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Introduction
Antimicrobial Resistance (AMR) is a health issue that is quickly becoming a major problem 

on a global level and it is estimated that by the year 2050, it may cause up to 10 million deaths 
[1-3]. One of the key reasons that have led to this crisis is the growing prevalence of Extended-
Spectrum B-Lactamases (ESBLs), which are enzymes that allow bacteria to inactivate a wide 
range of b-lactam antibiotics, including third-generation cephalosporins [4-6]. Most of 
these enzymes are produced by Gram-negative bacteria including Escherichia coli (E. coli), 
a versatile pathogen which can exist in a form of a non-pathogenic commensal in the gut 
and a cause of severe infections in people [7,8]. E. coli is also reported to lead to numerous 
diseases, such as urinary tract infections, septicemia and gastroenteritis caused by food-borne 
[9,10]. The presence of ESBL-producing strains of E. coli is particularly alarming because it is 
more likely to be co-resistant to several classes of antibiotics, such as fluoroquinolones and 

Crimson Publishers
Wings to the Research

Research Article

*Corresponding author: Aliya Khalid, 
Department of Microbiology, Abdul Wali 
Khan University, Pakistan

Submission:  January 20, 2026
Published:  February 17, 2026

Volume 8 - Issue 1

How to cite this article: Syed Hamza 
Abbas, Pir Osama Syed Yousafzai, 
Muhammad Abbas, Taskeen Ali Khan, 
Shahzar Khan, Talha Khan, Aliya 
Khalid*, Aftab Ali and Kainat Rahim. 
Isolation, Characterization and Antibiotic 
Susceptibility Profiling of ESBL E. coli in 
Retail Chicken. Cohesive J Microbiol Infect 
Dis. 8(1). CJMI. 000680. 2026.
DOI: 10.31031/CJMI.2026.08.000680

Copyright@ Aftab Ali, This article is 
distributed under the terms of the Creative 
Commons Attribution 4.0 International 
License, which permits unrestricted use 
and redistribution provided that the 
original author and source are credited.

ISSN: 2578-0190

1Cohesive Journal of Microbiology & Infectious Disease

Abstract
The development of Extended-Spectrum B-Lactamase (ESBL)-producing Escherichia coli and thus 
Antimicrobial Resistance (AMR) are emerging as an increasing concern in the public health domain. 
This was done to isolate, identify and describe ESBL producing E. coli of retail chicken meat in different 
districts of Khyber Pakhtunkhwa (KPK) in Pakistan. One hundred (100) unwrapped and fresh poultry 
meat samples were picked in local markets and butchers in Mardan, Nowshera, Swabi and Charsadda. 
Samples were incubated in modified Tryptone Soya Broth (mTSB) and grown on MacConkey agar with 
biochemical confirmation of the growth being done through the standard tests (Indole, MR, VP and TSI). 
Additional identification was based on gram staining and colony morphology. The screening of E. coli was 
done with cefotaxime-supplemented agar and the susceptibility to antibiotics was measured through the 
Kirby-Bauer disk diffusion test on the Mueller-Hinton agar as per the CLSI standards. Out of the isolates, 
25 were also confirmed to be ESBL-producing E. coli. All 25 (100 per cent) resistant to third-generation 
cephalosporins (ceftoxime, ceftriaxone, ceftazidime, cefepime) and b-lactam/b-lactamase inhibitor 
(amoxicillin-clavulanacid, cefotaxime-clavulanate, ceftazidime-clavulanate). The zone diameters were 
always within the resistant range (6-14mm), no intermediary or vulnerable profiles were found. These 
results provide support to the fact that the B-lactam resistance in the E. coli strains obtained due to retail 
chicken meat is high and this implies that there is a pathway through the food chain that could be used 
to transmit the resistance to humans. This paper indicates the urgent necessity of strong food safety 
measures, regular monitoring, as well as antibiotic stewardship to reduce the proliferation of multidrug-
resistant bacteria in society.
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aminoglycosides [11,12]. This issue is severe as the level of ESBL-
producing E. coli is reported as 40-70% in some developing countries 
according to new surveillance reports. The food chain is one of the 
most significant pathways of transmission of resistant bacteria to 
humans [13-15]. The use of poultry meat especially chicken is done 
on a high scale across the world with the annual global production 
standing at more than 130 million tones. Nevertheless, about 60% 
of all antibiotics administered to food-producing animals target 
growth promotion and disease prevention, which is the poultry 
industry [16,17]. Research has revealed that as many as 80 percent 
of raw chicken meat samples contain E. coli and 20-40 percent 
of these isolates have been determined to be ESBL producers. 
The contamination usually happens during the processing stage 
when the intestinal contents are in contact with meat [18,19]. 
In case of improper hygiene or improper cooking or handling of 
meat, there are chances of transmission of the ESBL-producing 
bacteria to consumers, which directly endanger human health. 
This risk is even more significant in developing countries where 
food safety standards might be not systematically implemented 
[20,21]. Considering such alarming epidemiological issues, careful 
attention should be paid to the prevalence and resistance patterns 
of ESBL-producing E. coli in the retail food production, particularly 
in poultry products of massive consumption. The overall objective 
of this research is to isolate, identify and biochemically characterize 

Escherichia coli strains in retail chicken meat with a particular 
emphasis on identifying the antibiotic susceptibility of the isolates 
and the identification of ESBL-producing isolates. The results 
will be useful information in the comprehension of antimicrobial 
resistance in the food chain and help create effective food safety 
and public health interventions.

