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ABSTRACT 

Antimicrobial-resistant bacteria, including Extended Spectrum Beta-Lactamase (ESBL) and 

O157-producing Escherichia coli, pose significant challenges to public health and poultry farming. 

This study was aimed at determining the prevalence of Extended Spectrum Beta-Lactamase 

(ESBL) and O157-producing Escherichia coli among broiler chickens in Abia State, Nigeria. A 

total of 334 cloacal swab samples were collected from broiler birds across various local 

government areas (LGAs), including both farms (156 samples) and central markets (178 samples). 

Isolation and identification of E. coli were performed using standard microbiological techniques, 

followed by screening for ESBL production using the Double Disc Synergy Test (DDST) and O157 

identification through the Latex Agglutination Test. The overall prevalence of E. coli was 80.8%, 

with a higher occurrence in market samples (86.5%) compared to farm samples (74.4%). 

Statistically significant (p=0.04) variability was observed across LGAs, with the highest E. coli 

prevalence in Aba South (95.2%) and the lowest in Umuahia North (63.3%). Among the isolates 

resistant to cephalosporins, 36 (43.9%) were confirmed as ESBL producers, with Ikwuano LGA 

exhibiting a 100% prevalence of ESBL-producing E. coli. Conversely, no resistance to third-

generation cephalosporins was detected in Aba South, Aba North, and Bende. O157-producing E. 

coli was identified in only 4 isolates (4.9%), and all from Umuahia North. Antibiotic resistance 

profiling revealed that resistance was highest for cefotaxime (46.67%) and lowest for meropenem 

(8.89%). These findings highlight the considerable presence of antimicrobial-resistant E. coli in 
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broiler birds in Abia State, underscoring the need for improved antibiotic stewardship and 

biosecurity measures to mitigate the spread of resistant strains. 

Keywords: Abia State; antimicrobial resistance; broiler chickens; ESBL; Escherichia coli; O157; 

Nigeria.

INTRODUCTION 

Extended-spectrum β-lactamases (ESBLs) 

are plasmid-mediated enzymes produced by 

Enterobacteriaceae, including Shigella, 

Salmonella, Klebsiella, Escherichia coli, and 

Proteus mirabilis (Li et al., 2004). They 

hydrolyze third-generation cephalosporins 

and other antibiotics thus driving global 

antimicrobial resistance and complicating 

treatment. While E. coli is usually 

commensal, some strains acquire virulence 

genes and cause diverse infections, such as 

colibacillosis in poultry, mastitis in cattle, 

and urinary tract infections or septicemia in 

humans (Levy and Marshall, 2004).  

Escherichia coli is an important ESBL–

producing organism; it has the ability to 

spread its resistance genes across a wide 

variety of species in diverse environments 

and can evolve from a commensal bacterium 

to a resistant and pathogenic one, and can 

also transfer these genes to humans through 

the global food chain (Aworh et al., 2020; 

Widodo et al., 2023). Escherichia coli O157 

on the other hand, is a highly virulent Shiga 

toxin–producing strain of major public health 

concern, implicated in human infections 

worldwide and frequently linked to outbreaks 

from contaminated animal products (Dunn et 

al., 2004). Various outbreaks of E. coli O157 

infection linked to contaminated animal 

products have been recorded (Olatoye et al., 

2012; Chishimba et al., 2016; & Djuikoue et 

al., 2022). 

Antimicrobial resistance (AMR) is 

widespread in bacteria and has great 

implications for both animal and human 

health, especially from poultry. The use and 

abuse of antibiotics, including beta-lactams, 

in animal husbandry has been linked to an 

increased occurrence of resistant bacteria in 

food-producing animals (Olatoye et al., 

2012). The rise in consumer demand for 

poultry products especially in African 

countries, and a transition to large-scale 

intensive production systems has led to an 

increase in antibiotic use in food-producing 

animals (Klein et al., 201). 8This increased 

application of antibiotics has been linked to a 

disturbing rise in antimicrobial resistance 

(Okonkwo & Ogbonna, 2018). Similarly, 

infections caused by ESBL-producing E. coli 

are rising globally, contributing to higher 

morbidity, mortality, and healthcare costs, 

particularly in areas with poor hygiene 

(Hedman et al., 2020). 

