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Abstract
The contamination of fresh vegetables with antimicrobial-resistant bacteria poses a growing threat to food safety, especially in regions with poor agricultural hygienic practices. To investigate the prevalence and antimicrobial resistant (AMR) Escherichia coli in selected farms around the Benue River, we conducted a cross- sectional analytical study from April 01st to 31st May 2025.  A total of 170 samples including lettuce, soil, and irrigation water were collected from five small farms. Standard microbiological techniques were used for isolation and identification of E. coli, while antibiotic susceptibility testing was performed on confirmed isolates using the Kirby-Bauer disk diffusion method. Out of the 170 collected samples (lettuce:85, soil:75, and water:10), 79 (46.47%) were tested positive for E. coli. The highest contamination rate was found in lettuce (55.3%), irrigation water (50%) and soil (36%). Resistance profile revealed a high prevalence of multidrug resistant (MDR) strains across all matrices. Lettuce isolates exhibited highest resistance to Amoxicillin-clavulanate (87.23%), Ceftazidime (82.98%), and Ciprofloxacin (87.23%). Irrigation water isolates showed 100% resistance to almost all tested betalactams antibiotics (except meropenem 100% sensitive). Soil isolates presented resistance rate of (59.26%) to cefotaxime and Fosfomycin. ESBL phenotypes were also present in each sample type with 16.47% in lettuce, 6.66% in soil and 30% in irrigation water. These results reveal the prevalence of E. coli exhibiting MDR in farms surrounding the Benue River, with lettuce potentially acting as a key transmission vector of resistant strains to consumers. These findings underscore the urgent need for integrated One Health interventions, including farmer training, water treatment, and AMR awareness programs to safeguard food safety and public health.
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Introduction
The increasing prevalence of antimicrobial resistance (AMR) in E. coli presents a serious public health challenge, as resistant strains reduce the effectiveness of antibiotics used by humans (WHO, 2023).  Fruits and vegetables are known to be nutritious and healthy foods, that is why WHO and FAO promote their consumption (WHO, 2003). Unlike cooked foods, raw vegetables like Lettuce (Lactuca sativa) are often consumed without processing, increasing the risk of ingesting pathogenic bacteria (Iwu and Okoh, 2019; Liguori et al., 2022). E. coli is a gram negative bacilli, an enteric commensal of mammals, common contaminant of agricultural environments which can be introduced through irrigation water, manure, soil, and human contact during farming and handling (Liguori et al., 2022). While some strains are harmless, pathogenic E. coli can cause severe illnesses, such as diarrhoea, urinary tract infections, and haemolytic uremic syndrome (CDC, 2024).  Foodborne illnesses remain a significant public health concern worldwide, with fresh products serving as a major vector for foodborne pathogens. Lettuce is among the most widely consumed vegetables worldwide and are particularly susceptible to microbial contamination due to their direct exposure to soil, irrigation water and handling practices during cultivation (Zaman and Bari, 2024). The overuse and misuse of antibiotics in agriculture particularly in animal farming, have contributed to the persistence of AMR in environmental reservoirs throughout manure, and polluted effluents used in irrigation (Gemeda et al., 2023). Globally, foodborne diseases are primarily caused by microbial contamination. The World Health Organization (WHO) estimates that foodborne diseases cause over 420 000 deaths. Children are disproportionately affected, with 125 000 deaths every year in people under 5 years of age. The majority of these cases are caused by diarrhoeal diseases, enteric bacteria including E. coli are commonly implicated (WHO, 2025). A key challenge in Africa is the growing issue of antimicrobial resistance, which complicates the treatment of infections caused by E. coli and other pathogens. The inappropriate use of antibiotics in agriculture, as well as the indiscriminate use of antibiotics in human medicine has contributed to the spread of AMR in both humans and animals, which in turn increases the risk of more severe and resistant infections (Gemeda et al. 2023). This issue has made it imperative to monitor and assess antimicrobial resistance in pathogens from food sources, including vegetables, as part of global efforts to mitigate AMR (FAO, 2025). In sub-Saharan Africa, the risks of contamination are further exacerbated by limited access to clean water and poor agricultural practices. Studies in African countries have reported significant contamination of fresh products with E. coli and other enteric pathogens (Saeed, 2013; Iwu and Okoh, 2019; Maikai and Akubo, 2019; Maïwore et al., 2020; Anokyewaa Appau and Ofori, 2024). The transmission risk of antimicrobial resistant pathogens has been addressed in some African countries (Anokyewaa Appau and Ofori 2024; Gemeda et al., 2023; Zaman and Bari 2024; Rahube et al., 2014). In Cameroon, studies have addressed the microbial pathogens contamination of vegetables (Maïwore et al., 2020; Dalambert et al., 2024), but the transmission risk of antimicrobial resistant strains is not yet explored in northern regions of Cameroon
In this study we evaluate the antimicrobial resistance profile of Escherichia coli contaminating Lettuce, soil and irrigation water in farms surrounding the Benue River in Garoua, North Cameroon.
Material and Methods
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Type of Study
This was an observational cross-sectional study, focused on the measurement of the prevalence of E. coli resistance in isolates from lettuce, soil and irrigation water.
Sampling sites and period
Samples were collected from march 1st to May 31th 2025 in five open air small farm lands of lettuce (Lactuca sativa) near Benue River in Garoua were sampled. Sampling sites are indicated in the figure 1.
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[bookmark: _Toc201351673][bookmark: _Toc201584144]Figure 1: Farm sampling sites studied (FA, FB, FC, FD, FE)
Samples Collection
Samples were collected after farmers have given their consent to conduct the study in their farms. Lettuce, soil samples were picked aseptically and were put into labelled sterile appropriate plastic bags or tubes.
Lettuce samples were selected using a Systematic random sampling design. Each farm was divided following alignment of plants systematically by points respecting a regular interval, to provide a representative sample for the whole farm.
Loamy soil was sampled at a depth of 2 - 4 cm. We used a flame sterilised spoon to collected 1g of soil from each selected point, and placed in sterile tubes. The samples were identified by a unique sample code (Lupindu, 2017).
Water samples were collected with sterile glass bottles by dipping it at 5 cm below the water surface to avoid collecting large particles debris on the surface (Lupindu, 2017). 
To prevent contamination, all samples were picked with different gloves. All samples were preserved in their raw state and transported on ice in a cool box within two hours to the laboratory for analysis.
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	Samples 
	

