _Toc212881756]3.2.6.2 Panel of Antibiotics Tested
From a panel of 16 antibiotic classes (38 antibiotics) we made use of four (4) different antibiotics only including ciprofloxacin, Ampicillin, Ammoxylin, Tetracycline, and Levo, this is because they’re majorly the antibiotics being provided/given to the chickens in the poultry. This broad panel provided a comprehensive assessment of resistance patterns. The selection of antibiotics was based on those commonly used in both veterinary and human medicine, sectors ensuring that the study results have relevance for public health.
[bookmark: _Toc212881757]3.2.7 Detection of Extended-Spectrum Beta-Lactamases (ESBLs)
[bookmark: _Toc212881758]3.2.7.1 Phenotypic Screening. 
All isolates showing reduced susceptibility to Ampicillin antibiotics was screen for Extended-Spectrum Beta-Lactamase (ESBL) production by adding Ampicillin antibiotic to each isolated sample. In this method the Ampicillin antibiotic would be added to each of the four different test tubes containing isolates of E.coli bacteria, and incubated for 24 hours in a shaker incubator. Presence of cloudy/thick substance shows presence of ESBL. Those without this thick substance shows that the bacteria were sensitive to the Ampicillin antibiotics    
[bookmark: _Toc212881759]3.2.8 Molecular Confirmation of genomic DNA and plasmid DNA (Gel Electrophoresis)
The Genomic and plasmid DNA from the isolates was confirmed using agarose gel electrophoresis, a method that separates DNA based on size and shape. A 1.5% agarose gel was prepared in TAE/TBE buffer, mixed with a DNA stain, poured into a casting tray, and allowed to solidify. DNA samples mixed with loading dye was loaded into the wells alongside a DNA ladder. The gel was run at 80–120 V for 45–60 minutes. After electrophoresis, the gel was then viewed under UV or blue light.
Plasmid DNA appear as multiple bands due to different conformations, while genomic DNA showed as a large, high-molecular-weight band or smear. These patterns confirm the presence, purity, and condition of the extracted DNA, allowing detection of degradation or contamination.
[bookmark: _Toc212881760]
CHAPTER FOUR
[bookmark: _Toc212881761]RESULTS, DISCUSSION CONCLUSION AND RECOMMENDATION 
[bookmark: _Toc212881762]4.1 RESULTS
This chapter presents the findings obtained from the laboratory analyses carried out on chicken droppings collected from Kofar Nama, NTA and Kwanawa. The results are presented under the morphological and biochemical characterization of isolates, the distribution of the identified organisms across the sampling locations and the antimicrobial susceptibility patterns of the confirmed Escherichia coli isolates. 
[bookmark: _Toc212881763]4.1.1 Morphological and Biochemical Identification of Isolates
All fourteen isolates recovered from the chicken droppings were subjected to Gram staining and a series of biochemical tests to determine their identity. The biochemical reactions observed are presented in Table 4.1 below. 
Gram staining revealed that all isolates were Gram negative rods. Subsequent biochemical reactions enabled the classification of the isolates into Proteus species, Escherichia coli and Salmonella species. 

	S/N
	Sample Code
	Gram Reaction
	Catalase
	Lactose
	Glucose
	Sucrose
	Citrate
	Motility
	Indole
	Urease
	MR
	VP
	H₂S
	Gas
	Spore
	Starch
	Confirmed Species

