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ABSTRACT
Background: Poultry, particularly chickens, are a major source of protein worldwide. However, the overuse of antibiotics in poultry farming has led to the emergence of multidrug-resistant (MDR) bacteria, which can pose serious public health risks. The cloacal region of chickens can harbor these resistant bacteria, which may enter the food chain during slaughter and processing. Molecular characterization of these pathogens helps in identifying resistance genes and tracking their spread. 
Aim: The study aims to isolate and molecularly characterize multidrug-resistant bacteria from cloacal swab samples of slaughtered chickens in Bauchi Metropolis.
Place and Duration of Study: This study was carried out in the Abubakar Tafawa Balewa University (ATBU), Bauchi, Nigeria, in a period extended from August 2024 to March 2025. 
Results:  In the study, the multidrug resistance (MDR) profiles of bacterial isolates were analyzed across various antibiotic groups. Escherichia coli exhibited the highest resistance, with 51.4% of isolates resistant to beta-lactams, followed by 22.8% to fluoroquinolones. Enterobacter aerogenes showed significant resistance as well, with 35.7% to beta-lactams and 28.5% to aminoglycosides. Among all tested species, Shigella showed notable resistance, particularly to aminoglycosides (50%) and fluoroquinolones (50%). The study also revealed that 10% of bacterial isolates (including Escherichia coli, Salmonella typhi, and Klebsiella pneumoniae) were resistant to both beta-lactams and aminoglycosides, with E. coli making up 40% of this dual resistance group. Molecular analysis of MDR isolates showed that 60% of E. coli strains carried targeted MDR genes, blaSHV, blaCTX-M, while 20% of Klebsiella pneumoniae and Streptococcus pyogenes isolates carried   aac(6')-Ia gene. 
Methodology:  A total of 111 bacterial isolates were collected from a previous study for molecular analysis. The antimicrobial resistance patterns of these isolates were determined using the disc diffusion method on Mueller-Hinton Agar, testing against beta-lactam and aminoglycoside classes of antibiotics. DNA extraction was performed using the Accu Prep Genomic DNA Extraction Kit, followed by Polymerase Chain Reaction (PCR) to amplify specific resistance genes related to beta-lactam and aminoglycoside resistance. The PCR products were visualized through agarose gel electrophoresis to confirm the presence of the target resistance genes. The study aimed to identify genetic factors contributing to resistance and determine the prevalence of multidrug-resistant strains in poultry, with a focus on beta-lactam and aminoglycoside resistance.
Conclusion:  This study confirms the high prevalence of multidrug-resistant (MDR) bacteria, particularly Escherichia coli, with significant resistance to beta-lactam and aminoglycoside antibiotics. Molecular analysis revealed that only half of the phenotypically resistant isolates carried known MDR genes, highlighting the complexity of resistance mechanisms. The findings underscore the urgent need for targeted surveillance, prudent antibiotic use, and further molecular studies to better understand and combat the spread of MDR bacteria, especially in environments with heavy antibiotic exposure like poultry farms.
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1. INTRODUCTION
Poultry farming is widely practiced worldwide due to its economic significance. It serves as a vital source of income for farmers and provides affordable animal protein, through meat and eggs, for consumers. Its popularity stems from relatively low production costs and minimal religious or cultural restrictions on consumption. Currently, poultry meat accounts for approximately 35% of global meat consumption. [1]
In Nigeria, particularly in Bauchi, common poultry species include chickens, ducks, guinea fowls, quails, geese, turkeys, and pigeons. Chickens are reared using three main systems: free-range, semi-intensive, and intensive. In rural areas of Nigeria and other developing nations, the free-range or backyard system, also known as village poultry, is most prevalent due to its low capital requirements and minimal biosecurity measures [1,3]. Indigenous African poultry breeds are commonly raised in these systems and are more resilient to diseases and harsh environmental conditions than commercial breeds, though they are genetically diverse [3].
The rising demand for poultry products has led to increased intensification in poultry production over the last century. Today, poultry biomass represents about 70% of the global bird biomass [5,6] Intensive systems often involve high-density populations of genetically similar birds, increasing vulnerability to infectious disease outbreaks, which pose risks to food security and economic stability [7].
