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ABSTRACT 

	Background: Food-borne diseases are mostly caused by contaminated food materials through which infectious agents enter our body, which is one of the primary public health concerns. Among food-borne bacteria, E. coli is one of the typical pathogenic bacteria responsible for causing foodborne illnesses. The prevalence of E. coli in chicken meat is greater because it indicates unhygienic conditions at the shop level. Chicken meat gets contaminated by E. coli due to contamination of intestinal content while handling chicken meat. 
Aim: The present study was undertaken to isolate and identify Escherichia coli from poultry meat and the associated environment. 
Method: A total of 350 samples, including 250 poultry meat samples and 100 environmental samples, were collected from retail meat shops in and around Junagadh district of Gujarat state. All the Poultry meat and environmental samples were inoculated into MacConkey broth (10 ml) for pre-enrichment and incubated at 370 °C for 24 hrs.  The incubated inoculum was streaked on MacConkey agar and incubated at 370 °C for 24 hrs. Lactose-fermenting pink colonies were further streaked on eosin methylene blue (EMB) agar.  The plates were incubated at 370 °C for 24 hrs., and colonies with greenish metallic sheen were observed for confirmation of E. coli.
Results: Out of 350 samples, 203 (58.00 %) samples were positive for E. coli which included 162 (62.00%) samples were from poultry meat, 19 (38.00 %) samples from butcher’s hand swabs and 22 (44.00 %) from water samples were positive for E. coli.
Conclusion: The majority of poultry meat and associated environmental samples marketed at local meat retailers were found to be contaminated with E. coli. The emergence of antibiotic resistance in E. coli is of public health concern and needs to raise public awareness regarding the indiscriminate use of antibiotics as growth promoters or prophylaxis in livestock to curb the spread of antibiotic resistance. 
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1. INTRODUCTION 

“Foodborne infections continue to be a serious threat to global health. In 2015, the World Health Organisation (WHO) data showed that each year, approximately 600 million people get illnesses from consuming contaminated food, and an estimated 420,000 people die as a result. These infections cause serious health risks, and can also have a significant financial impact due to rising medical expenses and decreased worker productivity of person. Among the several bacteria associated with foodborne illnesses, E. coli holds a unique place” (Jangid, 2023). “Escherichia coli is a gram-negative, non-spore-forming bacterium that is motile by peritrichous flagella, and in most cases, they are harmless. According to Theodor Escherich in 1885, E. coli are normal inhabitants of humans and animals”                      (Malabadi et al., 2024). 
“Most strains of E. coli are normal inhabitants of the gastrointestinal tract of humans and Animals. But some strains of E. coli evolved into pathogenic strains by acquiring virulence factors via bacteriophages, transposons, plasmids and pathogenicity. The bacterium is the causative agent of a variety of intestinal pathologies such as watery and/or bloody diarrhoea, haemolytic uremic syndrome (HUS), and colitis. It also causes extraintestinal diseases such as bacteremia and sepsis, meningitis, and urinary tract infections (UTI), and is one of the most common causes of both healthcare-associated and community-onset invasive bacterial disease” (Geurtsen et al., 2022). “The United States Centres for Disease Control and Prevention (CDC) estimates that E. coli O157:H7 infections cause around 2,200 hospital admissions, 73,000 illnesses, and 60 deaths annually in the United States. Food-borne infections still continue to pose a significant challenge to both food safety and global food trade. Bacterial contamination caused not only human diseases but also serious economic damage” (Rawat, 2015).
“Escherichia coli, a member of the Enterobacteriaceae family, is a facultative anaerobic and a small bacillus. This bacterium is one of the most common species in the digestive system of humans, and its pathogenic forms can lead to several types of diarrhea” (Ali & Chidrawar, 2021). “Enteric infection-producing strains of Escherichia coli are commonly referred to as diarrheagenic strains, and multiple virulence characteristics are linked to their pathogenesis, which differ based on the pathotype” (Xia et al., 2010). “Based on their unique virulence factors and pathogenic characteristics, diarrheagenic E. coli strains are currently divided into six major pathotypes: enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli (EHEC), enteroaggregative E. coli (EAgEC), and highly adherent E. coli (DAEC)” (Hamed et al., 2017).
“Poultry meat is a good source of many vitamins, including ascorbic acid, niacin, riboflavin, thiamine, and iron, as well as minerals, including sodium, calcium, iron, phosphorus, sulfur, and iodine. Unfortunately, these substances offer an ideal setting for microorganisms to flourish” (Ibrahim et al., 2019). “Since Enterobacteriaceae is the most often encountered pathogen in the human and animal gastrointestinal tracts, and E. coli is the most prevalent species of facultative anaerobe discovered in these tracts, the presence of this organism in food is indicative of famine” (Mohamed and Desmulliez, 2014). “It can enter the meat during various stages of production, processing, transportation, and storage, with retail outlets being a critical point of concern due to frequent consumer interaction and potential for cross-contamination” (Gupta et al., 2025). “The growing consumption of poultry, milk, and beef has also raised the chance of coming into contact with infections of animal origin, like pathogenic E. coli” (Rahman et al., 2017). The present study was carried out by collecting poultry meat samples and associated environmental samples, including butcher’s hand swabs and water samples. from in and around Junagadh City of Gujarat state.

