


Occurrence of Extended Spectrum Beta Lactamase - producing Escherichia coli in patients with Urinary tract infections attending a rural tertiary Hospital in Keffi, Nassarawa, Nigeria

Abstract
Background: Antimicrobial resistance is a growing global health challenge, particularly the emergence of extended-spectrum β-lactamase -producing Escherichia coli, which compromises the efficacy of beta-lactam antibiotics. This study aimed to determine the molecular characterization of ESBL-producing E. coli among patients with UTIs attending the Federal Medical Centre (FMC), Keffi, 
Methods:A total of 400 urine sample aseptically  cultured on CLED agar and identified using standard biochemical tests. Molecular confirmation of E. coli was performed via PCR targeting the uidA gene, while ESBL-associated genes (blaCTX-M, BlaSHV, BlaTEM) were detected using multiplex PCR.  
Results: Molecular screening confirmed 48.7% of the tested strains to be E.coli, in which 84% of  these were ESBL producers. The predominant gene detected was bla sub CTX-M (68.75%), followed by bla sub TEM (12.5%) and BLACTXM / BLATEMco-expression (18.75%). No bla sub SHV genes were identified. ESBL production was more frequent in females (4.9%) than males (2.9%), and most prevalent among patients aged 61–70 years (16.7%). 
Conclusion: The findings reveal the circulation of bla sub CTX-M as the dominant ESBL gene among E. coli isolates from UTI patients at FMC Keffi, underscoring the public health threat posed by resistant uropathogens.
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INTRODUCTION
Antimicrobial resistance (AMR) has emerged as one of the most critical global health threats in the 21st century, undermining the effectiveness of antibiotics that once served as the foundation for treating infectious diseases (WHO, 2023). ESBLs are bacterial enzymes that can degrade and neutralize a wide range of β-lactam antibiotics including penicillins, cephalosporins, and monobactams though carbapenems generally remain effective (Al-Hasso and Mohialdeen, 2023. These enzymes are commonly produced by Enterobacteriaceae, with Escherichia coli and Klebsiella pneumoniae being the most frequent culprits and they are of great concern in clinical and community settings (Silago et al. 2021). Infections involving ESBL-producing bacteria are linked to increase in severity of illness, high mortality rates, extended hospitalizations, and elevated treatment costs, and a narrowed spectrum of therapeutic choices (Gupta et al. 2021;Silago et al. 2021). ESBL-producing E. coli is a major cause of infections such as urinary tract infections (UTIs), bloodstream infections, and pneumonia, particularly among hospitalized or immune-compromised individuals (Gupta et al. 2021). UTIs remain among the most common infections globally, but the rise of multidrug-resistant E. coli has complicated treatment efforts and, in severe cases, led to treatment failures (Nwafia et al. 2019).
The occurrence of ESBL-producing E. coli varies within region but tends to be pronounced in developing nations like Nigeria. Research from a Nigerian hospital revealed that 35% of E. coli isolates produced ESBLs, highlighting the growing challenge of antibiotic resistance in clinical practice (Nepal et al. 2017).  These resistant strains are often linked to risk factors such as recent surgeries, previous antibiotic use, long hospital stays, and intensive care unit admissions as seen in clinical settings (Nepal et al.2017), likewise in community settings, there is potential zoonotic tendencies either from direct contact with livestock or from contaminated food items( Odetoyin and Akinde,2025).
The dissemination of ESBL-producing bacteria is worsened by the misuse of antibiotics, weak infection control practices, and poor surveillance systems. This has prompted a global appeal for improved monitoring and stronger antimicrobial stewardship programs to curb resistance (Olaitan et al. 2023). Continuous tracking of resistance patterns is crucial, not only for ensuring effective treatment but also for stopping the spread of resistant strains in communities. This research aims at determining the molecular characterization of ESBL-producing Escherichia coli among patients with urinary tract infections attending the Federal Medical Centre (FMC) in Nassarawa. 
METHODS
Study Area
This study was conducted at the Federal Medical Centre (FMC), Keffi. Keffi is a town situated in Nasarawa State, Nigeria, approximately 50 kilometers from Abuja. Geographically, the town lies between latitudes 8.4643°N and 8.1691°N, and longitudes 7.8433°E and 7.8384°E. It covers an area of about 138 km², with a recorded population of 92,664 during the 2006 national census and an estimated population of approximately 142,900 by 2022(NPC, 2006).
Ethical Permission
Ethical approval for this study was obtained from the Ethics Committee of the Federal Medical Centre, Keffi.
Study Design
This research design was a cross- sectional study, conducted between April and June, 2025, at the Medical Laboratory Department of the Federal Medical Centre, Keffi, Nasarawa State, Nigeria. A purposive sampling was used to recruit participants. Patients who presented to the hospital with symptoms suggestive of urinary tract infections (UTIs) were enrolled in the study.
Sample size determination
The sample size fr the study was determined using the formula described by Fisher, 2004.
n = ʑ² (p) (1- p)D
          c²
Where:
 n = Estimated sample size
ʑ = value of 95% confidence level = 1.96 at 5%level of confidence 
p = Prevalence rate of ESBL taken as 56% = 0.56
c = confidence interval
D = Design effect which is usually 1
For present study z value at 95% confidence level is 1.96
Existing prevalence from a study carried out in south west Nigeria (Olley et al. 2020) = 56% (0.56)
Confidence interval =5% (0.05)