The introduction of antibiotics significantly transformed both human and veterinary medicine, reducing morbidity and mortality by effectively managing bacterial infections and enhancing food safety [8]. However, excessive use of antibiotics has accelerated the emergence and spread of multidrug-resistant (MDR) microorganisms, a growing global health concern [9]. The World Health Organization (WHO) officially recognized antimicrobial resistance (AMR) as a global threat in the year 2000. Projections suggest that by 2050, deaths due to resistant bacterial infections could surpass those caused by cancer [10].
Monitoring (AMR) in poultry has long been challenged by financial and technological barriers. Traditional culture-based methods, which rely on isolating and testing indicator microorganisms, are limited in scope because they only detect bacteria that are easy to grow in laboratory conditions. This is a significant constraint, as less than 20% of the gut microbiota can be cultured using standard techniques, resulting in an incomplete picture of resistance dynamics in poultry environments [9,11]. Beta-lactam antibiotics (BLAs), such as penicillin, have historically been a cornerstone of antimicrobial therapy and are still widely used, comprising up to 65% of injectable antibiotic prescriptions in some regions. However, their extensive and often indiscriminate use has driven the evolution of beta-lactamase enzymes that break down the antibiotic's core structure, rendering it ineffective [12]. The most clinically significant beta-lactamase families include AmpC, carbapenemases, and extended-spectrum beta-lactamases (ESBLs). AmpC enzymes, like those encoded by the plasmid-mediated blaCMY gene, confer resistance to cephalosporins and are increasingly common in Gram-negative bacteria such as E. coli. Similarly, carbapenemases such as blaOXA compromise last-resort antibiotics like carbapenems, while ESBL genes including blaCTX-M, blaSHV, and blaTEM enable bacteria to resist a broad spectrum of beta-lactam antibiotics. The global spread of ESBLs, particularly blaCTX-M, with over 300 known variants, underscores their growing impact on both veterinary and human medicine [9,12,13]. 
In parallel, resistance to aminoglycosides has emerged as a serious concern, particularly high-level aminoglycoside resistance (HLAR), which eliminates the synergistic efficacy of aminoglycosides in combination therapies. The most clinically significant resistance gene in this category is aac(6′)-Ie–aph(2″)-Ia, a bifunctional gene that confers resistance to gentamicin, kanamycin, and tobramycin, with minimum inhibitory concentrations often exceeding 2000 µg/mL. HLAR was first documented in the late 1970s and has since been reported globally, with some regions reporting prevalence rates of 43–69% [7,14,16]. In addition to AME gene acquisition, bacteria also develop aminoglycoside resistance through reduced membrane permeability and ribosomal target modifications. Mobile genetic elements such as integrons further complicate resistance dynamics. Though traditionally associated with Gram-negative bacteria, integrons have been identified in Gram-positive species as well. These genetic platforms facilitate the acquisition and horizontal transfer of resistance genes across diverse bacterial populations. For instance, the aadA gene associated with streptomycin resistance has been linked to class 1 integrons, and similar integrons have been found in Gram-positive isolates from China, indicating the cross-species mobility of these resistance factors [11].
Molecular methods like PCR have enhanced the ability to detect specific resistance genes quickly and with high sensitivity. However, these techniques are limited to identifying known genes and mechanisms, making them less suitable for comprehensive AMR surveillance in complex environments like the poultry gut [12].
 The increasing prevalence of both beta-lactam and aminoglycoside resistance genes in bacteria associated with poultry highlights a critical need for more advanced and inclusive monitoring strategies. While molecular tools offer improved sensitivity, they must be complemented by approaches that can capture the full spectrum of resistance determinants—including unculturable microbiota and mobile genetic elements. Strengthening surveillance systems is essential to understanding AMR trends, guiding antibiotic stewardship, and mitigating the public health risks posed by multidrug-resistant bacterial pathogens in food-producing animals.