Materials and Methods
Sample collection

One hundred retail poultry meat samples were collected in the 
different districts in Khyber Pakhtunkhwa (KPK), Pakistan. The 
sampled areas were local markets and butcher shops at Mardan, 
Nowshera, Swabi and Charsadda. One hundred forty samples were 
taken in Mardan in various localities like Takht Bhai, Ganjai, Seri 
Behlol, Jandai, Gujar Garhi, College Chowk and Shaikh Maltoon. 
Nowshera has provided 20 samples, which were extracted in 
Main City, Kaka Saib and Akora Khattak. On the same note, Swabi 
samples 20 samples were sampled on Kalo Khan, Ambaar and Yar 
Hussain whereas Charsadda provided 20 samples sampled in Saro 
Shah, Gul Abad and Sar Dheri. All samples were fresh, unpackaged 
and displayed openly for consumer selection. Each sample was 
aseptically collected and transported under chilled conditions 
to the National Veterinary Laboratory, Islamabad, for further 
microbiological analysis (Figure 1).

Figure 1: Geographical distribution of retail poultry meat sampling sites (n=100) across districts of Khyber 
Pakhtunkhwa, Pakistan, including Mardan (40 samples), Nowshera (20), Swabi (20) and Charsadda (20).
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Sample processing and enrichment

From each chicken meat sample, 15-20 grams were aseptically 
removed from the sub-epithelial surfaces of the thigh and chest 
regions using sterile scissors and forceps. The meat portions were 
then inoculated into 10mL of Modified Tryptone Soya Broth (mTSB) 
in sterile test tubes and incubated at 37 °C for 24 to 48 hours. After 
incubation, the samples were checked for turbidity indicating 
microbial growth. Gram staining and a series of biochemical tests 
were used to preliminarily identify E. coli and other bacterial 
contaminants.

Preparation of Modified Tryptone Soya Broth (mTSB)

Modified Tryptone Soya Broth (mTSB) was prepared by 
dissolving 30 grams of TSB powder in 1 liter of distilled water, 
supplemented with 1.5-3 grams of bile salts and 1.5 grams of 
dipotassium phosphate to enrich for enteric bacteria, including 
ESBL-producing E. coli. The medium was autoclaved at 121 °C for 
15 minutes, cooled and then dispensed into sterile tubes in 10mL 
aliquots. Fresh meat samples were inoculated into these tubes and 
incubated at 37 °C for 24 hours.

Culture and isolation

After enrichment, agar plates of MacConkey were used to culture 
the samples, which is a selective and differentiation medium that is 
appropriate in the isolation of Gram-negative bacteria. The plates 
were cultivated at 37 °C in 24 hours aerobically. The colonies that 
revealed pink or red color (a characteristic of lactose- fermenting 
bacteria like E. coli) were picked to undergo further identification. 
MacConkey agar: 50 grams of the dehydrated medium were 
dissolved in 1 liter of distilled water after which it was autoclaved 
at 121 °C and 15 minutes. The medium was then cooled to 50 °C and 
then put in sterile Petri dishes and allowed to solidify.

Preparation of Mueller-Hinton Agar (MHA)

Mueller-Hinton Agar (MHA) was prepared manually as 
follows: 1.5ml of blood were collected and combined with 3.4ml 
of chloramphenicol-impregnated blood (Ulrich, 2006). Isolated 
colonies were sub-cultured onto MHA (Mueller-Hinton agar, (MHA) 
a non-selective agar that was used in testing the susceptibility of 
particular isolates to antibiotics. MHA was made by dissolving 53 
grams of medium in 1 liter of distilled water, boiling the solution and 
autoclaving at 121 °C 15 minutes and cooled to a room temperature 
before adding it to Petri plates. Plates were kept at 8-15 °C until 
further usage.

Morphological identification

Preliminary morphological identification was done by gram 
staining. The staining technique consisted of four major steps, 
namely crystal violet (primary stain), Gram’s iodine (mordant), 
alcohol-acetone (decolorizer) and safranin (counterstain). E. coli 
being gram-negative bacteria were pink-red under the microscope 

whereas Gram-positive bacteria did not lose the crystal violet and 
turned blue or purple.

