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PREVALENCE OF EXTENDED SPECTRUM BETA LACTAMASE PRODUCING ESCHERICHIA COLI FROM SELECTED DOMESTIC SEWAGES AT IWOROKO -EKITI, EKITI STATE, NIGERIA



ABSTRACT
Background: The emergence of antimicrobial-resistant bacteria in environmental reservoirs poses a significant public health concern. This study investigated the prevalence, antimicrobial resistance patterns, and extended-spectrum beta-lactamase (ESBL) production among Escherichia coli isolated from untreated domestic sewage in Iworoko-Ekiti, Nigeria. 
Research Methodology: A total of 45 sewage samples were collected from five locations and processed using standard microbiological techniques. Presumptive isolates were identified based on morphological and cultural characteristics on selective media and confirmed by 16S rRNA gene sequencing. Antibiotic susceptibility testing was performed using the disk diffusion method, and ESBL production was determined using the combination disk synergy test. 
Results: Three enteric bacterial species were recovered, with E. coli representing the predominant isolate (23/45; 51.1%), followed by Klebsiella spp. (31.1%) and Enterobacter aerogenes (17.8%). Antibiotic susceptibility testing revealed high resistance among E. coli isolates to cefuroxime (95.6%), meropenem (78.2%), ciprofloxacin (78.2%), cefotaxime (73.9%), and ceftriaxone (69.5%), indicating widespread multidrug resistance. Moderate resistance was observed for amikacin, chloramphenicol, cotrimoxazole, and tetracycline (47.8% each), while gentamicin showed comparatively lower resistance (34.7%). ESBL production was confirmed in 13 of 23 E. coli isolates (56.5%). Synergy testing demonstrated enhanced inhibition with amoxicillin–clavulanate and cefotaxime in 39.1% of isolates and with ceftazidime in 21.7%. Site-specific analysis revealed the highest ESBL prevalence at the New Jersey hostel (80%). 
Conclusion: These findings demonstrate that untreated domestic sewage serves as an important environmental reservoir of multidrug-resistant and ESBL-producing E. coli. The detection of resistance to critically important antibiotics highlights potential risks for environmental dissemination and public health exposure, emphasizing the need for improved sewage management, routine surveillance, and antimicrobial stewardship strategies.
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INTRODUCTION
In a One-Health framework, antimicrobial resistance (AMR) has been recognized as a major worldwide health issue that connects the environmental, animal, and human domains. Understanding how human activities contribute to the spread of antibiotic resistance genes (ARGs) in environmental reservoirs is crucial, according to the World Health Organization's Global Action Plan on antibiotic Resistance (WHO, 2015). Human waste-contaminated aquatic and terrestrial settings have been identified as possible hotspots for the selection, persistence, and spread of bacteria resistant to antibiotics (Berendonk et al., 2015; Rizzo et al., 2013).
Domestic sewage is a significant vector for antibiotic-exposed bacteria into the environment. Human commensal and pathogenic bacterial populations present in sewage are frequently exposed to antibiotics through therapeutic use and improper disposal practices, creating conditions that favor the survival and spread of resistant strains (Karkman et al., 2019). Extended-spectrum β-lactamase (ESBL)-producing Escherichia coli are of particular concern because ESBL enzymes confer resistance to a broad range of β-lactam antibiotics, complicating treatment and increasing risks of treatment failure (Paterson & Bonomo, 2005; Rawat & Nair, 2010).
Emerging reports from Nigeria specify that environmental sources, including wastewaters, sewage, and waste leachates, harbour ESBL-producing and multidrug-resistant bacteria. Studies have documented the presence of ESBL-producing E. coli and other resistant Gram-negative organisms in Nigerian waste-related environments, confirming untreated wastewater as a reservoir and transmission route for Antibiotic Resistant Bacteria (ARB) and ARGs (Ajose et al., 2024). Studies in other Nigerian settings further highlight household wastewater as a sentinel for community-level AMR patterns, revealing high prevalence of multidrug-resistant Gram-negative bacteria, including ESBL producers, in community wastewater systems (Household wastewater AMR study, 2025). Such findings are consistent with broader environmental surveillance that detects ESBL and non-ESBL E. coli in surface water bodies impacted by sanitation challenges (Beshiru et al., 2024).