2.0 MATERIALS AND METHODS
2.1 Study Area
Bauchi State is situated between latitudes 9°03′ and 12°03′ North of the equator and spans longitudes 8°05′ to 11°00′ East of the Greenwich Meridian. The research was conducted in the Microbiology Laboratory of Abubakar Tafawa Balewa University (ATBU), located in Bauchi. The region is primarily characterized by a tropical Sudan Savannah climate and is known for its vibrant agricultural practices, ranging from small-scale to large-scale farming. These activities notably include poultry farming and cattle husbandry.
2.2 Sample Collection        
A total of 111 multidrug resistant (MDR) bacterial isolates were collected from my previous study under review title: Antimicrobial activity of Vernonia amygdalina leaves aqueous extracts against Multidrug-resistant bacterial isolates from poultry chickens in Bauchi metropolis and were processed for Molecular analysis at Microbiology Laboratory of Abubakar Tafawa Balewa University (ATBU) for Processing according to standard laboratory techniques as described by [7].
2.3 Sample Processing    
Antimicrobial Resistant pattern was conducted using the disc diffusion method on Mueller-Hinton agar (Himedia, India) with bacterial concentrations standardized to 0.5 McFarland units, to screen MDR bacterial isolates that are found resistant to two or more Beta-lactams and Aminoglycoside antibiotics Following CLSI guidelines (2018) s. For Beta-lactam the following antibiotics were use Amoxicillin, Ceftazidime and Ceftriaxone. Kanamycin, Gentamycin and Streptomycin was used for to screen for aminoglycoside MDR bacterial isolates [18]. 
Genomic DNA was extracted from freshly cultured bacterial cells using the Accu-Prep Genomic DNA Extraction Kit (Bioneer), following the manufacturer's instructions with minor adjustments. Approximately 200 μl of cultured bacterial cells were transferred into a microcentrifuge tube containing 20 μl of Proteinase K..To this mixture, 200 μl of Binding Buffer (GC) was added and mixed immediately using a vortex mixer. The sample was then incubated at 60°C for 10 minutes to facilitate cell lysis. After incubation, 100 μl of isopropanol was added and mixed gently by pipetting (vortexing was avoided to prevent reduced DNA yield). The sample was briefly centrifuged to collect any liquid clinging to the lid. The lysate was carefully transferred into the Binding column tube, fitted into a 2 ml collection tube, without wetting the rim. The tube was centrifuged at 8,000 rpm for 1 minute. The Binding column was then placed into a new 2 ml collection tube. 500 μl of Washing Buffer 1 (W1) was added and centrifuged at 8,000 rpm for 1 minute, after which the flow-through was discarded. Next, 500 μl of Washing Buffer 2 (W2) was added to the column, taking care not to wet the rim. It was centrifuged again at 8,000 rpm for 1 minute, followed by an additional spin at 12,000 rpm for 1 minute to ensure complete removal of ethanol. The Binding column was transferred to a clean 1.5 ml microcentrifuge tube for the elution step. 200 μl of Elution Buffer was added directly to the center of the column membrane and left to stand at room temperature for at least 1 minute to allow complete absorption. Finally, the tube was centrifuged at 8,000 rpm for 1 minute to elute the genomic DNA, which was immediately or stored at 4°C for further analysis [19]. 
Polymerase Chain Reaction (PCR) was carried out using the Accu Power Hot Start PCR Premix (Bioneer). Each reaction tube included 16 μl of distilled water, 1 μl of each primer (forward and reverse), and 2 μl of DNA template. PCR amplification for aminoglycoside-resistant genes was performed using a thermal cycler (PTC 100, MJ Research) under the following conditions: initial denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 50°C for 30 seconds, and extension at 72°C for 1 minute. A final extension step was conducted at 72°C for 5 minutes. PCR amplification for beta-lactam-resistant genes followed the same protocol, except that the annealing temperature was set at 55°C [20]. 
The presence of PCR products was confirmed by agarose gel electrophoresis. A 1.5% agarose gel was prepared by dissolving 3 g of agarose in TAE buffer. The mixture was heated in a microwave until fully dissolved and then cooled to 50–55°C. Once cooled, 5 μl of ethidium bromide was added, and the solution was poured into a gel casting tray with combs inserted. After the gel solidified (15–30 minutes at room temperature), the combs were gently removed to create wells. The gel was placed in an electrophoresis chamber and submerged in TAE buffer. DNA samples and a molecular weight ladder were loaded into the wells after being mixed with loading dye. Electrophoresis was conducted for 35 minutes at appropriate voltage. Upon completion, the gel was visualized under UV light, and the resulting DNA bands were photographed for documentation [21].
List 1-Characteristics of Primers and Sequence of Amplified Genes
	Primer/Gene Oligonucleotide Sequence (5’ to 3)
	Amplicon size (bp)
	References