Biochemical identification

Presumptive identification of E. coli isolates was done through a 
number of standard tests. The indole test was employed to establish 
the capacity of the organism to degrade tryptophan in order to 
produce indole. After adding the reagent of Kovac to the medium, 
a red ring at the surface of the medium had been observed, which 
was a positive result. The glucose fermentation was stable because 
it was tested using the Methyl Red (MR) test and upon the addition 
of the indicator, methyl red, a red color was formed indicating a 
positive test. Voges-Proskauer (VP) test identified the formation of 
acetoin as a result of glucose metabolic process; the red or pink color 
formation in the presence of a-naphthol and potassium hydroxide 
was a positive test outcome. Carbohydrate fermentation (glucose, 
lactose and sucrose) and Hydrogen Sulfide (H2S) production were 
measured by the Triple Sugar Iron (TSI) test. Yellow butt and /or 
slant was a result of sugar fermenting, whereas black precipitate 
represented H2S. The impact of antibiotics on gram-positive 
microbes differs from that on gram-negative microbes (Ong and 
Chen 215).

Antibiotic susceptibility testing and ESBL detection

Enriched cultures were pre-incubated on MacConkey agar with 
the addition of cefotaxime and incubated at 37 °C for 48 hours 
to identify ESBL production. Mueller-Hinton agar sub-cultures 
were then made of colonies that were suggestive of E. coli. The 
disk diffusion procedure was done as per Clinical and Laboratory 
Standards Institute (CLSI). The antibiotics that were tested were 
ceftriaxone, ceftazidime, cefepime, cefotaxime+clavulanic acid, 
ceftazidime+clavulanic acid, cefoxitin and amoxicillin+clavulanic 
acid. ESBL-producing isolates were finally confirmed using the 
standard broth microdilution method at the National Veterinary 
Laboratory, Islamabad.

Results
Sample isolation and processing

The sample was collected using simple random sampling 
methods with processing carried out as outlined below: Sample 
meats were collected aseptically using sterile forceps and a sterile 
scissor on the sub-epithelial surfaces of the thigh and chest of 
chicken (Figure 2A). The samples were inoculated then into 
Tryptone Soya Broth (TSB) which is a nutrient-enriched medium 
that are appropriate in the recovery of enteric bacteria. The 
inoculated tubes were incubated at 37 °C and let 48 hours to enrich 
and propagate the potential bacterial contaminants (Figure 2B). 
Turbidity of the broth was used as a measure of bacterial growth 
and the samples could be used in selective isolation and additional 
characterization.
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Figure 2: (A) Isolation of sub-epithelial chicken meat sample (B) enrichment of samples in Tryptone Soya Broth 
(TSB).

Bacterial identification

Per the enrichment step, cultures were streaked on MacConkey 
agar plates to selectively isolate Gram-negative lactose-fermenting 
bacteria. After giving incubation of 24 hours at 37 °C, one was able 
to observe very distinct pink-colored colonies (Figure 3A). This was 

a sign of lactose fermenting Gram-negative bacteria a characteristic 
feature of Escherichia coli. Gram staining was done in order to 
identify the isolates. The microscopic analysis showed that the 
bacteria were pink, rods and this was in line with the morphological 
features of Gram-negative E. coli (Figure 3B).

Figure 3: (A) Pink colonies on MacConkey agar indicating lactose fermentation by E. coli (B) Microscopic image 
showing Gram-negative rod-shaped bacteria (E. coli).

Biochemical identification

In this step, the precise biochemical characteristics of the 
unknown are determined using a selected set of biochemical tests 
Biochemical Identification This step involves the identification of 
the exact biochemical properties of the unknown through a chosen 
repertoire of biochemical tests. To eliminate any confusion of the E. 
coli isolates, biochemical tests were conducted. When the reagent 
of Kovac was added, a red ring was formed in the Indole test and 
it is a positive indication of the production of indole (Figure 4A). 

Methyl Red (MR) test also indicated a positive result because the 
broth changed to red upon the addition of the MR indicator (Figure 
4B). The Voges-Proskauer (VP) test showed the appearance of a red 
color after the addition of alpha-naphthol and potassium hydroxide 
which indicated that acetoin was produced (Figure 4C). Triple 
Sugar Iron (TSI) test showed the formation of gases and black 
precipitates, which indicated that sugars were fermented and black 
was produced (Figure 4D). These findings are in agreement with 
the biochemical profile of the Escherichia coli, which establishes the 
identity of the isolates.
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Figure 4: (A) Positive Indole test for E. coli (B) Positive Methyl Red test for E. coli (C) Positive VP test for E. coli (D) TSI 
test showing gas and H2S production by E. coli.