In Nigeria, rapid urbanization combined with inadequate sanitation infrastructure and limited wastewater treatment capacity worsens the environmental burden of AMR. Domestic sewage is frequently discharged directly into open drains, surface waters, and soils without adequate treatment, potentially facilitating the amplification and spread of resistant bacteria beyond human populations and into broader ecological systems. Despite the recognized importance of understanding environmental AMR reservoirs, data specific to the prevalence and distribution of ESBL-producing E. coli in domestic sewage within southwestern Nigeria are limited.
To address this gap, the present study investigates the prevalence of ESBL-producing Escherichia coli isolated from selected domestic sewage sources in Ado-Ekiti, Nigeria. By characterizing the occurrence of these resistant strains within community sewage systems, this work contributes to a more comprehensive understanding of environmental AMR dissemination and its implications for public health and environmental safety.
RESEARCH METHODOLOGY
Sewage Sample Collection
Sewage samples were collected using the grab sampling method. A total of 45 domestic sewage samples were randomly selected from the five different household areas to provide a broad representation of local wastewater characteristics. For each sampling event, a sterile, wide-necked bottle was lowered into the flowing sewage and filled to approximately 500 mL, ensuring minimal disturbance to the stream and avoiding surface debris (CDC, 2023). All sampling equipment was rinsed with deionized water before use to prevent the risk of cross-contamination.
Sample Processing and Bacterial Enumeration
Sewage samples were gently mixed, and a series of tenfold serial dilutions (up to 10⁻⁷) was prepared in sterile normal saline to achieve countable bacterial concentrations, following standard microbiological enumeration procedures. One millilitre (1 mL) of each dilution was inoculated into sterile Petri dishes containing MacConkey agar using the pour plate method, which enables viable bacterial enumeration and recovery of enteric Gram-negative organisms. Plates were swirled to distribute the inoculum evenly and allowed to solidify before incubation at 37 °C for 24 hours. After incubation, colonies with distinct morphologies were selected and purified by streaking onto Eosin Methylene Blue (EMB) agar. Plates were incubated at 37 °C for a further 24 hours to obtain pure isolates for identification.
Microbiological Identification
Gram Staining
Pure isolates were Gram-stained using standard differential staining procedures to classify bacteria as Gram-positive or Gram-negative. Slides were examined using a light microscope, and cellular morphology and Gram reaction were recorded.
Biochemical Tests
Isolates were characterized using established biochemical assays for bacterial differentiation: catalase test, oxidase test, citrate utilization test, urease test and indole test for tryptophan metabolism following standard laboratory procedures.
Molecular Identification of Isolates Using 16S rRNA Gene Sequencing
To confirm the identity of presumptive bacterial isolates obtained from culture and biochemical testing, molecular identification targeting the 16S ribosomal RNA (rRNA) gene was performed. Pure bacterial isolates were cultured overnight on nutrient agar, and genomic DNA was extracted using a boiling lysis method as previously described by Olowe et al. (2015). Briefly, 3–5 pure colonies were collected with a sterile loop and suspended in 50 µL of sterile deionized water in a microcentrifuge tube. The suspension was heated at 95–100 °C for 10 min to lyse cells and release genomic DNA. Following boiling, samples were immediately cooled on ice for 5 min, then centrifuged at 10,000 × g for 5 min; the supernatant containing crude genomic DNA was transferred to a new sterile tube and used as template for PCR amplification.
PCR amplification of the bacterial 16S rRNA gene was carried out in 25 µL reaction volumes containing template DNA, universal forward and reverse primers, deoxynucleotide triphosphates (dNTPs), buffer with MgCl₂, and Taq DNA polymerase. The thermal cycling profile consisted of an initial denaturation at 95 °C for 3–5 min, followed by 25–35 cycles of: denaturation at 95 °C for 30 s, annealing at 50–58 °C for 30–60 s, and extension at 72 °C for 30–60 seconds, and a final extension at 72 °C for 5–7 min to complete synthesis of target amplicons. 