The global emergence of ESBL-producing 

Escherichia coli in humans and animals in 

recent times has raised significant public 

health concern, particularly due to their 

plasmid-mediated potential for interspecies 

transfer from animals to humans. In addition, 

some strains of E. coli have been observed to 

play a pivotal role in the spread and 

maintenance of ESBL genes.  Both ESBL and 

O157-producing bacteria have been isolated 

in poultry in many countries including 

African countries (Overdevest et al., 2012; 

Blaak et al., 2015; Maamar et al., 2016; 
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Brower et al., 2017; Aworh et al., 2020). 

Despite their implications in both animal and 

human health, there is paucity of studies on 

detection or prevalence of ESBL and O157-

producing strains of E. coli or on the role of 

poultry birds in maintenance and 

dissemination of multidrug-resistant/ ESBL-

producing or O157-producing E. coli in Abia 

State. 

This study therefore, focused on the 

determination of prevalence and AMR 

patterns of the ESBL/O157-producing strains 

of E. coli isolated from broiler chickens in 

Abia State. 

MATERIALS AND METHODS 

Study Area/Study Design 

The study was carried out in Abia State. The 

cross-sectional study was carried out in the 

three senatorial zones in Abia State. Two (2) 

local governments were randomly selected 

from each zone and by purposive sampling; 

three (3) farms and one (1) central market 

were selected from each local government for 

sample collection. 

Sample Collection 

A total of three hundred and thirty-four (334) 

cloacal swabs from broiler chickens were 

collected from selected farms/markets in the 

study area. The cloacal swabs were 

aseptically collected using sterile swab sticks 

and transported in cool boxes within 4 hours 

of collection to the Veterinary Microbiology 

laboratory, Michael Okpara University of 

Agriculture, Umudike, for analysis. 

Bacterial Isolation and Identification 

The swabs were streaked on MacConkey 

agar (Titan Biotech, India) and incubated at 

37°C for 24 hours. Lactose fermenting (pink) 

colonies on MacConkey agar were sub-

cultured on Eosin Methylene Blue (EMB) 

agar (Titan Biotech, India) and incubated at 

37°C for 24 hours. The plates were observed 

after 24-hour incubation; presumptive E. coli 

colonies (with green metallic sheen) were 

sub-cultured on Eosin Methylene Blue agar 

to produce pure colonies. 

Identification was done by gram staining and 

by subjecting isolates to further testing for 

Indole production, citrate utilization and 

sugar fermentation using standard methods 

(Homieir-Bachmann et al., 2021). 

Antibiotic Susceptibility Testing (AST) 

The AST was carried out on E. coli isolates 

using the Kirby-Bauer disc-diffusion method 

on Mueller Hinton Agar (Oxoid Ltd., 

Cambridge, UK) according to guidelines of 

the Clinical Laboratory Standards (CLS), 

(2020). Mueller Hinton Agar (MHA) was 

prepared according to manufacturer's 

instructions. Few colonies of the isolates 

from overnight grown cultures were 

emulsified in sterile normal saline. The 

turbidity of the suspension was adjusted to 

0.5 MacFarland’s standard and then using 

sterile cotton swab, the bacteria was spread 

on Mueller Hinton agar to obtain a lawn 

culture. Inoculated plates were allowed to 

stand for 10 minutes and the antibiotic discs 

(Mast Diagnostics, U.K) were gently 

dispensed onto the agar 30mm apart and 

10mm away from the edge of the plate and 

incubated at 37°C for 24 hours. All isolates 

were tested for susceptibility to a total of five 

antibiotics including four (4) beta-lactam 
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antibiotics that included ceftazidime (30µg), 

cefotaxime (30 µg), aztreonam (30 µg), 

meropenem (10 µg) and amoxicillin-

clavulanic acid (20 µg). 

The diameters of zones of inhibition were 

measured to the nearest millimetre, recorded 

and interpreted as resistant, susceptible and 

intermediate in accordance with the 

antimicrobial susceptibility breakpoint of 

CLSI, 2020. 

Isolates that were resistant to at least three 

classes of antimicrobials, were defined as 

multi-drug resistant (MDR) isolates. 

Detection of Extended Spectrum Beta-

Lactamase (ESBL) 

All E. coli isolates resistant to the 

cephalosporins were further screened for 

production of beta-lactamase using the 

double disc synergy test (DDST) as 

recommended by the CLSI. Three (3) 

antibiotics (ceftazidime (30µg), cefotaxime 

(30 µg) and amoxicillin-clavulanic acid (20 

µg) were dispensed onto Mueller Hinton 

Agar swabbed with presumptive isolates in a 

parallel form at a distance of 15mm from 

each other with amoxicillin-clavulanic acid at 

the centre. The plates were incubated at 37°C 

for 24 hours. Following growth, the diameter 

of the zones of inhibition around the disks 

were measured and recorded. All E. coli 

isolate that showed an increase in the zone of 

inhibition around either ceftazidime or 

cefotaxime (i.e., greater than or equal to 5 

mm towards the disc of amoxicillin-

clavulanate) was interpreted as positive for 

ESBL production (Yanesrtia et al., 2022). 