Antibiotic susceptibility testing of ESBL-producing E. coli

Antibiotic susceptibility testing was carried out on 25 isolates 
of Escherichia coli confirmed as Extended-Spectrum β-Lactamase 
(ESBL) producers using the Kirby-Bauer disk diffusion method on 
Mueller-Hinton agar. The antibiotic panel included third-generation 
cephalosporins and β-lactam/β-lactamase inhibitor combinations. 
The results revealed widespread resistance: 100% (25/25) of the 
isolates were resistant to amoxicillin-clavulanic acid, ceftriaxone, 
cefotaxime, ceftazidime and cefepime. The zone of inhibition for 
cefotaxime ranged from 6-12mm, for ceftazidime from 6-14mm 
and for cefepime from 6-13mm, all of which fall within the resistant 
range according to CLSI guidelines. Even the addition of β-lactamase 
inhibitors showed no therapeutic advantage. For cefotaxime-

clavulanate, the zone diameter was ≤14mm in all isolates, with 
100% resistance (25/25). Similarly, ceftazidime-clavulanate 
showed zones between 8-13 mm, also indicating 100% resistance. 
No intermediate or susceptible strains were recorded for any of the 
tested antibiotics. These findings strongly suggest the presence of 
high-level β-lactam resistance, with complete therapeutic failure 
of both third-generation cephalosporins and their combinations 
with β-lactamase inhibitors. Overall, the study indicates a critical 
resistance pattern, highlighting that 25 out of 25 isolates (100%) 
showed multidrug resistance, with 0% susceptible and 0% 
intermediate reactions across the tested β-lactam class agents. This 
underscores the urgent need for antibiotic stewardship and the 
surveillance of ESBL-producing organisms in poultry-derived food 
products (Figure 5).

Figure 5: Distribution of Zone of Inhibition (mm) for ESBL-Producing E. coli Isolates (n=25) Against Various 
β-Lactam Antibiotics and Inhibitor Combinations.
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Discussion
The current research indicates the frightening rate of the 

spread of Extended-Spectrum B-Lactamase (ESBL)-producing 
Escherichia coli in retail chicken meat of different districts of 
Khyber Pakhtunkhwa (KPK), Pakistan. This 100 percent resistance 
to third-generation cephalosporins and b-lactam/b-lactamase 
combinations is in line with other reports that have reported the 
global dissemination of Multidrug-Resistant (MDR) E. coli of food 
sources [22,23]. Such results highlight the increasing risk of AMR 
bacteria to the health of the population in the food chain, especially in 
the areas where the use of antimicrobials is controlled inadequately. 
The resistance rates of this research are similar to those in other 
developing nations, where poultry meat is most often contaminated 
with resistant strains of E. coli because antibiotics are used in a 
non-therapeutic manner to promote growth and prevent diseases 
[21,24]. Furthermore, the lack of effects of b-lactamase inhibitor 
combinations, including cefotaxime-clavulanate and ceftazidime-
clavulanate, indicates that the isolates have the high-level resistance 
mechanisms, which may include the plasmid-mediated ESBL genes, 
such as blaCTX-M or blaTEM or bla-SHV, that have been extensively 
reported in poultry-associated E. coli [23,25], 2 Such a practice of 
using poultry as a means of transmission of MDR bacteria to human 
beings is particularly worrisome in Pakistan where the consumption 
of poultry is high and food safety practices fluctuate. Contamination 
of the meat handling environment and slaughter also contribute to 
the spread of resistant strains [26,27]. When transferred to human 
beings, such bacteria may lead to infections that can hardly be 
cured, particularly among the immunocompromised people. This 
paper highlights the necessity to develop encompassing One Health 
strategies to fight AMR. The interventions that ought to be taken 
at the policy level are the tightening of regulations on the use of 
antimicrobials in livestock, the enhancement of good hygiene 
in the slaughterhouse and the sensitization of the people on the 
safe handling and cooking methods of meat. Moreover, molecular 
characterization of resistance genes and surveillance should be 
increased at the farm level and retail level in order to monitor 
trends in AMR.

Conclusion 
The findings of this study reveal a concerning prevalence of 

ESBL-producing Escherichia coli in retail chicken meat sourced 
from various districts of Khyber Pakhtunkhwa, Pakistan. All 
confirmed isolates demonstrated complete resistance to third-
generation cephalosporins and β-lactam/β-lactamase inhibitor 
combinations, indicating a high level of antimicrobial resistance. 
This suggests that poultry meat serves as a significant reservoir and 
potential transmission route for multidrug-resistant pathogens to 
humans through the food chain. The results underscore the urgent 
need for improved antibiotic stewardship in the poultry industry, 
stricter regulatory oversight and public health interventions aimed 
at enhancing food safety, surveillance and awareness. Without 
immediate action, the unchecked spread of ESBL-producing 
bacteria poses a serious threat to both animal and human health 
[28-30].
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