n = 1.96²(0.56) (0.44) 1
          (0.05)²
n = 0.946 ÷ 0.0025
  = 378
Attrition rate of 10% was considered
: 10% of 378
= 37.8 approx. 38
38 + 378
Total estimated sample size =416
Specimen Collection
A total of 400 urine samples were collected from both male and female patients of varying age groups, drawn from multiple clinics and wards including the Antenatal Clinic, General Outpatient Department (GOPD), Gynecology Ward, Female and Male Medical Wards, and Pediatric Clinic. All specimens were obtained from in-patients and out-patients clinically suspected of having UTIs. Clean-catch midstream urine samples were collected aseptically using sterile, wide-mouthed, disposable plastic containers (20 mL capacity) provided to each participant.
Bacterial culture
The urine samples were inoculated aseptically onto Cystine Lactose Electrolyte Deficient (CLED) agar; plates were incubated at 37 degrees Celcius overnight aerobically. Isolates were subjected to standard biochemical tests for identification. All isolates conforming to Escherichia coli was preserved at -20°C for molecular analysis.
Molecular Detection of ESBL producing E. coli associated genes by PCR
DNA extraction and template preparation
Suspected E. coli isolates were cultured on EMB agar, and DNA was extracted using the DNeasy Blood and Tissue Kit (Geneaid, Korea) according to the manufacturer’s instructions.
All E. coli isolates previously preserved in TSB with 20% glycerol were subcultured on eosin methylene blue (EMB) agar and incubated at 37°C for 18–24 hours. A single loopful of growth from each culture was suspended in 2 mL of sterile distilled water in an Eppendorf tube. The suspension was boiled at 100°C for 10 minutes in a water bath and then centrifuged at 13,000 rpm for 1 minute. The resulting supernatant was collected and used as the DNA template for PCR analysis.
UidA Gene Beta-Glucuronidase test
PCR reaction: The UidA gene, specific to E. coli, was amplified using the polymerase chain reaction (PCR) method. The expected molecular size of the amplified UidA gene was 623 bp. The total PCR reaction volume was 25 µL, consisting of: 
(i) 1µL primer F 5- CCAAAAGCCAGACAGAGT-3 10ρmol/µL (Eurofins Genomics, Germany), 
(ii) 1µL of primer R 5-GCACAGCACATCCCCAAAGAG-3 10ρmol/µL (Eurofins Genomics, Germany), 
(iii) 12.5 µL of 2 × Go Taq Green Mix Master including (1 unit GoldStar DNA polymerase, 400µ dNTPs, 3 µM MgCl₂ 20µM (NH4) 2SO4, 75 µM Tris HCl (pH 8.5), green dyes which function as loading dye (Promega Corporation, USA)
(iv) 8 µL of nuclease- free water (Promega Corporation, USA)
(v) 2.5µL DNA template of E.coli. PCR reactions were carried out in Biozym tubes (Oldenhorf, Germany) under the following thermal conditions: 5 minutes at 95℃ for the denaturation, 35 cycles, where each cycle consisted of denaturation (for 60 sec at 94), annealing (for 60 sec at 53), extension (for 60 sec at 72); and 5 minutes at 72 ℃ for the final extension. The PCR products were visualized by gel electrophoresis using a 2% agarose gel containing a 100 bp DNA ladder marker (Peqlab, Erlangen, Germany).
Detection of ESBLs associated genes by PCR:
Molecular identification of ESBL-associated genes (bla Shv, bla Tem and bla ctx-m) was conducted using a conventional multiplex PCR technique on presumptive E. coli isolates. Each PCR reaction was prepared in a total volume of 25 µL, consisting of 12.5 µL of 2× Qiagen Multiplex PCR Master Mix (Qiagen GmbH, Hilden, Germany), 0.2 µM of each primer, and 2 µL of extracted DNA template. The cycling parameter were as follows: an initial denaturation 95°C for 15 minutes; followed by 30 cycles of 94°C for 30 s, 62°C for 90 s, and 72°C for 60 s, and with a final extension at72°C for 10 minutes. Amplified DNA fragments were visualized through electrophoresis on a 1.5% agarose gel stained with ethidium bromide.