Identification of O157 strains 

Presumptive E. coli isolates were inoculated 

onto Sorbitol MacConkey agar (Liofilchem, 

Italy) and incubated for 24 hours at 37°C. 

Latex E. coli agglutination test was 

performed on the non-lactose fermenting 

colonies to determine if they were O157 

strains. The test was performed with the Dry 

Spot E. coli O157 Latex Test kit (Oxoid Ltd, 

Cambridge, UK) according to manufacturer's 

instructions. Isolates were interpreted as 

positive if there was agglutination. 

Statistical Analysis  

Data obtained were analysed using Statistical 

package for Social Sciences (SPSS) version 

23.0 and were subjected to descriptive 

statistical analysis (Tables and charts). Chi-

square test of independence was used to 

determine the association of the sampling 

areas with the presence of ESBL- producing 

E. coli. The P-value less than 0.05 was 

considered statistically significant. 

RESULTS 

A total of 334 cloacal swabs (156 from farms 

and 178 from central markets) were collected 

from across the various local government 

areas in the state. Out of this number, 270 

(116 from farms and 154 from central 

markets). Escherichia coli was detected in 

80.8% of the samples analysed. Stratification 

by source revealed prevalence rates of 

74.35% in farm samples and 86.51% in 

market samples (Tables I and II). Across local 

government areas in the state, the highest 

occurrence of E. coli was found in Aba South 

(95.2%), followed by Abia North (90.0%), 

while the least prevalence rate of 63.3% was 

observed in Umuahia North. 
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The resistance profiles of the 270 isolates 

were as follows: ceftazidime (29.63%), 

cefotaxime (46.67%), aztreonam (31.8%), 

amoxicillin-clavulanic acid (39.26%) and 

meropenem (8.89%). The ESBL-producing 

E. coli exhibited different variety of 

resistance patterns (Table IV), and presented 

resistance index ranging from 0.4 to 1.0. 

Out of the isolates resistant to 

cephalosporins, 36 were ESBL-producing E. 

coli, thus, presenting a prevalence of 43.9% 

ESBL-producing E. coli was recorded in this 

study, (Table I and II). ESBL-producing E. 

coli was highest (100%) in Ikwuano local 

government area, followed by Umuahia 

North (75%) and least prevalence (18.9%) of 

ESBL producing E. coli was obtained from 

Obingwa local government area. None of the 

isolates from Aba South, Aba North and 

Bende, showed resistance against the third 

generation cephalosporins. Out of the non-

sorbitol fermenting colonies, only 4 from 

Umuahia North were found positive for 

O157-producing E. coli, giving a prevalence 

of 4.9% (Table I) 

 

TABLE I: Prevalence of E. coli and ESBL-producing E. coli in broiler birds across local government 

areas (LGAs) in Abia state, Nigeria. 

LGA 

Total no. of 

samples 

 No. of E. coli 

isolates (%) 

No. tested for 

ESBL  

No. positive 

for ESBL (%) O157 positive (%) 

      

IKWUANO 82 68 (82.9) 18 18 (100) 0 (0) 

UMUAHIA 

NORTH 60 38 (63.3) 8 6 (75) 4 (50) 

UMUAHIA 

SOUTH 60 46 (76.7) 34 8 (23.5)  0 (0) 

OBINGWA 40 30 (75.0) 22 4 (18.2) 0 (0) 

ABA SOUTH 42 40 (95.2) 0 0(0) 0 (0) 

ABA NORTH 20 18 (90.0) 0 0 (0) 0 (0) 

BENDE 30 30 (75.0) 0 0 (0) 0 (0) 

TOTAL 334 270 (80.8)                              82 36 (43.9) 4 (4.9) 
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TABLE II: Prevalence of E. coli and ESBL-producing E. coli isolated from broiler birds across farms and 

markets in Abia state, Nigeria. 