	[bookmark: _Hlk201068267]Farm 
	Soil
	Lettuce
	River Water

	FARM A
	10
	30
	

10

	FARM B
	13
	10
	

	FARM C
	15
	10
	

	FARM D
	15
	5
	

	FARM E
	12
	30
	

	Total
	75
	85
	10


	



Table I above, presents the distribution of samples collected from each farm based on three categories of interest: soil, lettuce and, irrigation water. A total of 170 samples were collected across five small farm lands.
Isolation and Identification of E. coli. 
One gramme of lettuce or soil were weighed into well-labelled sterile zip lock bags and 9 mL of peptone water (RDM-PW-01, India) was added and left immersed for 5 minutes before manual shaking homogenization in two phases, 5 minutes each (Feng et al., 2020). One millilitre of the resulting mixture was taken and dilutions made, inoculated onto MacConkey culture medium (RDM-MCA-02, India) and then incubated for 24 hours at 44°C. We used 3 typical colonies formed (pink to red) to streak on Eosin Methylene Blue Agar (CM-EMB110, UK) and incubated for 24± 2 hours at 37°C (Feng et al., 2020). Colonies with a shiny green metallic appearance were used for indole test (peptone water and kovacs reagent). Positive tubes (retained the red color ring following simple agitation) were confirmed as E. coli. Few isolates were confirmed using API 20 E (Biomerieux®) and stored in Brain Heart Infusion (Oxoid, UK) with 20% glycerol (Lupindu, 2017).
Enumeration of E. coli. 
For the enumeration of E. coli bacteria in soil samples and lettuce leaves, 1mL of the primary suspension obtained after adding 1g of soil or lettuce into 9mL of peptone water was diluted in serial dilution. Then 1 mL of two dilution and the primary suspension were plated in to MacConkey medium and incubated at 44°C for 24 h. For the enumeration of E. coli bacteria in each irrigation water sample, 1mL of homogenized water was used for dilution as indicated above. Microbial load was obtained using de following formula (Chouhan, 2015):