	1.
	KofarNama
	G-ve rod
	+
	-
	+
	-
	+
	+
	+
	+
	+
	-
	-
	-
	-
	+
	ProteusRettgeri

	2.
	KofarNama
	G-ve rod
	+
	-
	+
	+
	+
	+
	-
	+
	+
	-
	+
	+
	-
	+
	Proteus Mirabilis

	3.
	KofarNama
	G-ve rod
	+
	-
	+
	+
	+
	+
	-
	+
	+
	-
	+
	+
	-
	+
	Proteus Mirabilis

	4.
	KofarNama
	G-ve rod
	+
	-
	+
	-
	-
	+
	+
	+
	+
	-
	+
	+
	-
	+
	Proteus Vulgaris

	5.
	KofarNama
	G-ve rod
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	-
	-
	-
	Proteus Rettgeri

	6.
	KofarNama
	G-ve rod
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	-
	-
	-
	Proteus Rettgeri

	7.
	KofarNama
	G-ve rod
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	-
	+
	-
	-
	E. coli

	8.
	KofarNama
	G-ve rod
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	-
	+
	-
	-
	E. coli

	9.
	NTA
	G-ve rod
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	-
	+
	-
	-
	E. coli

	10.
	NTA
	G-ve rod
	+
	-
	+
	+
	+
	+
	-
	+
	+
	-
	+
	+
	-
	+
	Proteus Mirabilis

	11.
	NTA
	G-ve rod
	+
	-
	+
	-
	-
	+
	-
	-
	+
	-
	+
	-
	-
	-
	Salmonella

	12.
	Kwanawa
	G-ve rod
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	-
	+
	-
	-
	E. coli

	13.
	Kwanawa
	G-ve rod
	+
	-
	+
	-
	-
	+
	-
	-
	+
	-
	+
	-
	-
	-
	Salmonella

	14.
	Kwanawa
	G-ve rod
	+
	-
	+
	-
	-
	+
	-
	-
	+
	-
	-
	+
	-
	-
	Salmonella


 [bookmark: _Toc212881764]Table 4.1 Biochemical Identification of Bacterial Isolates from Chicken Droppings

The biochemical findings revealed a diverse bacterial population in the collected samples-. The majority of isolates belonged to the genus Proteus, with Proteus mirabilis, Proteus rettgeri and Proteus vulgaris appearing repeatedly in different samples. The repeated recovery of these organisms suggests that they constitute a major component of the enteric flora of chickens in the sampled areas. Their biochemical profiles were consistent with expected characteristics such as positive catalase activity, strong motility and citrate utilization, as well as variable indole and urease reactions. The findings further demonstrated the presence of Escherichia coli in several samples. These isolates showed classical E. coli characteristics including lactose fermentation, indole positivity, motility and citrate negativity. The detection of E. coli is expected in chicken droppings because it is a normal gut inhabitant of poultry. Salmonella species were identified in some samples from NTA and Kwanawa, showing typical features such as negative lactose and sucrose fermentation, motility and positive methyl red reaction. The recovery of Salmonella from poultry droppings raises concerns due to its implication in foodborne infections.
[bookmark: _Toc212881765]4.3 Antimicrobial susceptibility testing (Sensitivity Test) 
Four confirmed Escherichia coli isolates were subjected to antibiotic susceptibility testing using Ciprofloxacin, Ampicillin, Amoxyl Tetracycline and Levofloxacin. The results are presented below:





[bookmark: _Toc212881766]Table 4.2: Antibacterial Activity of Selected Antibiotics on E. coli Isolates
	S/N
	Location / Isolate No.
	Ciprofloxacin (mm)
	Ampicillin
	Amoxyl (mm)
	Tetracycline (mm)
	Levofloxacin (mm)

	1
	Kofarnama (E. coli 1)
	22mm
	Resistant
	Resistant
	14mm
	18mm

	2
	Kofarnama (E. coli 4)
	14mm
	Resistant
	11mm
	Resistant
	12mm

	3
	NTA (E. coli 5)
	14mm
	Resistant
	Resistant
	Resistant
	12mm

	4
	kwanawa  (E.Coli 14 )
	14mm
	Resistant
	Resistant
	Resistant
	11mm



[image: E:\IMG-20251216-WA0000.jpg]
[bookmark: _Toc212881767]Fig 1. Antibacterial Activity of Selected Antibiotics on E. coli Isolates
Fig. 1 shows that the antibiotic susceptibility results reveal an important pattern in their zone of inhibition. Ciprofloxacin produced clear inhibition zones in all isolates, with the highest activity recorded at 22 mm in one isolate. This suggests that ciprofloxacin remains a relatively effective drug against poultry-associated E. coli in the study area. The uniform resistance of all isolates to ampicillin demonstrates widespread resistance to beta-lactam antibiotics, a phenomenon widely reported in poultry due to the long-term and often unregulated use of these drugs in livestock production. Resistance to amoxicillin followed a similar pattern, with only one isolate showing weak susceptibility. The complete resistance to tetracycline, except for a single isolate with moderate sensitivity, reflects the extensive and longstanding use of tetracycline in poultry farming for growth promotion and disease prevention. The isolates exhibited better susceptibility to levofloxacin, although inhibition zones ranged between 11 mm and 18p mm, indicating some degree of variation in response. 