2. Materials and Methods 

2.1 SAMPLE COLLECTION

A total of 350 samples, including 250 poultry meat, approximately 25 gm samples and 100 Environmental samples swabs were collected by a random sampling method aseptically and transported in a cool box from the place of collection to the laboratory from retail meat shops from in and around Junagadh district of Gujarat state.

2.2 ISOLATION AND IDENTIFICATION E. coli

All the Poultry meat and environmental samples were inoculated into MacConkey broth         (10 ml) for pre-enrichment and incubated at 37 °C for 24 hrs.  The incubated inoculum was streaked on MacConkey agar and incubated at 37 °C for 24 hrs. Lactose-fermenting pink colonies were further streaked on Eosin Methylene Blue (EMB) agar. The plates were incubated at 37 °C for 24 hrs, and colonies with a greenish metallic sheen were observed for confirmation of E. coli.

2.3 SCREENING BIOCHEMICAL TESTS

“The sparse colony from the EMB plates were selected and stabbed/streaked on Triple Sugar Iron (TSI) agar and Lysine Iron Agar (LIA), and incubated at 37 °C for 18 hrs, and the reaction was noted. Based on standard colony morphology and how they responded to TSI and LIA agar, the growth was first subjected to Gram’s staining, followed by catalase, oxidase and IMViC tests. The isolates, which were Catalase Positive, Oxidase Negative and IMViC pattern as: +/+/-/-, were presumed to be E. coli and were preserved for further studies” (Bairi et al., 2024).

2.4 CONFIRMATION OF E. coli BY PCR

2.4.1 DNA Template Preparation by Boiling and Snap-Chilling Method

“A microfuge tube (1.5 ml) containing 100 µl of sterile Milli-Q water was added with 2-3 colonies of an overnight-grown E. coli culture from MacConkey agar plates, and the suspension was heated for 10 min in boiling water. The microfuge tube was immediately placed on ice and centrifuged at 8000 rpm for 5 minutes at 4 °C. The supernatant was utilised as a template to detect E. coli by PCR” (Bairi et al., 2024).

2.4.2 Screening for E. coli by PCR
The isolates were screened for E. coli by targeting the alr gene as an oligonucleotide sequence mentioned in Table 1, as per the standard protocol described in the literature. the PCR for amplification of the E. coli was set up in a 25 µl reaction mixture. Following initial trials with varying concentrations of components, the reaction mixture was optimised as per Table 2 and the thermal cycling conditions for identification as mentioned in Table 3.

