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ABSTRACT
Background: Foodborne illness remains a significant public health concern, particularly in developing countries where mobile food vending is prevalent and food safety practices are often inadequate.
Aims: This study aimed to investigate the occurrence, antimicrobial resistance profiles, and molecular resistance determinants of Escherichia coli isolated from ready-to-eat foods sold by mobile food vendors in Awka, Nigeria.
Methodology: A total of 50 food samples, including porridge beans, spaghetti, jollof rice, stew, fried meat, and abacha, were collected in clean, sterile containers and analyzed using standard microbiological methods for isolating Escherichia coli. The Kirby-Bauer disk diffusion method was utilized to determine the antibiotic resistance patterns of the isolates, while polymerase chain reaction (PCR) was employed to detect the presence of resistance genes.
Results: Among the 50 food samples analyzed, 24 (48%) yielded positive growth on agar plate. The highest contamination rates were observed in jollof rice (25%) and abacha (20.8%). Biochemical characterization confirmed these isolates, revealing a positive IMViC profile characteristic of E. coli. Antimicrobial susceptibility testing indicated high levels of resistance to commonly used antibiotics, particularly β-lactam, fluoroquinolone, tetracycline, carbapenem and cephalosporin by the isolates. Molecular screening identified key resistance genes (Bla_NDM and Bla_SHV), confirming the presence of carbapenemase and extended-spectrum beta-lactamase (ESBL) resistance determinants among the isolates. The detection of multidrug-resistant E. coli with clinically significant resistance genes in mobile food samples points to a potential risk of community dissemination of antimicrobial resistance through foodborne transmission.
Conclusion: These findings highlight the urgent need for stricter regulations concerning mobile-vended foods, the improvement of hygiene practices among food handlers, and enhanced surveillance of antimicrobial resistance within a One Health approach.
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1. INTRODUCTION
Mobile foods, also known as street foods, are foods prepared and/or sold by vendors in street and other public places for immediate consumption or consumption at a later time without further processing or preparation (WHO, 1996). The mobile food sector plays a significant role in urban food systems in many developing countries (WHO, 2019). In Nigeria, urban populations rely heavily on mobile food vendors for daily meals due to the convenience and affordability (Adeosun et al., 2022). However, the absence of adequate sanitation, lack of clean water supply, limited food safety awareness, and poor food handling practices among vendors create a conducive environment for microbial contamination of food, posing a significant risk of foodborne illness transmission (Mazi et al., 2023; WHO, 2019).    

The contamination of food products by bacteria in Nigeria poses significant public health risks (Ndahi and Gaiya, 2020). Among microbial food contaminants is Escherichia coli. Escherichia coli (E. coli) is a Gram-negative, facultative anaerobe typically found in the gastrointestinal tracts of humans and animals. It is regarded as a key indicator organism associated with foodborne diseases. While most E. coli strains are harmless, some, such as Enteropathogenic (EPEC) E. coli, Enterohemorrhagic (EHEC) E. coli, and Shiga toxin-producing E. coli, can cause serious health issues. Infections from these pathogenic strains may result in severe gastrointestinal symptoms, including diarrhea, hemorrhagic colitis, and hemolytic uremic syndrome (Kaper et al. 2022). Food handlers serve as critical sources for E. coli transmission when basic hygiene protocols are neglected (Salamandane, 2023). According to Mensal et al. (2022), Contaminated hands can transfer pathogenic strains to ready-to-eat foods through direct contact, particularly when handlers fail to wash their hands after using the restroom, handling raw ingredients, or touching contaminated surfaces. The presence of E. coli in ready-to-eat mobile foods signals poor hygiene in food preparation and handling, highlighting critical health risk in food safety systems, particularly in densely populated urban areas where food is often prepared and sold in open, unsanitary environments (Viana et al. 2025).