(a)                                                         (b)
Fig 2. Antimicrobial susceptibility test of E. coli by disc diffusion method showing zone of inhibition (         )
The overall findings indicate that the E. coli isolates exhibited multidrug resistance, particularly against commonly used veterinary antibiotics. The relatively better performance of fluoroquinolones such as ciprofloxacin and levofloxacin suggest that resistance to these drugs may be developing more slowly, possibly due to more restricted access or lower levels of misuse. However, the variation observed in susceptibility suggests that resistance could emerge with continuous exposure.
[bookmark: _Toc212881769]4.4 Detection of Extended-spectrum Beta- Lactamases (ESBLs)
[bookmark: _Toc212881770]4.4.1. Phenotypic Screening
The detection of Extended-spectrum Beta-Lactamases (ESBLs) was carried out by assessing the isolate response to the β-lactam antibiotic (ampicillin). Four different E. coli cultures were prepared, and ampicillin was added to each of them. Isolates that showed reduced susceptibility to ampicillin were considered potential ESBL producers.
All isolates were screened for ESBL activity by introducing ampicillin into the four test tubes containing the E. coli cultures. The tubes were then incubated for 24 hours in a shaking incubator. After incubation, the cultures were examined for growth. The presence of cloudy or thick turbidity indicated resistance to the antibiotic, suggesting ESBL production. Tubes that remained clear indicated that the bacteria were sensitive to ampicillin and therefore not producing ESBL.
[bookmark: _Toc212881771][image: ]          Fig 3. Phenotypic detection of Extended-spectrum Beta- Lactamases (ESBLs)
[bookmark: _Toc212881772]4.5 Molecular Confirmation of Genomic DNA and Plasmid DNA (Gel Electrophoresis)
The molecular confirmation carried out through agarose gel electrophoresis successfully verified the presence of plasmid DNA in all tested samples. The gel profile exhibited two major DNA populations: high-molecular-weight genomic DNA near the wells and lower-molecular-weight plasmid DNA migrating further down the gel. The detection of plasmid bands confirms that the transformation and subsequent plasmid extraction were successful. This indicates that the bacterial host cells contained the target plasmid and that the alkaline lysis extraction method effectively released plasmid DNA.
However, the presence of strong genomic DNA bands across the lanes demonstrates that genomic DNA contamination occurred during the extraction process. This contamination is commonly encountered when the lysis or neutralization steps are not optimally performed. Harsh pipetting or excessive vortexing can shear chromosomal DNA into smaller fragments, preventing it from efficiently precipitating and allowing it to remain in the final eluate. Similarly, incomplete neutralization can result in insufficient aggregation of genomic DNA and cell debris. The prominence of genomic DNA in the samples suggests that improvements in technique are needed to enhance plasmid purity.
Despite this contamination, the plasmid DNA obtained appears to be of adequate quality for most downstream applications, such as PCR amplification, restriction digestion, and sequencing. The presence of multiple plasmid conformations supercoiled, open circular and possibly linear further confirms the integrity of the extracted plasmid. Supercoiled plasmids migrate faster and are typically predominant in healthy extractions, while nicked or relaxed forms may arise during handling or due to slight damage to the plasmid backbone. These conformations do not negatively impact functional applications unless extremely high purity is required.
The results highlight the importance of careful handling during plasmid extraction to minimize genomic DNA carryover. Improvements such as gentle mixing, longer neutralization times, and column-based purification methods may significantly reduce contamination levels. Nevertheless, the clear plasmid bands indicate that the experiment successfully achieved its main objective: molecular confirmation of plasmid presence in the bacterial cultures.
Overall, the electrophoresis results validate the success of the plasmid extraction but also emphasize the need for refining the protocol to improve DNA purity. This will enhance downstream performance and reliability in future molecular biology applications.
[image: ]
[bookmark: _Toc212881773]Fig 4. Molecular confirmation of genomic DNA and plasmid DNA
[bookmark: _Toc212881774] DISCUSSION 
This study assessed the bacterial diversity, antibiotic resistance patterns and molecular characteristics of isolates obtained from chicken droppings in Kofar Nama, NTA and Kwanawa. 