C: microbial concentration in cfu/mL;
N: total number of colony count;
Fd: dilution factor of the sample inoculated;
V: volume plated in mL.
Antimicrobial susceptibility testing
The antimicrobial susceptibility test was carried out using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar plates as recommended by the Clinical and Laboratory Standards Institute (CLSI, 2024). The tested antimicrobials (abbreviations and load are in brackets) were: amoxicillin-clavulanic acid (AMC; 20/10 µg), ceftazidime (CAZ;30µg), cefotaxime (CTX;30µg), cefepime (FEP;30µg), meropenem (MEM;10µg), chloramphenicol (C;30µg), ciprofloxacin (CIP;5µg), norfloxacin (NOR;10µg), Fosfomycin (FF;200µg). After 24h incubation, E. coli isolates were classified as susceptible (S), intermediate (I) or resistant (R) according to the clinical interpretative criteria recommended by CLSI (CLSI, 2024).
Phenotypic determination ESBL
According to CLSI guidelines, strains showing zone of inhibition of ≤22 mm for ceftazidime, ≤27 mm for cefotaxime, and ≤25 mm for ceftriaxone were selected for confirmatory tests of ESBL. 
For confirmation, Double Disc Synergy Test was used: Fresh colonies were suspended in normal saline and the turbidity was adjusted to 0.5 Mc Farlands standard while lawn culture was performed on Mueller-Hinton agar using sterile swab. Amoxicillin-clavulanate (20/10 μg) was placed in the centre of the plate. Discs of cefotaxime (30 μg) and ceftazidime (30 μg), were placed both side with centre-to-centre distance of 25 mm to centrally placed disc. The plate was incubated at 37◦C for 18 - 24h. ESBL production was interpretated as the 3rd-generation cephalosporin disc, inhibition was increased towards the Amoxicillin-clavulanate disc or if neither discs were inhibitory alone, but bacterial growth was inhibited where the two antibiotics were diffused together.
Data analysis
The percentages of antibiotic resistance were generated using Microsoft Excel 2016 whereas the geometric means, ranges, and standard deviation were also used for bacterial loads with SPSS version 20.
Results and Discussion
1. 
3. Results 
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Prevalence of E. coli contamination and microbial load
Global prevalence of contamination
A total of 170 samples from 5 selected farms were collected out of which 79 were contaminated with E. coli. giving a global prevalence of 46.47%.
[image: ]
Figure 2: Overall prevalence of E. coli contamination of samples (lettuce, soil, and irrigation water) analysed in the study.
Prevalence of contamination by sample type
[bookmark: _Toc201351702][bookmark: _Toc201584173]Table II: Proportion of samples contaminated by E. coli
	
	Sample Type

	
	Lettuce
	
	River water
	
	Soil

	
	n
	(%)
	
	n
	(%)
	
	n
	(%)

	Positif
	47
	(55.3)
	
	5
	(50.0)
	
	27
	(36.0)

	Negative
	38
	(44.7)
	
	5
	(50.0)
	
	48
	(64.0)

	Total
	85
	(100)
	
	10
	(100)
	
	75
	(100)