	aac (6) la
	F CAGGAATTTATCGAAAATGGTAGAAAAG
	369
	[22]

	
	R- CACAATCGACTAAAGAGTACCAATC   
	
	

	aph(2) lb
	F- CTTGGACGCTGAGATATATGAGCAC  
	867
	[22]

	
	R-GTTTGTAGCAATTCAGAAACACCCTT      
	
	

	SHV
	F- CGCCTGTGTATTATCTCCCTGTTAGCC
	842
	[19]

	
	R- TTG CCA GTG CTC GATCAGCG
	
	

	CTX-M
	F-CGCTTTGCGATGTGCAG
	550
	[12]

	
	R-ACCGCGATATCGTTGGT
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In this study, the multidrug resistant pattern of MDR bacterial isolates to different group of antibiotics is shown in the table below, Beta-lactam and aminoglycoside drugs are the major target for the purpose of a successful amplification of the genes targeted in the study.
[bookmark: _Toc194402510][bookmark: _Toc194403623][bookmark: _Toc194774256]Table 1: Multidrug resistant Profiles of MDR Bacterial Isolates to different group of Antibiotics in this Study
	MDR Bacterial Species 
	No. of Isolates
	No. (%) of Bacterial Isolates and their MDR Pattern to different groups of antibiotics. (n=111)

	
	
	Beta-lactams   Aminoglycoside    Macrolide   Fluoroquinolones 

	Enterobacter aerogenes
	14
	05(35.7) 
	04(28.5)
	    02(14.2)
	03(21.4)

	Escherichia coli
	35
	18(51.4)
	04(11.4)
	    05(14.2)
	08(22.8)

	Proteus mirabilis
	11
	03(27.2)
	03(27.2)
	    03(27.2)
	02(18.8)

	Salmonella typhi
	13
	03(23.0)
	02(15.3)
	    04(30.7)
	04(30.7)

	Staphylococcus aureus     
	14
	04(28.5)
	0 2(14.2)
	    04(28.5)
	04(28.5)

	Streptococcus pyogenes
	16
	03(18.7)
	04(25.0)
	    05(31.2)
	04(25.0)

	Shigella species
	02
	00(0.0) 
	01(50.0)
	     00(0.0)
	01(50.0)

	Klebsiella pneumoniae
	06
	01(16.6)
	01(16.6)
	    02(33.3)
	02(33.3)


[bookmark: _Toc194402514][bookmark: _Toc194403627][bookmark: _Toc194774260]
Table 1 presents data on the number and percentage of multidrug-resistant (MDR) bacterial isolates that exhibit resistance to various classes of antibiotics, including Beta-lactams, Aminoglycosides, Macrolides, and Fluoroquinolones. The multidrug resistance (MDR) profiles of bacterial isolates were analyzed across various antibiotic groups. Escherichia coli exhibited the highest resistance, with 51.4% of isolates resistant to beta-lactams, followed by 11.4% resistance to aminoglycosides, 14.2% to macrolides, and 22.8% to fluoroquinolones. Enterobacter aerogenes showed significant resistance as well, with 35.7% to beta-lactams, 28.5% to aminoglycosides, and 21.4% to fluoroquinolones. Among all tested species, Shigella showed notable resistance, particularly to aminoglycosides (50%) and fluoroquinolones (50%), but no resistance to beta-lactams or macrolides. Proteus mirabilis demonstrated a more balanced resistance profile across beta-lactams, aminoglycosides, macrolides, and fluoroquinolones, with 27.2%, 27.2%, 27.2%, and 18.8% resistance, respectively. Overall, the study highlights that MDR E. coli isolates exhibited broad resistance profiles, affecting multiple antibiotic classes. This underscores the growing concern over the use of synthetic antibiotics, particularly in environments such as poultry farms where antibiotic use is prevalent and often unregulated. Such practices can exert selective pressure, accelerating the emergence and spread of resistant strains. [1] 
Given these findings, the study will primarily focus on Beta-lactam and Aminoglycoside-resistant MDR isolates in subsequent molecular analyses. This targeted approach aims to uncover the genetic mechanisms driving resistance in these critical antibiotic classes and contribute to the development of more effective antimicrobial stewardship strategies.
Table2: Multidrug-Resistant Bacterial isolates that are Resistant to Both Aminoglycoside and Beta-Lactams Antibiotics in this Study
	MDR Bacterial Species
	No. of MDR Isolates (n=10)
	 Percentage (%)