Following amplification, products were visualized by agarose gel electrophoresis to confirm the presence of correctly sized amplicons. PCR products were subsequently purified before sequencing. Purified amplicons were submitted for Sanger sequencing, and the resulting sequence data were edited and assembled as necessary. Obtained 16S rRNA gene sequences were compared against NCBI GenBank using the BLAST algorithm to determine closest matches and assign taxonomic identities in downstream analyses.
Bottom of Form
 Antibiotic Susceptibility Testing
All the isolates were subjected to an antibiotic susceptibility test using the disc-diffusion method. Commercial antibiotics discs comprising of Augmentin (AUG) 30ug, Ampicillin (AMP) 10ug, Erythromycin (ERY) 5ug, Tetracycline (TET) 5ug, Gentamycin (GEN) 10ug, Ciprofloxacin (CIP) 10ug, Vancomycin (VAN) 30ug, Cotrimoxazole (COT) 25ug, Cefuroxime (CRX) 30ug, Meropenem (MEM) 10ug was tested against the bacterial isolates as prescribed by the clinical laboratory standard institute guideline (CLSI, 2020). Mueller Hinton agar was prepared according to the manufacturer's instructions and poured to set in sterile Petri-dishes. Using a sterile wire loop, pure isolated colonies of E. coli were transferred to a tube containing 5ml of Nutrient broth medium (Oxoid, Basingstoke, UK). Broths were inoculated at 35°C and observed at 15 min intervals until their turbidity matched the 0.5 McFarland standard. Within 15 min of adjusting the inoculum density, plates with Mueller-Hinton agar (Oxoid, Basingstroke, UK) were flooded with the bacterial stock solution using the pour plate method. The discs were then carefully layered on the agar using a multi-disc dispenser (Oxoid, Basingstoke, UK) and incubated at 37°C for 24 hours in an upside-down position. After 24 hours of incubation, plates were examined for zones of growth inhibition around the antibiotic discs, and results were interpreted as either resistance, intermediate or sensitive according to CLSI guidelines (2020). Multidrug-resistant (MDR) Isolates exhibiting resistance to at least one agent in three or more antimicrobial classes were selected, and the multiple antibiotic resistance index (MARI) was calculated for each isolate as the ratio of the number of antibiotics to which an isolate was resistant to the total number of antibiotics tested (MAR = a/b) (Naser et al., 2025).
Extended-Spectrum β-Lactamase (ESBL) Screening
All multidrug-resistant isolates were selected and assessed for Extended-Spectrum β-Lactamase (ESBL) production using the Double Disk Synergy Test (DDST). After adjusting the density of the inoculum, Mueller-Hinton agar plates were swabbed with cells from the bacterial stock culture. Amoxicillin-Clavulanate acid (AMC) disks were placed at the centre of the inoculated plates, Ceftazidime (CAZ) and Cefotaxime (CTX) were placed 5 mm apart on each side of AMC, respectively. The plates were then incubated for 24 hours at 37 °C. Organisms showing an increase in the zone of inhibition around any of the cephalosporins (Ceftazidime and Cefotaxime) towards the Amoxicillin-Clavulanate acid disc by ≥5 mm were confirmed to produce ESBL (Wilson and Poirel, 1996).
RESULTS
A total of 45 untreated domestic sewage samples were analyzed in this study, collected from five distinct locations at Iworoko-Ekiti (Table 1). The number and percentage distribution of samples across the selected sites were as follows: New Jersey hostel (13; 28.9 %), Methodist hostel (10; 22.2 %), Calvary hostel (10; 22.2 %), Goshen hostel (7; 15.6 %), and Amsterdam hostel (5; 11.1 %) (Table 1). 
The morphological and cultural features of presumptive bacterial isolates recovered from sewage samples on MacConkey and Eosin Methylene Blue (EMB) agars are summarized in Table 2. Colonies presumptively identified as Escherichia coli exhibited a metallic green sheen on EMB agar, were round in shape with smooth edges, and demonstrated lactose fermentation on MacConkey agar.
The distribution of presumptive bacterial species isolated from each site is presented in Table 3. Escherichia coli and Klebsiella spp. were recovered from all five examined sewage sites. Enterobacter aerogenes was detected at all sites except the New Jersey hostel location. Overall, a total of 23 strains of E. coli were obtained across the sampled sites. In addition, Klebsiella spp. and Enterobacter aerogenes were recovered in counts of 14 and 8 isolates, respectively (Table 3). The presence of these enteric bacteria in untreated sewage reflects the typical microbial communities associated with domestic wastewater and is comparable to profiles observed in other studies of sewage-derived bacterial isolates.