Table 1: PCR protocol for amplification of the alr gene for E. coli
	Primer 
	Target 
gene 
	Primer sequence (5’-3’) 
	Expected 
amplicon 
size(bp) 
	Reference 

	alr : F 
	alr
	CTGGAAGAGGCTAGCCTGGACGAG 
	369 
	Preethirani et 
al. (2015) 

	alr: R 
	
	AAAATCGCCACCGGTGGAGCGATC
	
	



Table 2: Composition of reaction mixture for PCR with 2X master mix
	Components
	Quantity

	2 X PCR Master Mix
	12.5

	Forward Primer (10pmole/µl)
	1.0

	Reverse Primer(10pmole/µl)
	1.0

	Nuclease Free Water
	7.5

	DNA Template
	3.0

	Grand Total
	25.0




Table 3: PCR Cycling Conditions for amplification of the alr gene

	Primers (Forward and Reverse)
	Cycling conditions

	
	Initial denaturation
	Denaturation
	Annealing
	Extension
	Final extension

	Alr (F)
	94 °C
	94 °C
	57 °C
	72 °C
	72 °C
7 min



3. results and discussion

3.1 ISOLATION AND IDENTIFICATION OF E. coli

All the samples were processed for the isolation of E. coli. Out of 350 samples, 203 (58.00 %) samples were positive for E. coli, which included 162 (62.00%) samples were from poultry meat, 19 (38.00 %) samples from butcher’s hand swabs and 22 (44.00 %) samples from water were positive for E. coli (Table 4., Fig. 1). On MacConkey Agar medium (Plate 1), all of the E. coli isolates give small, pink colonies. After being further processed in EMB Agar (Plate 2), colonies revealed a metallic sheen. When stained using Gram's staining method and examined under a 100X light microscope, all of the isolates were morphologically rod-shaped, Gram-negative bacteria (Plate 2).
Table 4: Prevalence of E. coli from different poultry meat shops and the associated environment
	Sr. No.
	Particulars
	Sample size
	No of               E. coli Isolates
	Percentage 
of E. coli Isolates 

	1
	Poultry meat
	250
	162
	62.00 %

	2
	Environmental sample
	Butcher’s hand swab
	50
	19
	38.00 %

	
	
	Water sample
	50
	22
	44.00 %

	Total
	350
	203
	58.00 %


                                                                                       