	Enterobacter aerogenes
	01
	10.0

	Escherichia coli
	04
	40.0

	Salmonella typhi
	02
	20.0

	Klebsiella pneumoniae
	01
	10.0

	Streptococcus pyogenes
	01
	10.0

	Staphylococcus aureus
	01
	10.0


In this study, approximately ten bacterial isolates exhibited resistance to both Beta-lactam and Aminoglycoside classes of conventional antibiotics. Among these, Escherichia coli displayed the highest rate of resistance, accounting for 40% of the dual-resistant isolates. This was followed by Salmonella typhi, which contributed 20%, while the remaining isolates each representing different bacterial species demonstrated 10% resistance each.
The observed resistance to these two important classes of antibiotics is concerning, particularly because Beta-lactam and Aminoglycoside antibiotics are widely used in both clinical and veterinary medicine to treat a broad range of bacterial infections [11,23]. The resistance mechanisms associated with these pathogens are often mediated by β-lactamase enzymes. These enzymes are capable of hydrolyzing the β-lactam ring found in penicillins and cephalosporins, rendering the drugs ineffective [24].
Importantly, bacterial pathogens that produce β-lactamases often possess genes located on mobile genetic elements such as plasmids. These elements can carry multiple resistance determinants, enabling the bacteria to withstand not only penicillins but also first-, second-, and third-generation cephalosporins. In addition, they may simultaneously carry genes that confer resistance to Aminoglycosides, further complicating treatment options. [24] 
Several well documented resistance genes contribute to this multidrug resistance profile. For Beta-lactam antibiotics, the most common genes include bla-SHV, bla-TEM, and bla-CTX-M, each of which is known to confer resistance by encoding extended-spectrum β-lactamases (ESBLs). In the case of Aminoglycosides, resistance is often mediated by modifying enzymes encoded by genes such as aac(6’)-Ib, aph(2”)-Ib, and aph(2”)-Ic. These genes chemically modify Aminoglycoside molecules, preventing them from binding effectively to bacterial ribosomes, thereby neutralizing their antimicrobial activity [24,25]. 
The co-existence of resistance genes for both Beta-lactams and Aminoglycosides in the same isolates highlights the potential for horizontal gene transfer and rapid dissemination of multidrug resistance within microbial communities [15,26]. This underscores the urgent need for robust antimicrobial stewardship, as well as continued surveillance and molecular characterization of resistance mechanisms. Further molecular analyses focusing on these specific resistance genes will provide deeper insights into the genetic basis of resistance and help inform targeted strategies for containment and treatment [27]. 
[image: ]
[bookmark: _Toc194402515][bookmark: _Toc194403628][bookmark: _Toc194774261]Figure 1: Agarose gel electrophoresis image of amplified multiplex PCR products Beta-Lactam (SHV and CTX-M) in the MDR Isolates
Lane M is a molecular ladder (1500bp), and E1, EB, KL, S1, S2, and STP are Escherichia coli, Enterobacter aerogenes, Klebsiella pneumoniae, Salmonella typhi, and Staphylococcus aureus, respectively. Lack Sulfhydryl Variable genes  (bla SHV) 842bp and Cefotaximase genes (CTX-M) 550bp. E2, E3, E4, and SPRT are Escherichia coli and Streptococcus pyogenes bands of amplified DNA-resistant genes. E2 and E3 are Escherichia coli showing DNA band of (bla SHV) 842bp genes, E2, E4, and STRP are E.coli and S. pyogenes showing DNA bands of (CTX-M) 550bp.
 Beta-lactam antibiotics (BLAs) have been declared the most successful antibiotic classes against most bacterial strains since the discovery of penicillin in 1929. This class of antibiotics accounts for up to 65% of all medical prescriptions for injectable antibiotics in some regions, including the USA, underscoring their widespread use in clinical practice [28]. Resistance to BLAs occurs through the production of beta-lactamase enzymes, such as plasmid-mediated AmpC enzymes and extended-spectrum β-lactamases [28].