Table 1: Distribution of sewage samples collected from selected locations in the Iworoko-Ekiti Environment.
	S/N
	Sample Location
	Number of Sewage Samples Examined
	Percentage (%)

	1
	New Jersey hostel
	13
	28.9

	2
	Methodist hostel
	10
	22.2

	3
	Calvary hostel
	10
	22.2

	4
	Goshen hostel
	7
	15.6

	5
	Amsterdam hostel
	5
	11.1

	
	Total
	45
	100














Table 2: Colony Morphology and Presumptive Identification of Lactose-Fermenting Bacteria Isolated on EMB Agar from Hostel Water Samples
	SAMPLE
	SIZE
	COLOUR ON EMB
	SHAPE
	ELEVATION
	OPACITY
	EDGE
	CONSISTENCY
	LACTOSE REACTION
	TEXTURE
	PRESUMPTIVE ORGANISM

	N1
	3mm
	Metallic green sheen
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N3
	2mm
	Pink
	Round
	Flat
	Opaque
	Smooth
	Scattered
	LF
	Dry
	Klebsiella spp

	N3
	1mm
	Metallic green sheen
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N4
	1mm
	Pink
	Round
	Flat
	Opaque
	Smooth
	Scattered
	LF
	Dry
	Klebsiella spp

	N5
	2mm
	Metallic green sheen
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N6
	2mm
	Pink
	Round
	Raised
	Opaque
	Smooth
	Scattered
	LF
	Dry
	Klebsiella spp

	N7
	2mm
	Metallic green sheen
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N8
	2mm
	Metallic green sheen
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E .coli

	N9
	2mm
	Metallic green sheen
	Round
	Flat
	Opaque
	smooth
	Entire margin

	LF
	Dry
	E. coli

	N10
	2mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N11
	2mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	N12
	3mm
	Pink
	Round
	Raised
	Opaque
	Smooth
	Entire margin

	LF
	Moist
	E. coli

	N13
	2mm
	Metallic green sheen
	Round
	Flat
	Opaque 
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	G1
	1mm
	Purple
	Round
	Flat
	Opaque
	Rough 
	Scatterred growth
	LF
	Dry
	Enterobacter aerogenes

	G2
	1mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	G3
	4mm
	Pink
	Round
	Raised 
	Opaque
	Smooth
	Scattered growth
	LF
	Moist 
	Klebsiella spp

	G4
	3mm
	Pink
	Round
	Raised
	Opaque
	Rough
	Entire margin

	LF
	Moist
	E. coli

	G5
	2mm
	Pink
	Flat
	Flat
	Translucent
	Rough
	Few scattered growth
	LF
	Dry
	Klebsiella spp

	G6
	2mm
	Pink
	Flat
	Raised
	Opaque
	Smooth
	Few scattered growth
	LF
	Moist 
	Klebsiella spp

	G7
	1mm
	Purple
	Round
	Raised
	Opaque
	Rough
	Entire margin

	LF
	Moist
	E. coli

	A1
	1mm
	Light purple
	Flat
	Flat
	Translucent 
	Smooth
	Scatterred growth
	LF
	Dry
	Enterobacter aerogenes

	A2
	1mm
	Metallic green
	Round
	Raised
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	A3
	5mm
	Pink
	Round
	Raised
	Opaque
	Rough 
	Few scattered growth
	LF
	Moist 
	Klebsiella spp

	A4
	3mm
	Pink
	Round
	Raised
	Opaque
	Rough 
	Few scattered growth
	LF
	Moist 
	Klebsiella spp

	A5
	1mm
	Pink
	Round
	Raised
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	M1
	3mm
	Pink
	Round
	Raised
	Opaque
	Rough 
	Few scattered growth
	LF
	Moist 
	Klebsiella spp