Fig.1: Prevalence of E. coli from poultry meat and associated environment samples 
The overall finding of the present study (58.00%) was consistent with the finding of Cho et al. (2020), who reported 59.4 % (79/133) of poultry meat samples were frequently contaminated with E. coli. While Rahman et al. (2020) reported “63.5% of E. coli isolated out of 600 chicken meat swab samples (75 from broiler and 75 from layer chickens) from 100 different retail poultry shops at the Sylhet division of Bangladesh”, which was in accordance with the present study.
However, in contrast to the present study, a much higher rate of prevalence of 87.5 % in poultry meat samples was reported by Eyi and Arsalan (2012). In addition, Liaqat et al.  (2022) also reported a prevalence of 82.4% from chicken samples. Similarly, Al-Salauddin et al. (2015) also reported a very high prevalence rate of 83.33% from poultry meat samples. The presence of E. coli in poultry meat indicates faecal contamination of may be of human or animal origin. An increase in the prevalence rate may be due to poor personal hygiene, which is followed at work by employees. Sometimes increase in the prevalence rate is also due to cross-contamination from soil, cutting instruments, handling of meat and animal carcasses, and the use of contaminated water for washing purposes can be a prominent source of contamination. 
A low rate of prevalence has been recorded by Rahman et al. (2017) as   49.02 % for E. coli from chicken meat samples collected randomly from farms and local markets situated in Mymensingh and Gazipur districts of Bangladesh. Similarly, Wibawati et al. (2023) also reported a prevalence of 44.26% from broiler meat in East Java, Indonesia. In addition, Zarei et al. (2021) reported 36% of E. coli contamination from Raw Chicken Meat Samples collected from the butchers and markets of different parts of Hamadan city, west of Iran. Naidu et al. (2021) and Ahmady (2021) reported incidence of 35.29 % and 34.6 % from chicken samples, respectively, which was lower compared to the present findings. 
Bratfelan et al. (2023) also reported “30 % of E. coli contamination in chicken meat collected during the period of September 2022 to June 2023 from three different slaughtering units located in the centre of Romania”. In addition, Kaushik et al. (2018) reported 27.5 % contamination of E. coli from fresh poultry meat (n = 228) collected randomly from different shops and markets of Patna, India, during September 2010 to March 2013. The findings of both previous studies were lower compared to the present findings.
In contrast to present findings very low rate of prevalence was also recorded by Tanveer et al. (2017), Mansour et al. (2023), Deshmukh et al. (2023), Buharshak et al. (2019) and Lee et al. (2009) as 8.75 %, 8.00 %, 7.55 %, 6.00 %, 4.60 %, respectively. 
[bookmark: _GoBack]In the present study, we have found a prevalence of 38.00 % E. coli from butcher’s hand swabs, which was in contrast to the finding of Bairi et al. (2023) who reported “10.00% prevalence of E. coli from butchers’ hand swabs”. Similarly, Awadallah et al. (2014) reported a 15.00 % prevalence of E. coli from butchers’ hand swabs.
In the present study, we have found a prevalence of 44.00 % E. coli from water samples used for poultry drinking, carcass and knife washing. In contrast to the present Study, Putturu et al. (2022) reported 100 % prevalence from a poultry farm. Similarly, Mandal et al. (2022) reported a prevalence of 66.00 % from hand wash water from retail poultry water, which was in contrast to the present finding.  In addition, Tegegne et al. (2024) and Deshmukh et al. (2023) reported 2.2% and 02.00 % prevalence from water samples, which was very low compared to the present study.
3.2 Molecular detection of E. coli by PCR

The traditional diagnosis that relies on pathogen phenotype rather than genotype is gradually being replaced by rapid molecular techniques. The PCR has increasingly been referred to for detecting particular bacteria. The PCR surpassed the probe and signal amplification methods as the most popular nucleic acid amplification technology for diagnosing infectious diseases. The isolates, which were confirmed by cultural and biochemical tests, were further subjected to PCR. The DNA was extracted using snap chilling, and the quality of the DNA was analysed by gel electrophoresis, which did not show any shearing was considered pure. It was subjected to PCR following the standard protocols. The isolates were screened for E. coli by targeting the alr, and all 203 isolates of E. coli yielded 369 amplicons (Hegde et al, 2013) as shown in plate 3.


.
4. Conclusion

The majority of poultry meat and associated environmental samples marketed at local meat retailers were found to be contaminated with Escherichia coli. Therefore, the personnel involved in poultry slaughter and sale should maintain personal hygiene at the shop. Out of 350 poultry meat samples and associated environment samples, 203 (62.00 %) samples were found positive for E. coli based on cultural characteristics and biochemically. The emergence of antibiotic resistance in E. coli is of public health concern and needs to raise public awareness regarding the indiscriminate use of antibiotics as growth promoters or prophylaxis in livestock to curb the spread of antibiotic resistance. The presence of E. coli in poultry meat indicates unsanitary conditions and faecal contamination due to improper hygiene in the shop. 
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Plate 1: E. coli on MacConkey agar showing a pink-coloured colony
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Plate 2: E. coli on EMB agar showing Greenish metallic sheen colony
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Plate 3: Agarose gel showing amplification of the alr gene (369bp) by PCR 
(Ld: 100 plus bp ladder)
Lane 1 to 17 = Samples, Lane 4 and 8 = Negative sample, Lane 19 = Positive Control, 
Lane = 100bp plus DNA Ladder
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