  

Total No. of 

samples 

No. Positive for E. 

coli (%) 

No. tested for ESBL 

production Positive for ESBL production (%) 

FARMS 156 116 (74.4) 58 24 (41.4) 

MARKETS 178 154 (86.5) 24 12 (50) 

TOTAL 334 270 (80.8) 82 36 (43.9) 

 

 

TABLE III:  Antimicrobial susceptibility pattern of isolated ESBL-producing E. coli in Abia state 

Antibiotics Symbol Disc Potency (µg) Resistant N (%) Susceptible N (%) 

Ceftazidime CAZ 30 80 (29.63) 190 (70.37) 

Cefotaxime CTX 30 126 (46.67) 144 (53.33) 

Aztreonam ATM 30 86 (31.85) 184 (68.15) 

Amoxicillin-Clavulanic 

acid AUG 20 106 (39.26) 164 (60.74) 

Meropenem MEM 10 24 (8.89) 246 (91.11) 

 

 

 

 

TABLE IV: Antibiotic resistance pattern and index of ESBL and O157-producing E. coli isolates 

Antibiotic resistance pattern  

Resistance 

Index Frequency 

O157: E. coli resistance 

pattern Resistance index 

CTX-AUG 0.4 8 CTX 0.2 

CTX-MEM 0.4 2 
  

CTX-AUG-CAZ 0.6 2 
  

CTX-CAZ-ATM 0.6 5 
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CTX-AUG-ATM 0.6 5 
  

CTX-CAZ-MEM 0.6 1 
  

CTX-AUG-CAZ-ATM 0.8 8 
  

CTX-AUG-CAZ-ATM-MEM 1 5     

 

DISCUSSION 

Antimicrobial resistance is now a global 

concern (Shecho et al., 2017). The constant 

and indiscriminate use of antimicrobial 

agents in human, veterinary and agricultural 

sectors is the most important factor 

promoting emergence, selection and spread 

of antimicrobial resistance genes of both 

veterinary and human importance (Simonsen 

et al., 2004). E. coli is a leading cause of 

opportunistic infections (Pitout, 2010). Thus, 

the detection of O157 and ESBL E. coli in 

this study raises a major public health 

concern due to the potential risk of zoonotic 

spread to human populations via the food 

chain and direct contact with birds and the 

environment. This is of serious public health 

significance since birds are reared in close 

proximity to human population within the 

study region and may therefore disseminate 

these resistant pathogens to the environment 

and in-contact farm personnel.  

The overall prevalence of 80.8% of E. coli; 

with prevalence rates of 74.4% and 86.5%, in 

farms and markets respectively suggests that 

the risk of E. coli contamination may be 

higher in the central markets compared to 

farms. This agrees with findings of 

(Adenipekun et al., 2016; Adebowale et 

al.,2022), who recorded prevalence rates of 

88% and 80% of E. coli isolates respectively, 

but the reports of (Aworh et al., 2020), with 

greater prevalence in samples from farms 

than those from markets, seems to disagree 

with our findings. However, this prevalence 

is considerably higher than the 11.4% 

reported by (Chigor et al., 2010) and 50% 

reported by (Nnabuike et al., 2023).  These 

variations could be due to the flock density of 

birds, inadequate sanitary practices by 

farmers or different sampling techniques. 

Escherichia coli organisms were detected in 

all the local government areas sampled. This 

is a confirmation of the endemicity of this 

problem in Abia state. The prevalence of E. 

coli varied significantly across Local 

government areas; Aba South had the highest 

occurrence (95.2%), while Umuahia North 

had the lowest rate (63.3%). This reflects 

differences in management practices, 

environmental conditions, or local 

biosecurity standards. 

Out of the total E. coli isolates, 82 were tested 

for ESBL production, and 36 were positive, 

resulting in an overall ESBL prevalence of 

43.9%. This is comparatively higher than 

prevalence rates of 20.1%, 26.32% and 

20.0% reported by (Chishimba et al., 2016; 

Djuikoue et al., 2022; Nnabuike et al., 2023), 

but similar to findings of (Aworh 2020). The 

overall prevalence of 43.9% of ESBL-

producing E. coli is of particular concern as 

it indicates resistance to multiple beta-lactam 

antibiotics, especially, cephalosporins which 
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are frequently prescribed by clinicians for 

both human and animal infections (Aibinu et 

al.; Alonso et al., 2020). This complicates 

treatment options. The 100% prevalence of 

ESBL E. coli in Ikwuano is alarmingly high, 

indicating a potential need for targeted 

interventions in that area. This high 

prevalence attained from this area may be due 

to the presence of a major livestock market 

that hosts the trade of birds from 

neighbouring and distant communities. 