	M2
	1mm
	Pink
	Round
	Flat
	Opaque
	Smooth
	Few scattered growth
	LF
	Dry
	Klebsiella spp

	M3
	3mm
	Pink
	Round
	Raised 
	Opaque
	Rough
	Few scattered growth
	LF
	Moist 
	E. coli

	M4
	1mm
	Pink
	Round
	Flat 
	Opaque
	Smooth 
	Few scattered growth
	LF
	Dry
	Klebsiella spp

	M5
	2mm
	Pink
	Round
	Raised 
	Opaque
	Rough
	Few scattered growth
	LF
	Moist
	Klebsiella spp

	M6
	2mm
	Pink
	Round
	Flat
	Opaque
	Smooth
	Few scattered growth
	LF
	Dry
	Klebsiella spp

	M7
	2mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth 
	Entire margin

	LF
	Dry
	E. coli

	M8
	3mm
	Metallic green
	Round
	Flat
	Opaque
	Rough
	Entire margin

	LF
	Dry
	E. coli

	M9
	2mm
	Purple
	Flat 
	Flat
	Opaque
	Smooth
	Scattered growth
	LF
	Dry
	Enterobacter aerogenes

	M10
	3mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	C1
	2mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	C2
	2mm
	Metallic green
	Flat 
	Flat
	Opaque
	Rough
	Entire margin

	LF
	Dry
	E. coli

	C3
	1mm
	Purple
	Flat 
	Flat
	Opaque
	Rough
	Scattered growth
	LF
	Dry
	Enterobacter aerogenes

	C4
	4mm
	Purple
	Flat 
	Flat
	Opaque
	Rough
	Scattered growth
	LF
	Dry
	Enterobacter aerogenes

	C5
	2mm
	Light purple
	Flat 
	Flat
	Opaque
	Rough
	Entire margin

	LF
	Dry
	E. coli

	C6
	2mm
	Metallic green
	Round
	Flat
	Opaque
	Smooth
	Entire margin

	LF
	Dry
	E. coli

	C7
	2mm
	Pink
	Round
	Raised 
	Opaque
	Rough
	Scattered growth
	LF
	Moist
	Klebsiella spp

	C8
	2mm
	Pink
	Round
	Flat
	Opaque
	Rough
	Scattered growth
	LF
	Moist
	Enterobacter aerogenes

	C9
	2mm
	Deep purple
	Round
	Flat
	Opaque
	Smooth
	Scatterred growth
	LF
	Moist
	Enterobacter aerogenes

	C10
	1mm
	Deep purple
	Round
	Flat
	Opaque
	Smooth
	Scattered growth
	LF
	Moist
	Enterobacter aerogenes


KEY: N- New Jersey hostel; G-Goshen hostel; M-Methodist hostel; A-Amsterdam hostel; C-Calvary hostel; LF-Lactose fermenter