In Table II out of 170 samples analysed, 79 (46.47%) were contaminated with E. coli. Lettuce samples had the highest of contamination, with 47 (55.3%) isolates. This highlights raw vegetables as a significant reservoir and potential transmission route for E. coli, likely due to direct contact with contaminated soil, irrigation water or handling during harvesting. Soil samples were 36% contaminated, indicating a strong environmental reservoir. This suggests that E. coli contamination may be rooted in poor agricultural practices. Water sources were averagely contaminated (50%), reflecting the potential contamination of the irrigation source, possibly through faecal pollution by human or animal activities. 
variation of Bacterial loads in Lettuce, soil and irrigation water samples.
[bookmark: _Toc201351705][bookmark: _Toc201584176]Table III: Colony- Forming Unit Counts in agricultural and water samples
	Farm
	Sample type
	Mean
	Standard deviation
	Maximum
	Minimum

	
Farm A
	Lettuce
	4.13.103
	7.12.103
	3.4.104
	0

	
	Soil
	3.0.103
	3.29.103
	1.25.104
	0

	
Farm B
	Lettuce
	9.7.102
	9.61.102
	2.25.103
	0

	
	Soil
	1.79.103
	1.91.103
	5.5.103
	0

	
Farm C
	Lettuce
	1.33.103
	1.71.103
	4.7.103
	0

	
	Soil
	2.57.103
	4.28.103
	1.67.104
	0

	
Farm D
	Lettuce
	1.30.103
	1.25.103
	2.8.103
	0

	
	Soil
	3.55.103
	4.52.103
	1.7.104
	0

	
Farm E
	Lettuce
	2.48.103
	4.81.103
	2.05.104
	0

	
	Soil
	1.4.103
	2.29.103
	8.0.103
	0

	Irrigation water
	River water
	2.62.103
	2.03.103
	6.8.103
	2.102


From these results, there is variability in bacterial abundance across farms and sample types. In Lettuce samples, Bacterial counts vary significantly from a minimum of 0.0 to a maximum of 1.25.104CFU/mL. Farm A showed the highest mean bacterial count in Lettuce (4.13.103CFU/mL).  The high standard deviation of lettuce samples indicates that bacterial counts in Lettuce can be very inconsistent even within the same farm. This might be due to uneven contamination or variations in sampling points. Soil samples generally exhibited high bacterial counts which is typical as the soil is a rich microbial environment. Similar to lettuce, Farm A’s soil samples contained (3.0.103 CFU/mL). Like lettuce, soil samples also showed considerable variability. In river water, average bacterial count was 2.62.103 CFU/mL, confirming that river water used for irrigation contains heavy loads of bacteria. The standard deviation (2.03.103 CFU/mL) relative to the mean was within the range of variability observed in soil and lettuce.
Antibiogram resistance profile of isolates from each sample type
Resistance profile to tested antibiotics molecules of E. coli isolated from lettuce, soil and irrigation water
Table IV : resistance profile of E coli isolated from lettuce, soil and irrigation water
	 
	Sample type

	
	Lettuce (n=47)
	irrigation water (n=5)
	Soil (n=27)

	
	n
	(%)
	n
	(%)
	n
	(%)

	Amoxicillin-clavulanate (AMC) 
	I
	3
	(6.38)
	0
	(0)
	3
	(11.11)

	
	R
	41
	(87.23)
	5
	(100)
	8
	(29.63)

	
	S
	3
	(6.38)
	0
	(0)
	16
	(59.26)

	Ceftazidime (CAZ) 
	I
	5
	(10.64)
	0
	(0)
	5
	(18.52)

	
	R
	39
	(82.98)
	5
	(100)
	5
	(18.52)

	
	S
	3
	(6.38)
	0
	(0)
	17
	(62.96)

	Cefotaxime (CTX) 
	I
	0
	(0.00)
	0
	(0)
	3
	(11.11)

	
	R
	30
	(63.83)
	5
	(100
	16
	(59.26)

	
	S
	17
	(36.17)
	0
	(0)
	8
	(29.63)

	Chloramphenicol (C ) 
	I
	3
	(6.38)
	0
	(0)
	3
	(11.11)

	
	R
	30
	(63.83)
	4
	(80)
	3
	(11.11)