Poultry farmers in the state regularly 

transport their birds to Ikwuano for trade, and 

these animals could be exposed when they 

come in contact with sick or carrier birds at 

these live bird markets. In addition, unsold 

birds are frequently reintroduced into the 

flock, a management practice that 

significantly heightens the risk of pathogen 

circulation. Such reintroduction fosters 

continuous mixing of exposed and naïve 

populations, thereby facilitating the 

dissemination of ESBL-producing 

Escherichia coli among birds within the state. 

Beyond the immediate implications for flock 

health, this practice also contributes to the 

maintenance and amplification of 

antimicrobial resistance reservoirs in poultry 

production systems. The persistence of 

ESBL-producing strains in these 

environments increases the likelihood of 

horizontal transfer of resistance determinants 

to commensal or pathogenic bacteria 

Obingwa showed a lower prevalence (18.2%) 

and no ESBL E. coli was detected in Aba 

South, Aba North, and Bende. This may be 

attributed to increased levels of awareness of 

farmers and stakeholders in these areas, 

access to veterinary services and 

interventions by veterinarians in the zone, 

since these zones are semi-urban / urban 

areas. These services are absent or rare in the 

rural communities, thus facilitating spread of 

these organisms in the rural areas. 

The O157 serotype, known for causing 

severe foodborne illnesses like hemolytic 

uremic syndrome (HUS), poses a serious risk 

to vulnerable populations, including children 

and the elderly (Martínez-Álvarez et al., 

2022). In this study, 4.9% of E. coli O157 was 

isolated from cloacal samples. This finding is 

consistent with studies by (McCluskey et al., 

1999; Dutta et al., 2000) who reported 

prevalence rates of 3.2% and 2.8% 

respectively in the United Kingdom and 

South Africa, however, studies by (Olatoye et 

al., 2012; Shecho et al., 2017) reported 

higher prevalence rates of 14% and 13.4% in 

Ibadan, Nigeria and in Ethiopia respectively. 

The low prevalence of O157 E. coli in this 

study may not be a major concern, but 

warrants monitoring due to potential public 

health impact. 

The increasing prevalence of MDR E. coli 

among isolates raises a crucial public health 

challenge, because those isolates can occupy 

multiple niches, including human and animal 

hosts, to acquire or transmit resistance genes 

either horizontally or vertically (Adenipekun 

et al., 2022). In this study, there was variation 

in the resistance profiles of the 270 isolates. 

Highest resistance was to cefotaxime 

(46.67%), followed by amoxicillin-

clavulanic acid (39.26%) and aztreonam 

(31.8%). Ceftazidime showed a resistance 

rate of 29.63%. Meropenem had the lowest 

resistance (8.89%). This low resistance to 

carbapenems may be due to rare use of this 

class of antimicrobials in Nigerian poultry 
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and clinics, suggesting that carbapenems 

might still be effective for treatment, but the 

emergence of resistance, though low, is 

concerning. The multiple antibiotic 

resistance (MAR) index ranged from 0.4 to1 

(Table IV). This index reflects the degree of 

resistance, with values above 0.2 suggesting 

high-risk sources of contamination where 

antibiotics are overused. This observed 

multidrug resistance could be mediated by 

mobile genetic elements such as plasmids or 

transposons and the possible spread of 

ESBL-encoding genes through mobile 

genetic elements is a great public health risk.  

CONCLUSION  

This study confirms that poultry birds could 

be one of the major and potential reservoirs 

for ESBL and O157-producing E. coli in Abia 

State, and reveals the urgent need for 

antimicrobial surveillance and we believe 

that information reported herein provides 

data for such a purpose. The possibility of the 

dissemination of ESBL: O157 E. coli from 

other environmental sources, chicken farms 

and markets to other chickens and even 

humans is high. There is thus an urgent need 

for stricter regulation and monitoring of 

antibiotic usage in poultry farming to reduce 

the selection pressure that leads to the 

development of multidrug-resistant bacteria. 

There is an urgent need to create awareness 

among poultry farmers about the dangers of 

irrational antibiotic use and the importance of 

adhering to veterinary guidelines. 

Furthermore, surveillance systems should be 

established to monitor antimicrobial 

resistance patterns in both animal and human 

populations. This will aid in developing 

evidence-based strategies to combat 

resistance and most especially encourage the 

use of alternative therapies such as probiotics 

or herbal remedies thus mitigating the 

reliance on antibiotics. These measures 

would curtail the maintenance and spread of 

ESBL and O157-producing E. coli in Abia 

State, and also reduce transmission of these 

strains to humans through the food chain.  
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