Table 3: Profile of Bacteria Isolated From Sewage Sites
	
	N
	G
	A
	M
	C
	Total

	Escherichia coli
	10
	3
	2
	4
	4
	23

	Klebsellia Spp
	3
	3
	2
	5
	1
	14

	Enterobacter aerogenes
	-
	1
	1
	1
	5
	8

	Total
	13
	7
	5
	10
	10
	45


KEY: N- New Jersey hostel, G -Goshen hostel, A- Amsterdam hostel, M- Methodist hostel, C- Calvary hostel
 Antibiotic Resistance Profiles of E. coli Isolates from Sewage Sites in Ado‑Ekiti
Antibiotic susceptibility testing of the 23 Escherichia coli isolates recovered from sewage sites across the examined sites at Iworoko‑Ekiti environment revealed extensive resistance to multiple clinically relevant antibiotics (Table 4). Overall, a high prevalence of resistance to extended-spectrum cephalosporins was observed, with 95.6% of isolates resistant to cefuroxime (CRX) and 73.9% resistant to cefotaxime (CTX), while resistance to ceftriaxone (CTR) was 69.5%. Among fluoroquinolones, 78.2% of isolates exhibited resistance to ciprofloxacin (CIP), reflecting reduced susceptibility to this important class of antibiotics in environmental E. coli populations. Resistance to meropenem (MEM), a carbapenem antibiotic, was similarly high (78.2%), indicating the presence of resistance mechanisms against last‑resort antibiotics. Moderate resistance rates were found for the aminoglycoside amikacin (AMK; 47.8%), the sulfonamide cotrimoxazole (COT; 47.8%), chloramphenicol (CHL; 47.8%), and tetracycline (TET; 47.8%), whereas gentamicin (GEN) showed the lowest resistance overall (34.7%), suggesting it may retain some effectiveness against a subset of isolates. These patterns of resistance are consistent with reports from other sewage and wastewater studies, where environmental E. coli frequently exhibit multidrug resistance to β-lactams, fluoroquinolones, and other antibiotic classes due to selective pressures and co-selection in sewage environments. Site-specific resistance profiles showed distinct distributions across the sewage sites. At the New Jersey hostel site (N; n = 10), high resistance rates were recorded for cefotaxime (70%), cefuroxime (100%), and ciprofloxacin (60%), while gentamicin resistance was comparatively low (10%). In the Goshen hostel sewage site (G; n = 3), all isolates were uniformly resistant to cefuroxime, ceftriaxone, amikacin, gentamicin, meropenem, and ciprofloxacin, with lower resistance observed for tetracycline and cotrimoxazole (33.3% each). Isolates from the Amsterdam hostel site (A; n = 2) demonstrated 100% resistance to cefuroxime, amikacin, meropenem, chloramphenicol, and ciprofloxacin; resistance to other antibiotics, including cefotaxime, ceftriaxone, gentamicin, cotrimoxazole, and tetracycline, was moderate (50%). At the Methodist hostel site (M; n = 4), isolates were uniformly resistant to cefuroxime, amikacin, and meropenem, while gentamicin and chloramphenicol resistance were lower (50%). In the Calvary hostel sewage site (C; n = 4), complete resistance was observed for cefotaxime, cefuroxime, meropenem, and ciprofloxacin, with gentamicin showing the lowest resistance (25%) among the tested antibiotics at this location. These findings indicate that E. coli isolates from sewage sites in the Ado‑Ekiti environment exhibit broad-spectrum multidrug resistance, particularly against β-lactams, fluoroquinolones, and carbapenems. The observed resistance patterns mirror those reported in similar environmental studies where sewage and wastewater act as reservoirs for resistant bacteria and resistance genes, facilitating the persistence and dissemination of antimicrobial resistance in water systems and contributing to environmental and public health risks.



Table 4: Percentage of Antibiotic Resistance Among E. coli Isolates From Sewage Sites at Iworoko-Ekiti
	Sewage site Sample
	Number
	
	Cephalosporins


	
	Aminoglycosides      
      
	
	Carbapenems
	Fluoroquinolones
	Antipsychotic
	Sulfonamide
	Amphenicol
	Tetracycline

	
	
	CTX
	CRX
	CTR
	AMK
	GEN
	MEM
	CIP
	CPZ
	COT
	CHL
	TET

	N 
	10
	7(70%)
	10(100%)
	5(50%)
	0(0%)
	1(10%)
	7(70%)
	6(60%)
	10(100%)
	4(40%)
	3(3%)
	4(40%)

	G
	3
	2(66.6%)
	3(100%)
	3(100%)
	3(100%)
	3(100%)
	2(66.6%)
	3(100%)
	2(66.6%)
	1(33.3%)
	2(66.6%)
	1(33.3%)

	A
	2
	1(50%)
	2(100%)
	1(50%)
	2(100%)
	1(50%)
	2(100%)
	2(100%)
	1(50%)
	1(50%)
	2(100%)
	1(50%)

	M
	4
	3(75%)
	4(100%)
	3(75%)
	4(100%)
	2(50%)
	3(75%)
	3(75%)
	3(75%)
	3(75%)
	2(50%)
	3(75%)

	C
	4
	4(100%)
	3(75%)
	4(100%)
	2(50%)
	1(25%)
	4(100%)
	4(100%)
	4(100%)
	2(50%)
	2(50%)
	2(50%)