	
	S
	14
	(29.79)
	1
	(20)
	21
	(77.78)

	Cefepime (CPM) 
	I
	0
	(0.00)
	0
	(0)
	8
	(29.63)

	
	R
	22
	(46.81)
	5
	(100)
	3
	(11.11)

	
	S
	25
	(53.19)
	0
	(0)
	16
	(59.26)

	Meropeneme (MEM) 
	I
	6
	(12.77)
	0
	(0)
	8
	(29.63)

	
	R
	11
	(23.40)
	0
	(0)
	3
	(11.11)

	
	S
	30
	(63.83)
	5
	(100)
	16
	(59.26)

	Norfloxacin (NX) 
	R
	28
	(59.57)
	1
	(20)
	0
	(0.00)

	
	S
	19
	(40.43)
	4
	(80)
	27
	(100.00)

	Fosfomycin (FO)  
	R
	8
	(17.02)
	1
	(20)
	16
	(59.26)

	
	S
	39
	(82.98)
	4
	(80)
	11
	(40.74)

	Ciprofloxacin (CIP)  
	I
	0
	(0.00)
	0
	(0)
	11
	(40.74)

	
	R
	41
	(87.23)
	0
	(0)
	5
	(18.52)

	
	S
	6
	(12.77)
	5
	(100)
	11
	(40.74)


[bookmark: _Toc201351706][bookmark: _Toc201584177]Notes: S=susceptible, I=intermediate, R=resistant
The table IV presents the antibiogram profile of E. coli in lettuce samples, showing the susceptibility, intermediate and resistance of E. coli to different antibiotic families.
E. coli isolates were highly resistant (>85%) to Amoxicillin-clavulanate (AMC), Ceftazidime (CAZ) and ciprofloxacin, compared to 63.83% for Cefotaxime (CTX).  
E. coli isolates were more susceptible to Fosfomycin (82.98%) than meropenem (63.86%) and cefepime (53.19%), indicating these two antibiotics were appropriate to be prescribed if these E. coli are to be eradicated.
All E. coli isolates from irrigation water were 100% resistant to antibiotics of the batalactams family (AMC, CAZ, CTX, CPM), except meropenem for which the isolates were 100% susceptibles.
As far as E. coli isolates originated from soil were concerned, they were 100% susceptible to NX, 77.78% to C, 62.96% CAZ and 59.26% to MEM, AMC and CFM. They were only resistant to FO and  CTX at the rate of 59.26%. 
Prevalence of ESBL phenotypes
Table V :Prevalence of ESBL phenotype in lettuce, soil and irrigation water;
	Samples 
	Number tested
	Prevalence (%)
	ESBL E. coli (%)

	lettuce
	85
	47
	(55.3)
	14
	(16.47)

	Soil
	75
	27
	(36.0)
	5
	(6.66)

	irrigation water
	10
	5
	(50.0)
	3
	(30.0)