Compounding the problem of food microbial contamination is the growing threat of antimicrobial resistance (AMR). Antimicrobial resistance (AMR) has emerged as a global health threat, with multidrug-resistant (MDR) strains of E. coli increasingly reported in food and environmental sources. Several studies have shown that E. coli are capable of resisting multiple classes of antibiotics including; β-lactams, fluoroquinolones, aminoglycosides, and sulfonamides (Ahmed et al. 2021; Al-Gallas et al. 2023). The emergence of multidrug-resistant (MDR) E. coli in food not only limits treatment options for infected individuals but also serves as a potential reservoir for resistance genes that can be transferred to other pathogens via mobile genetic elements. The One Health perspective recognizes food as a key interface through which AMR can spread between humans, animals, and the environment (FAO/WHO/OIE, 2022). 

In Nigeria, there have been reports of foodborne disease outbreaks over the years which have claimed lives. The Consumer Advocacy for Food Safety and Nutrition Initiative (CAFSANI) estimates that 173 million cases of foodborne illnesses occur in Nigeria, resulting in 33,000 deaths annually (FAO/WHO/OIE, 2022). The WHO estimates that over 600 million people become ill due to consuming contaminated food, resulting in over 420,000 deaths annually (WHO, 2020). Although studies have explored the presence of E. coli in contaminated food sample, there is a limited data on its presence and characteristics in mobile food sector, particularly with regards to antimicrobial resistance gene carriage in the study area. Therefore, this study aimed to isolate and identify Escherichia coli from ready-to-eat foods sold by mobile vendors in Awka and to characterize their antimicrobial resistance profiles using both phenotypic and molecular methods. 


2. MATERIALS AND METHODS
2.1 Study Area and Sample Collection
The study was conducted using mobile food vendors in Awka, Anambra, Nigeria. A total of 50 cooked food samples, including porridge beans, spaghetti, jollof rice, stew, fried meat, and Abacha, were randomly purchased from mobile food vendors in Awka. All samples were aseptically collected into sterile containers, labeled, and transported to the Microbiology laboratory in an ice box within two hours of collection for microbial isolation and identification.

2.2 Isolation and Identification of E. coli     
Isolation and identification of Escherichia coli was done as described by Lal and Cheeptham (2007). Ten grams of each food sample were homogenized in 90 mL of sterile buffered peptone water and incubated at 37°C for 18 hours before being streaked onto Eosin Methylene Blue (EMB) agar, a selective medium for the isolation of E. coli. The plates were then incubated at 37°C for 24 hours. Colonies with characteristic metallic green sheen were selected and further identified using standard biochemical tests, including indole production, methyl red, Voges-Proskauer, and citrate utilization tests (IMViC). The isolated E. coli were used for antimicrobial susceptibility testing.



2.3 Antibiotic Susceptibility Testing
The Antimicrobial susceptibility of the isolates was determined using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Oxoid, England) as previously described by Abana and Nwajiobi (2021), following the guidelines of Clinical and Laboratory Standards Institute (CLSI, 2022). The antibiotics tested include: Ampicillin (10µg), Augmentin (10µg), Cefotaxime (10µg), Ciprofloxacin (30µg), Levofloxacin (20µg), Imipenem(10µg), gentamicin(30µg), Amikacin (30µg), tetracycline(10µg) and Sulfamethoxazole-Trimethoprim (10µg). Zones of inhibition were measured in centimeters using a meter rule and then converted to millimeter (mm). Isolates resistant to more than three antibiotic classes were considered multidrug-resistant (MDR) E. coli according to the Clinical and Laboratory Standards Institute (CLSI) 2022 guidelines.




2.4 Molecular Detection of Resistance Genes
To identify antibiotic-resistant genes, we employed a selection process for PCR analysis based on the results of antibiotic susceptibility testing. This approach aimed to determine the presence of resistance genes to various antibiotics, including β-lactams, Cephalosporin, Fluoroquinolones, and Carbapenem.

2.5 Genomic DNA Extraction
Genomic DNA from MDR E. coli isolates was extracted using the Quick-DNA™ Miniprep Plus Kit (Zymo Research) following the manufacturer’s instructions. 200 µl of each sample was mixed with 200 µl Bio Fluid and Cell Buffer and 20 µl Proteinase K, vortexed, and incubated at 55 °C for 10 min. An equal volume of Genomic Binding Buffer was added, and the mixture was transferred to a Zymo-Spin™ IIC-XL column and centrifuged at 12,000 × g for 1 min. The column was washed sequentially with 40 µl DNA Pre-Wash Buffer and 700 µl g-DNA Wash Buffer. DNA was eluted with 50 µl DNA Elution Buffer after 5 min incubation and stored at ≤ –20 °C until use.