The biochemical results showed the presence of Proteus species, Escherichia coli and Salmonella species. Proteus occurred most frequently, especially in Kofar Nama, suggesting high microbial load and possible poor waste management. E. coli was found in all locations, reflecting its role as normal gut flora in poultry. The detection of Salmonella in NTA and Kwanawa is significant due to its public health implications as a foodborne pathogen.
The E. coli isolates showed multidrug resistance. Complete resistance to ampicillin, amoxicillin and tetracycline indicates the heavy use of these drugs in poultry production. Fluoroquinolones (ciprofloxacin and levofloxacin) were more effective, though inhibition zones varied. This suggests that while fluoroquinolone resistance is not yet widespread, it may emerge with continued misuse.
All isolates grew in the presence of ampicillin, indicating ESBL production. This demonstrates that some poultry bacteria have acquired enzymes capable of breaking down β-lactam antibiotics, contributing to treatment challenges and the spread of resistance genes.
Gel electrophoresis confirmed the presence of both genomic and plasmid DNA. Plasmid DNA bands indicate that the isolates carry plasmids which may encode antibiotic resistance. Some genomic DNA contamination was observed, but the plasmid DNA quality was adequate for further molecular work.
Kofar Nama had the highest number and diversity of isolates. NTA and Kwanawa had fewer isolates but still contained E. coli and Salmonella. This shows that bacterial contamination is broad and not limited to one location. 
These findings emphasize the need for controlled antibiotic use in poultry farms, improved hygiene practices, and stronger surveillance to detect emerging antimicrobial resistance early. The presence of pathogenic and resistant bacteria in poultry droppings reinforces the importance of adopting safe handling practices across the poultry production chain.
[bookmark: _Toc212881775]CONCLUSION
The results of this research demonstrate clearly that chicken droppings in the study areas contain a wide range of enteric bacteria, including species with substantial health implications. The dominance of Proteus species reflects typical enteric microbial ecology in poultry environments, while the presence of E. coli and Salmonella confirms possible routes of contamination capable of affecting both poultry and human health. The antimicrobial susceptibility profile of the E. coli isolates reveals a disturbing pattern of multidrug resistance, especially to commonly used antibiotics such as Ampicillin, Amoxyl and tetracycline. These findings strongly suggest that antibiotics may be used frequently and perhaps inappropriately in these poultry systems, contributing to the accelerated development of resistant strains.
The study concludes that multidrug resistant bacteria, including E. coli and pathogenic Salmonella, may be widespread in poultry droppings within the sampled locations. This poses a real threat to public health, as resistant organisms can spread through improper waste disposal, contaminated equipment, exposure of farm workers and the consumption of under processed poultry products. There is an urgent need to address these risks through better farm management, improved hygiene practices and stricter antibiotic regulation. Without deliberate interventions, the spread of resistant organisms may continue, further compromising the efficacy of essential antibiotics in both humans and animals. 
[bookmark: _Toc212881776]RECOMMENDATIONS
1. it’s recommended that Regular surveillance and monitoring of antimicrobial resistance (AMR) patterns in E. coli isolates from chickens in Sokoto should be conducted to detect emerging resistance trends early and to update treatment guidelines effectively.
2. Further molecular studies should be encouraged and conducted to identify and characterize the resistance genes prevalent in poultry E. coli isolates in Sokoto, in order to guide targeted interventions and inform policy formulation.
3. Education and awareness campaigns should be promoted for poultry handlers, sellers, and farmers on the risks of inappropriate antibiotic use, poor hygiene practices, and the benefits of safer alternatives such as probiotics and vaccination.
4. Proper management and disposal of poultry waste should be implemented to prevent environmental contamination with resistant E. coli strains, which have been detected at concerning levels in local chickens, particularly layers and broilers.
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