The ESBL resistance genes that are commonly reported include blaCTX-M, blaSHV, and blaTEM. These genes encode enzymes that can hydrolyze and confer resistance to a wide range of beta-lactam antibiotics, including extended-spectrum cephalosporins. ESBL is considered one of the highly important mechanisms of antibiotic resistance in various Gram-negative bacteria. ESBLs have become increasingly prevalent across numerous regions worldwide and currently comprise three hundred variants [19]. These genes encoding beta-lactamases TEM and SHV have inflicted burdens on poultry and human health. blaCTX-M is a new class of ESBL genes that have gained global attraction recently. The SHV gene is the most frequently found in poultry and livestock environments [28].
Poultry farms represent an environment where antimicrobial use is prevalent to ensure birds' health and productivity. The exposure of birds to beta-lactam antibiotics provides a selective pressure favoring the emergence and dissemination of beta-lactam-resistant genes. The E. coli strain in their droppings can act as a repository of antimicrobial resistance genes, allowing for their dissemination into the soil, water bodies, and nearby ecosystems. This dissemination poses a risk of horizontal gene transfer, enabling resistance genes to spread to other bacteria, including potential human pathogens. [2]
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Figure 2: Agarose gel electrophoresis image of amplified multiplex PCR products Aminoglycoside genes (acc(6)-la,369bp) in ths MDR Isolates
Lane M is a molecular ladder (1500bp), E1, E2, E3, E4, EB, S1, S2, and STP are Escherichia coli, Enterobacter aerogenes, Salmonella typhi, and Staphylococcus aureus. These microorganisms shows absnce of the genes Aminoglycoside-6-N-acetyletransfarase aac (6)-la,369bp and Aminoglycoside-2-phosphotransferase aph(2)-lb, 867bp. KL and SPRT are klebsiella pneumoniae and Streptococcus pyogenes, which show faint bands of DNA genes aac (6)-la 369bp  that are responsible for resistance to aminoglycoside drugs.
Aminoglycosides, which directly target the bacterial ribosome, have been used for decades in human and veterinary medicine, leading to widespread resistance towards this class of antibiotics. Many bacteria have obtained resistance genes, which are often located on plasmids. The most relevant resistance mechanisms in the clinical setting are aminoglycoside-modifying Modifying Enzymes (AMEs) [28,29] which can be categorized into aminoglycoside N-acetyltransferases (AACs), aminoglycoside-O-nucleotide transferases (ANTs), and aminoglycoside O-phosphotransferases (APHs). Depending on their mode of action, these enzymes transfer a phosphate group, an acetyl group, or an adenosine monophosphate (AMP) to the aminoglycoside scaffold, resulting in reduced affinity of the antibiotic to the bacterial ribosome [2,22]. Previous studies have demonstrated a high prevalence of AMEs in enterotoxigenic K. pneumoniae isolates from pigs with some of the most abundant and clinically relevant resistance genes being aph( 2)-Ib and aac(6)-Ia others include (strAB), aac(3)-IV and aph(3′)-Ia10,12. The resistance genes used in this study are aph(2)-Ib and aac(6)-Ia encode for phosphate and Amino group and confer resistance to aminoglycoside-(2)-phosphotransferases and aminoglycosides-(6)-N-acetyltransferase both has a broad substrate specificity, which leads mainly to resistance against Gentamycin and a lower extend to Streptomycin and kanamycin (KAN) resistance [30-32].
Little is known about cellular changes that occur in aminoglycoside-resistant bacteria during treatment, even though this could be the key to targeting these bacteria in the future. Additionally, it has been debated if the bacterial ribosome might not be the only target of aminoglycosides, and it has been disputed if their bactericidal action could be linked to the formation of reactive oxygen species contributing to the bacterial cell death [2,33,34].
[bookmark: _Toc194774263]Multidrug-resistant bacterial Isolates Phenotypic and Genotypic Characteristics 
The phenotypic characteristics of the bacterial isolates are on resistance to multiple antibacterial agents, especially beta-lactams and aminoglycoside drugs, while the genotypic characteristics of the organism are based on the presence of MDR genes that are found in the isolates by visualizing PCR products.
[bookmark: _Toc194402516][bookmark: _Toc194403629][bookmark: _Toc194774264]Table 3: Phenotypic and Genotypic Profile of Multidrug Resistant Bacterial Isolates in this Study
	Bacterial Species
	No. (%) of Bacterial Isolates with MDR Phenotype (n=10)
	No. (%) of Bacterial Isolates with MDR Genes (n=5)