2.6 PCR Amplification
PCR was performed to detect common resistance genes, including ESBL, Fluoroquinolones, and β-lactam. The PCR products were electrophoresed on a 1.5% agarose gel and visualized under UV light after ethidium bromide staining. 

Primers uses for the amplification of New Delhi metallo-β-lactamase genes, ESBL and Fluoroquinolones genes

Primers.                          Forward (5’ – 3’)                  Reverse ( 5’ – 3’)                     Product Size
	Bla_NDM
	GGTGCATGCCCGGTGAAATC
	ATGCTGGCCTTGGGGAACG
	401 BP

	Bla_SHV
	CGCCTGTGTATTATCTCCCT
	CGAGTAGTCCACCAGATCCT
	660 BP

	QNR A
	AGAGGATTTCTCACGCCAGG
	TGCCAGGCACAGATCTTGAC
	516 Bp



2.7 Data Analysis
Data were coded and analyzed using SPSS version 20. Descriptive statistics were used to summarize resistance patterns. The prevalence of resistance genes was expressed as percentages. Associations between antibiotics and MDR E. coli occurrence were assessed using chi-square tests. 

3. RESULTS
3.1 Isolation of E. coli
Out of 50 ready to eat food samples carried by mobile food vendors analyzed, 24 (48%) yielded E. coli isolates (Table 1). The highest frequency was observed in jollof rice and abacha samples.
Table 1: Percentage (%) of E. coli in mobile food samples
Food Samples       Number Analyzed    Number contaminated with E. coli    % Occurrence
Porridge Beans                  8                                    4                                             16.67
Spaghetti                            8                                    4                                             16.67
Jollof Rice                         10                                   6                                             25
Stew                                   8                                    5                                             12.5
Fried meat                          8                                    2                                             8.33
Abacha                               8                                    5                                             20.83
Total                                 50                                  24                                            100


3.2 Biochemical Characterization of E. coli isolated from Mobile Foods

Biochemical profiling of the isolates confirmed the presence of Escherichia coli based on characteristic reactions in the IMViC tests and other confirmatory tests as shown in table 2. They are positive for indole production, catalase and methyl red test, but negative for Voges-Proskauer, citrate utilization urease test. 


Table 2: Biochemical test result for E. coli Isolates from mobile food samples

Test                                         Result                       Interpretation
Indole                                           +                           Produce Indole from tryptophan
Methyl Red (MR)                          +                           Presence of mixed acid fermentation
Voges-Proskauer (VP)                 -                            Absence of acetoin production
Citrate Utilization                          -                            Cannot use citrate as sole carbon source
Catalase                                       +                           Catalase enzyme present
Urease                                          -                            No urea production

· = negative
      +     = positive
 


3.3 Antibiotic Susceptibility Testing

Table 3 shows the result of antibiotic susceptibility test. A total of 24 E. coli isolates were tested against ten antibiotics from different antimicrobial classes. The highest resistance rate was observed against ampicillin (100%), followed by levofloxacin (66.67%), tetracycline (66.7%), imipenem (62.5%), augmentin (58.33), and Cefotaxime (54.17). A lower resistance rate was recorded for gentamicin (20.25%), amikacin (33.33%) and sulfamethoxazole-trimethoprim (33.33%).  