ESBL phenotype was detected on each sample type, including lettuce (16.47%), soil (6.66%) and irrigation water (30%).
Discussion
The present study investigated in the prevalence and antimicrobial resistance profiles of E. coli isolated from lettuce, soil, and irrigation water, sampled in 5 farms along the Benue River. Among the 170 samples collected, E. coli was isolated in 79 samples. Isolation rate of E. coli was 55.3% in lettuce, 50% in irrigation water (river water), and 36% in soil samples. 
Isolation of E coli in lettuce in this study confirms other results in Maroua (Maïwore et al., 2020), who identified E coli as frequent contaminant of lettuce produced in Maroua. This was also reported in other regions of Cameroon with other vegetables (Akoachere, Tatsinkou and Nkengfack, 2018; Tanyitiku et al., 2023; Dalambert et al., 2024; Tsafack et al., 2025). 
The isolation rate in lettuce was close to that of a study conducted in Ukraine by (Salmanov et al., 2021) who got a 40.6% prevalence of E. coli in Fresh vegetables (leafy herbs). It appears lower than 98% reported by Anokyewaa Appau and Ofori, (2024) in a study conducted in Kumasi, Ghana. The difference could be due to variation of temperature that was relatively low in Kumasi compared to high in Garoua. In addition, our study was conducted in the dry season as opposed to a long period of humid rainy season as reported by Anokyewaa Appau and Ofori, (2024) in Ghana. Another factor was usage of manure as fertiliser which is known to harbour gut microbes. High temperature in this study and exposition of the fields to direct intense sunlight could have killed microbes, thus influencing the isolation rate of E. coli (Lupindu, 2017). Nevertheless, the prevalence in the study sites is sufficient to request for monitoring and control measures.
The high prevalence in lettuce samples (55.3%) with a high microbial abundance of 4.13.103/mL, was higher than the 33.3% reported by (Maïwore et al., 2020) in Maroua, Cameroon. This difference could be related to the contamination of irrigation water (50%) and the proximity of studied farms to the Benue River where effluents of municipal slaughter lab are drawn. This high prevalence reflects a concern in level of contamination that poses a public health risk, thus reinforcing the need of adopting One Health Approach in addressing such microbial hazards. Another study in Ghana found E. coli  in 25  lettuce samples analyzed, with counts ranging from 186 to 3000 CFU/g  (Quarcoo et al., 2022), quite lower than ours and reflecting the lack of good agricultural practices in the region.
Soil samples were found to harbor E. coli (36%), with variable bacterial load across the 5 farms. This finding supports the role of soil as a stable environmental reservoir for enteric pathogens, likely influenced by the use of untreated irrigation water and observed fecal contamination, indicating poor hygienic practices. Such conditions provide a fertile ground for bacterial survival and proliferation. Similar previous findings in Ethiopia by (Gemeda et al., 2023a) who reported 53% of soil samples tested positive for E. coli. This finding shows a higher prevalence than our 36%, which further highlights the nature of fecal contamination in African farming system. The high prevalence obtained by Gemeda et al. (2023) might be influenced by their focus on extensive smallholder livestock production systems, where direct animal fecal are spread into the environment, including soil could be more pronounced than in a vegetable farming context. The usage of untreated irrigation water from the river by all cultivators showed a 50% E. coli prevalence, and could directly contribute to this soil contamination (Luna-Guevara et al. 2019;). Although untreated, the irrigation water from the river is widely utilized in nearby farms for the production of raw vegetables such as lettuce and cabbage. Irrigation water has been reported to be a vector for pathogens that colonize irrigated vegetable (Allende and Monaghan, 2015; Dalambert et al., 2024). 
The resistance profile of E. coli reported in this study was alarming and shows the potential risk of pathogens transmission through lettuce consumption, furthermore the gravity due to multidrug resistance associated to isolates. As these pathogens are adapted to human, animal and environment which includes soil, water from different sources and plants, it can easily disseminate and share resistance throughout gene transfers. This global health issue is now more evident (Murray et al., 2022; WHO, 2023). Antibiotics are the basic of treatments given for human and animal infections and could trigger some of the bacteria to develop resistance to the antibiotics which are used against them (Anokyewaa Appau and Ofori, 2024). Antibiotic usage may contribute to the development of resistance to the same antibiotic class, or others (Sahoo et al., 2010; Mąka and Popowska, 2016). These pathogens may subsequently enter water bodies and finally be used in irrigating vegetables for