	Enterobacter aerogenes
	01 (10.0)
	00 (0.00)

	Escherichia coli
	04 (40.0)
	03 (60.0)

	Salmonella typhi
	02 (20.0)
	00 (0.00)

	Klebsiella pneumoniae
	01 (10.0)
	01 (20.0)

	Streptococcus pyogenes
	01 (10.0)
	01 (20.0)

	Staphylococcus aureus
	01 (10.0)
	00 (0.00)



In this study, a total of 10 multidrug-resistant (MDR) bacterial isolates were subjected to molecular analysis to detect the presence of specific MDR-associated genes. Out of these ten isolates, only five were found to carry the targeted resistance genes. The remaining isolates, while phenotypically resistant to multiple antibiotics, did not harbor the specific genes screened in this investigation, suggesting the presence of other resistance mechanisms or genes not included in the scope of this study.
Among the positive isolates, Escherichia coli showed the highest prevalence of the targeted MDR genes, accounting for approximately 60% of the gene-positive isolates. Klebsiella pneumoniae and Streptococcus pyogenes each contributed 20%, while the remaining isolates showed no presence of the specific MDR genes being investigated.
The study also revealed a discrepancy between phenotypic resistance (as observed in antimicrobial susceptibility testing) and the molecular detection of resistance genes. This suggests that the mere presence of resistance traits in laboratory tests does not always correlate with the detection of known MDR genes. A similar observation was previously reported by Omar [28] highlighting that not all phenotypic resistance is attributable to the common genes typically screened for in MDR studies.
Several factors may explain this inconsistency. Firstly, MDR genes may be located on the bacterial chromosome rather than on plasmids, making them less likely to be detected depending on the DNA extraction and targeting methods used. Secondly, some genes may be present but transcriptionally silent or expressed at low levels, which could result in a lack of phenotypic expression under laboratory conditions. Lastly, while gene expression can lead to elevated minimum inhibitory concentrations (MICs), this alone does not necessarily meet the threshold to classify an organism as multidrug-resistant, as resistance must occur across multiple antimicrobial categories to fit the definition [10,12,35]. 
These findings underscore the complexity of antimicrobial resistance and the importance of integrating both phenotypic and genotypic approaches for a more comprehensive understanding of MDR bacteria. Future studies should consider expanding the range of resistance genes targeted and exploring gene expression profiles to better elucidate the mechanisms underlying observed resistance.
4. CONCLUSION 
This study highlights the alarming prevalence of multidrug-resistant (MDR) bacteria, particularly Escherichia coli, in poultry environments in Bauchi State, Nigeria. Among the 111 MDR bacterial isolates examined, resistance to Beta-lactam and Aminoglycoside antibiotics was most prominent, with molecular analysis confirming the presence of critical resistance genes such as blaSHV, blaCTX-M, and aac(6')-Ia in selected isolates. Notably, only half of the phenotypically resistant isolates harbored the targeted resistance genes, indicating the presence of alternative or undetected resistance mechanisms. These findings underscore the need for robust, integrated surveillance systems that combine both phenotypic and genotypic methods to accurately monitor antimicrobial resistance (AMR). The continued use and misuse of antibiotics in poultry farming poses significant public health risks, emphasizing the urgent need for improved antibiotic stewardship, expanded molecular screening, and stricter biosecurity measures to curb the spread of MDR pathogens from animals to humans.
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