Table 3: Percentage of E. coli Resistant to some Antibiotics (N = 24)
	

	S/N   Antibiotics             Class                          CLSI Breakpoint    Number of Resistant     %

	                                                                            (S – R) mm                  S       I        R           Resistant 

	1 Ampicillin                 β-lactam                      S ≥17,  R ≤ 14             0      0       0            100

	2 Augmentin               β-lactam                      S ≥18,  R ≤ 13             3      7       14          58.33

	3 Cefotaxime              Cephalosporin             S ≥ 23, R ≤ 14             5      6       13          54.17

	4 Ciprofloxacin           Fluoroquinolones         S ≥ 21, R ≤ 15             6      4       14          58.33       

	5 Levofloxacin            Fluoroquinolones         S ≥ 21, R ≤ 15             5      3       16          66.67

	6 Imipenem                Carbapenem                S ≥ 16, R ≤ 13             4      5       15          62.5

	7 Tetracycline            Tetracycline                  S ≥ 15, R ≤ 11             3      5       16          66.67

	8 Gentamicin              Aminoglycoside           S ≥ 15, R ≤ 12            11     8        5          20.25  

	9 Amikacin                  Aminoglycoside           S ≥ 15, R ≤ 12            10     6        8          33.33

	10 Sulfamethoxazole    Folate Pathway           S ≥ 16, R ≤ 10             9      7        8          33.33
Trimethoprim            inhibitor

	


S = Sensitive, I = Intermediate, R = Resistance, 
Ampicillin (10µg), Augmentin (10µg), Cefotaxime (10µg), Ciprofloxacin (30µg), Levofloxacin (20µg), Imipenem(10µg), gentamicin(30µg), Amikacin (30µg), tetracycline(10µg) and Sulfamethoxazole-Trimethoprim (10µg). 

3.4 Multidrug Resistance (MDR) Profile of E. coli Isolates
Multidrug resistance was defined according to Magiorakos et al. (2012) as resistance to at least one agent in three or more antimicrobial classes. Based on this definition, 20 isolates (83.3%) were classified as MDR, while 4 isolates (16.7%) were classified as non-MDR (Table 4). Table 5 show the distribution of MDR patterns in isolated E. coli. Analysis of class combination resistance patterns revealed that the most frequent MDR profile was β-lactam + fluoroquinolones + cephalosporin (25.0%), followed by β-lactam + fluoroquinolones + Carbapenem (20.8%). 	

Table 4: Multidrug Status of E. coli Isolates from mobile foods (N =24)
	MDR Category               Definition                                           No of Isolates  (%)      

	MDR                                 Resistant to ≥ 1 drug in                       20 (83.3)

	                                          ≥ 3 antimicrobial classes

	

	N0N - MDR                       Resistant to ≤ 3 antimicrobial              4 (16.7%)

	                                         Classes

	Total                                                                                            24 (100%)

	MDR = Multidrug-resistance



Table 5:  Distribution of MDR Pattern in E. coli Isolates from mobile foods (N =24
	Antimicrobial Classes                                           No. of Isolates             % of Total

	β-lactam + FQ + Cephalosporin                                 6                                 25.0

	β-lactam + FQ + Carbapenem                                    5                                  20.8

	β-lactam + FQ + Folate inhibitor                                2                                   8.3

	β-lactam + FQ + Aminoglycosides                            2                                   8.3

	β-lactam + Cephalosporin + Carbapenem                1                                   4.2

	β-lactam + Cephalosporin + folate inhibitor             1                                   4.2

	β-lactam +FQ + Cephalosporin + Carbapenem        2                                   8.3

	β-lactam + FQ+ Aminoglycosides +                          1                                   4.2

	folate inhibitor

	others (˂ 3 classes)                                                    4                                   16.7 


FQ = Fluoroquinolones
MDR = Multidrug-resistance

3.5 Molecular Detection of Resistance Genes
PCR screening targeted three resistance genes: NDM (Carbapenem), SHV (extended-spectrum β-lactam), and QNR (plasmid-mediated quinolones resistance). The gel electrophoresis revealed:
NDM: positive band detected in multiple isolates
SHV: Positive band detected in several isolates
QNR: No amplification product observed, indicating absence of QNR gene in tested isolates.
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Figure 1: Gel electrophoresis of Bla_NDM (660 bp), SHV (401 bp) and QNR A (516 bp) genes in E. coli isolated from mobile food samples using 500-1000 bp ladder.