consumption. Vegetables eventually get contaminated with resistant pathogens and affect the whole food chain (Alegbeleye, Singleton and Sant’Ana, 2018; Anokyewaa Appau and Ofori, 2024; Desye et al., 2024; Hussein, Muhialdin and Faraj, 2025). All E. coli isolated from lettuce showed relatively high resistance to nine antibiotics tested. Amoxicillin-clavulanate (AMC) and Ceftazidime (CAZ) demonstrated high prevalence of resistance of 87.23% and 82.98% respectively. Moderate resistance was observed in Meropenem (MEM) which showed the highest susceptibility of bacteria to the Betalactam antibiotic family (63.83%). These results corroborate with those of the study conducted in Ghana by (Anokyewaa Appau and Ofori, 2024) who found similar resistance patterns in Betalactams with Cefotaxime (CTX) stiulating resistance profile of 91.7%. In bacteria, high resistance rates have now been reported by many studies throughout the world (Miller et al. 2022; Akoachere et al. 2018; Kelbrick et al. 2023). Low isolation and resistance have been noticed in settings like greenhouse and where groundwater is used for irrigation (Holvoet et al., 2013), which is known to be well preserved.
The presence of multidrug-resistant pathogens on lettuce could be due to the transmission of multidrug-resistant pathogens present in irrigation water and soil during irrigation (Alegbeleye, Singleton and Sant’Ana, 2018; Liao et al., 2021; Gemeda et al., 2023b; Kelbrick, Hesse and O’ Brien, 2023). Antimicrobial resistance is also known to be induced by other biocides used in agriculture (Kurenbach et al., 2015; FAO, 2020; Pöppe et al., 2020).
Mixed resistance and susceptibility observed in soil on Meropenem (MEM) and Ciprofloxacin (CIP) showed susceptibility rates by bacteria of 59.26% and 40.74%, respectively while other antibiotics like Cefepime (CPM), and Fosfomycin (FO) showed resistance patterns. 
In irrigation water, 100% resistance to 3 Betalactams antibiotics such as Amoxicillin-clavulanate (AMC), Ceftazidime (CAZ) and Cefepime (CPM) underscores contamination risk as river water was the sole source of irrigation for all the five farms studied. Results were observed in the Ghanian study (Anokyewaa Appau and Ofori, 2024) where they reported high resistance patterns of germs in Meropenem (MEM) (98.4%), opposite to a (0%) resistance to MEM found in this study. A study in hospital cases in Cameroon reported a low resistance rate of 3.57% in clinical isolates (Mahamat et al., 2024). This great difference may be related to stewardships on usage of this molecule usually reserved for critical infections in intensive care units. Thus, relatively fairly used compared to cephalosporins.
ESBL phenotype was detected on each sample type: lettuce soil and irrigation water isolation rates were respectively 16.47%, 6.66%, 30%. Other studies in Africa reported isolation of ESBL in farms products and it environment (Quarcoo et al., 2022; Igbinosa et al., 2023).
Quality control
Fertility and sterility test were performed and validated for each culture media preparation.
We used blank controls for suspending solutions used during the procedure.
References strains were used to control antibiotics.
Limitations: 
We did not used enrichment media before isolation; thus, only culturable bacteria was studied,
this study was conducted during the dry season only, variations related to season were not considered
methods for identification and antimicrobial resistance were only phenotype; molecular techniques were not used.
Conclusion
This research unequivocally demonstrated the pervasive nature of E. coli contamination from contaminated water sources like the Benue River, to agricultural soils and to lettuce as one of the most consumed vegetables by the population, showing the potential link in the transmission. A key finding was the alarmingly high rates of E. coli resistance to multiple classes of antibiotics, including those important for human medicine such Amoxicillin-clavulanate, Meropenem and Ceftazidime. It carries profound implications for the effectiveness of last- resort treatments. Our findings underscore the critical role of irrigation water, particularly the Benue River as a primary vehicle for disseminating E. coli across the environment. We traced the presence of resistant strains from the cultivated vegetables and water sources providing concrete evidence of environmental pathways for human exposure to contamination in Garoua. Beyond the environment, our results also pointed out the contribution of agricultural practices in exacerbating the spread of AMR. This study delivered compelling evidence for a ‘‘One Health’’ challenge in the region, where humans, animals and the environment are inextricably linked through the cycle of AMR. This research raises a critical call to action emphasizing that safeguarding public health and preserving the efficacy of antibiotics depend on integrated interventions addressing AMR at its diverse environmental and agricultural roots.
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