	      Total

	23
	17
(73.9%)
	22
(95.6%)
	16
(69.5%)
	11
(47.8%)
	8
(34.7%)
	18
(78.2%)
	18
(78.2%)
	20
(86.9%)
	11
(47.8%)
	11
(47.8%)
	11
(47.8%)




Key: N- New jersey hostel, G -Goshen hostel, A- Amsterdam hostel, M- Methodist hostel, C- Calvary hostel, CTX- Cefotaxime, CPZ- Chlorpromazine, TET- Tetracycline, COT- Cotrimoxazole, GEN- Gentamicin, CRX- Cefuroxime, CHL- Chloramphenicol, CTR- Ceftriaxone, CIP- Ciprofloxacin, MEM- Meropenem, , AMK- Amikaci

Extended-Spectrum Beta-Lactamase (ESBL) Production
Among the 23 Escherichia coli isolates from domestic sewage, 13 (56.5%) were confirmed as ESBL producers. Synergy testing with amoxicillin–clavulanate (AMC) and third-generation cephalosporins showed 9 (39.1%) isolates synergized with cefotaxime (CTX), 5 (21.7%) with ceftazidime (CAZ), and 9 (39.1%) exhibited no synergistic effect. Prevalence varied by site, with New Jersey hostel showing the highest ESBL rate (8/10, 80%), followed by Amsterdam (1/2, 50%) and Methodist hostels (2/4, 50%), and lower rates at Goshen (1/3, 33.3%) and Calvary (1/4, 25%), highlighting significant antimicrobial resistance in domestic sewage.
Table 5. ESBL Production and Synergy Patterns of E. coli Isolates by Sewage Site
	Sewage Site
	No. of Isolates
	ESBL Producers (n, %)
	AMC + CTX Synergy (n, %)
	AMC + CAZ Synergy (n, %)
	No Synergy (n, %)

	N – New Jersey
	10
	8 (80%)
	4 (40%)
	2 (20%)
	4 (40%)

	G – Goshen
	3
	1 (33.3%)
	1 (33.3%)
	0 (0%)
	2 (66.7%)

	A – Amsterdam
	2
	1 (50%)
	1 (50%)
	0 (0%)
	1 (50%)

	M – Methodist
	4
	2 (50%)
	2 (50%)
	1 (25%)
	1 (25%)

	C – Calvary
	4
	1 (25%)
	1 (25%)
	0 (0%)
	3 (75%)

	Total
	23
	13 (56.5%)
	9 (39.1%)
	5 (21.7%)
	11 (47.8%)