DISCUSSION

The present study investigated the occurrence, antimicrobial resistance profile, and molecular characteristics of Escherichia coli isolated from ready-to-eat food samples sold by mobile food vendors. Out of 50 analyzed samples, 24 (48%) tested positive for E. coli. The highest levels of contamination were found in jollof rice (25%) and abacha (20.83%), followed by porridge beans and spaghetti, which each showed a contamination rate of 16.67%. Stew and fried meat had lower contamination rates of 12.5% and 8.33%, respectively (Table 1). These findings indicate that a significant proportion of mobile-vended foods in the study area are contaminated with E. coli, posing a potential risk for foodborne illness. These observations are consistent with the findings of Kaper et al. (2022) and Biegen et al. (2020), who reported microbial contamination in street-vended food in Nigeria and other countries, respectively. The higher contamination levels observed in starchy foods, such as jollof rice and abacha, may be linked to their preparation methods, prolonged storage at ambient temperatures, and the potential for post-cooking cross-contamination, as highlighted in previous studies (Israel and Samuel, 2020). The high prevalence of E. coli observed in this study aligns with the results of Afeez et al. (2024) and Ahmed (2021), who reported the presence of multidrug-resistant Escherichia coli in street foods sold in Nigeria and other developing countries. The isolation of E. coli, a common fecal indicator bacterium, suggests potential fecal contamination of food. Such contamination can arise from sources like contaminated water (Awari et al. 2025), improperly washed utensils, poor hygiene, or contaminated raw ingredients (Osalumhense and Ekudayo, 2021; Ajayi, 2019).
Antimicrobial susceptibility testing (AST) revealed that the isolates exhibited high resistance to commonly prescribed broad-spectrum antibiotics. High resistance rates were observed against ampicillin (100%), levofloxacin (66.67%), tetracycline (66.7%) and Imipenem (62.5%). However, it is moderately susceptible to other antibiotics. This result is in agreement with the findings of Al-Gallas et al. (2023) and Nwajiobi et al. (2023), who reported the high prevalence of ESBL-producing Escherichia coli to β-lactam antibiotics from food samples and in clinical settings. The significant resistance to β-lactam and fluoroquinolone antibiotics suggests extensive and prolonged use of these drugs, indicating antibiotic overuse as a driver of resistance. Alarmingly, 62.5% of the isolates exhibited resistance to carbapenem. This is concerning, as carbapenem are typically reserved for multidrug-resistant infections. This observation correlates with previous reports by Thapa et al. (2022) which reported high resistance of E. coli to Imipenem. The high levels of MDR observed in this study are concerning, as they limit therapeutic options for treating E. coli infections and increase the risk of treatment failure. The presence of such multidrug-resistant foodborne E. coli strains suggests possible dissemination of resistant bacteria from clinical, animal, and environmental sources into the food chain.

Molecular characterization confirmed the presence of key resistance determinants. PCR analysis detected the bla_NDM and bla_SHV genes among carbapenem and extended-spectrum β-lactam-resistant isolates, while QNR genes, conferring plasmid-mediated quinolone resistance, were absent in the tested E. coli samples. The detection of the bla_NDM gene in carbapenem-resistant isolates confirms the presence of potent carbapenemase activity, which is consistent with the reports of NDM-producing E. coli by Thapa et al. (2022). Detection of SHV β-lactamase gene in multiple isolates aligns with the observed cefotaxime resistance, supporting its role in extended-spectrum β-lactam (ESBL) resistance in the study population. The co-occurrence of fluoroquinolone resistance (ciprofloxacin 58.33%, and levofloxacin 66.67%) with the absence of the QNR gene suggests that resistance in these isolates is likely mediated by chromosomal mutations in the quinolone resistance-determining regions (QRDRs) of the gyrA gene rather than by plasmid-mediated mechanisms.

CONCLUSION
This study demonstrates a high prevalence of multidrug-resistant E. coli in ready-to-eat food sold by mobile food vendors in Awka, Nigeria. These findings highlight the urgent need for stricter regulations concerning mobile-vended foods, improved hygiene practices among food handlers, and enhanced surveillance of antimicrobial resistance within a One Health framework. The high rates of MDR observed underscore the critical need for stringent antimicrobial stewardship policies and continuous molecular surveillance to track emerging resistance genes.
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