Key: AMC – Amoxicillin–Clavulanate; CTX – Cefotaxime; CAZ – Ceftazidime (CLSI, 2020).
DISCUSSION
Domestic sewage represents a complex microbial ecosystem and serves as a reservoir for antibiotic-resistant bacteria. In this study, a total of 45 untreated domestic sewage samples were collected from five sites around Iworoko-Ekiti, with New Jersey hostel contributing the highest number of samples (13; 28.9%), followed by Methodist (10; 22.2%), Calvary (10; 22.2%), Goshen (7; 15.6%), and Amsterdam (5; 11.1%) hostels. 
Morphological and cultural characterization of bacterial isolates on MacConkey and EMB agar revealed colonies typical of Escherichia coli, Klebsiella spp., and Enterobacter aerogenes. Presumptive E. coli colonies exhibited a metallic green sheen on EMB, were round with smooth edges, and demonstrated lactose fermentation on MacConkey agar. Across the five sites, E. coli was the predominant isolate (23/45; 51.1%), followed by Klebsiella spp. (14/45; 31.1%) and Enterobacter aerogenes (8/45; 17.8%) (Table 3). These findings reflect typical enteric bacterial profiles in domestic sewage, consistent with previous studies on environmental bacterial communities (Seija et al., 2020; Zhang et al., 2018).
Antibiotic susceptibility testing of the twenty-three (23) E. coli isolates demonstrated widespread multidrug resistance (Table 4). Resistance was particularly high against β-lactams, with cefuroxime (CRX) showing 95.6% resistance, cefotaxime (CTX) 73.9%, and ceftriaxone (CTR) 69.5%. Fluoroquinolone resistance was also notable, with 78.2% of isolates resistant to ciprofloxacin (CIP), while resistance to the carbapenem meropenem (MEM) was 78.2%, indicating the presence of highly resistant strains even against last-resort antibiotics. Moderate resistance was observed for amikacin (47.8%), chloramphenicol (47.8%), cotrimoxazole (47.8%), and tetracycline (47.8%), whereas gentamicin retained comparatively lower resistance (34.7%). Site-specific profiles showed high variability; for instance, New Jersey hostel isolates were highly resistant to cefuroxime (100%) but had low gentamicin resistance (10%), whereas isolates from Goshen and Amsterdam hostels exhibited uniformly high resistance to several antibiotics, including carbapenems, suggesting localized differences in selective pressure and potential antibiotic contamination. These findings mirror reports from environmental and sewage studies globally, where untreated wastewater is recognized as a hotspot for multidrug-resistant E. coli due to selective pressures and horizontal gene transfer (Shaikh et al., 2015; Seija et al., 2020; Zhang et al., 2018).
Extended-spectrum beta-lactamase (ESBL) testing revealed that 13 of 23 E. coli isolates (56.5%) were ESBL producers. Synergy testing with amoxicillin–clavulanate (AMC) and third-generation cephalosporins showed 9 (39.1%) isolates synergized with cefotaxime (CTX), 5 (21.7%) with ceftazidime (CAZ), and 9 (39.1%) exhibited no synergistic effect (Table 5). The highest ESBL prevalence was recorded at New Jersey hostel (8/10; 80%), followed by Amsterdam (1/2; 50%) and Methodist (2/4; 50%) hostels, with lower rates at Goshen (1/3; 33.3%) and Calvary (1/4; 25%). These findings indicate that ESBL-producing E. coli are widely distributed in sewage and highlight the role of domestic wastewater as a significant environmental reservoir for resistant bacteria (Bonardi & Pitino, 2019; Shaikh et al., 2015).
The detection of ESBL-producing E. coli and high multidrug resistance in this study aligns with global reports. Shaikh et al. (2015) reported a 40% prevalence of ESBL-producing E. coli in Indian environmental sites, predominantly carrying the blaCTX-M gene. Seija et al. (2020) observed 25% prevalence in Uruguayan soil and water samples, with high resistance to cephalosporins and fluoroquinolones. Zhang et al. (2018) found urban Chinese dumpsites had significantly higher ESBL prevalence (45%) compared to rural sites (20%), emphasizing the influence of urbanization and environmental contamination on antimicrobial resistance dissemination. These comparative studies support the notion that sewage and wastewater serve as reservoirs and conduits for resistant bacteria and genes.
The ecological and public health implications of these findings are significant. Untreated sewage containing multidrug-resistant and ESBL-producing E. coli can contaminate water sources, soil, and crops, facilitating indirect transmission to humans and animals. Direct exposure via contact with sewage or through scavengers further increases the risk of colonization and infection. Horizontal gene transfer among bacteria in sewage enhances the dissemination of resistance genes, including those conferring resistance to critically important antibiotics such as carbapenems (Bonardi & Pitino, 2019; Seija et al., 2020).
These results underscore the need for robust interventions. Improved sewage management, safe disposal of pharmaceuticals, and reduced indiscriminate antibiotic use are essential. Routine surveillance of environmental samples for antimicrobial resistance will provide data for targeted interventions. Public health education on hygiene, safe waste handling, and risks associated with untreated sewage is equally critical to minimize the spread of ESBL-producing organisms (Shaikh et al., 2015; Zhang et al., 2018).

CONCLUSION
This study demonstrates a substantial prevalence of multidrug-resistant and ESBL-producing E. coli in domestic sewage around Ekiti State University, with the highest rates observed at New Jersey hostel. Sewage sites serve as significant reservoirs of antimicrobial resistance, posing potential environmental and public health risks. Proper infection-control measures, safe waste disposal, and routine surveillance are essential to prevent the dissemination of resistant bacteria. Personal hygiene and public awareness campaigns can further reduce the risk of exposure and colonization by ESBL-producing organisms (Bonardi & Pitino, 2019; Seija et al., 2020).
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