Table 1: Primers for confirmation and detection of ESBL genes 

	Target
	Sequence (51->31)
	Amplicon size
	Reference

	blaTEM-F
	TTCTTGAAGACGAAAGGGC
	1150bp
	

	blaTEM-R
	ACGCTCAGTGGAACGAAAAC
	1150bp
	Dallenne et al.,2010

	blaSHV-F
	CACTCAAGGATGTATTGTG
	850bp
	

	blaSHV-R
	CCCATGGTTAAAAAATCACTGC
	850bp
	Colom et al., 2003

	blaCTXM-F
	CCCATGGTTAAAAAATCACTGC
	942bp
	

	blaCTXM-R
	CAGCGCTTTTGCCGTCTAAG
	942bp
	Carattoli et al., 2005

	
	
	
	

	
	
	
	



Data Analysis
All data obtained was analyzed using SPSS 20 package. Descriptive statistics including frequencies and percentages were used to summarize the data. The chi test was employed to test the hypotheses, and a P-value of less than 0.05 was considered statistically significant.

RESULTS
A total of 400 urine samples were examined in patients suspected with urinary tract infections 
attending Federal Medical Centre, Keffi as shown on Table 2, Escherichia coli constitutes 24.4% of the isolates. The distribution of E. coli is statistically significant.
Molecular characterization of isolated strains of E.coli had 16 strains ESBL- producers. Table 3 showed the distribution of ESBL genes among ESBL positive E. coli in urine; in which BLACTXM was the most prevalence ESBL gene as 68.75%, followed by BLACTXM / BLATEM (18.75%) andBLATEM (12.5%). While BLASHV, BLASHV/ BLACTXM, BLASHV/ BLATEM and BLASHV/ BLACTXM / BLATEM were not detected in ESBL positive E .coli. The distribution of ESBL genes among ESBL positive E. coli in urine was statistically significant.
Table 5 showed the distribution of E. coli isolates in urine among different age groups; in which age group 61 – 70 years has the highest percentage of E. coli isolates as 16.7%, followed by age groups 31 – 40 years (13.5%), 21-30 years (12.1%), 41 – 50 years (7.4%), 51 - 60 years (6.7%), 11 – 20 years (4.2%) and 0- 10 years (2.5%). The distribution of E. coli isolates in urine among different age groups was not statistically significant.
Fig 1.PCR results for confirmation of isolated strains of E. coli  analysed using UidA genes on 1% agarose gel electrophoresis after staining with ethidium bromide. Lane 13 and 16 did not show an amplicon size of 500bp corresponding to the presence of E.coli UidA gene. 
Fig 2. Shows the amplification for BlaCTX-M genes, Lanes 4,5,6,9,10,11,12,13 and 15 did not show any amplification.
Fig 3 is the amplification for BlaSHV, no isolates  possess the SHV genes, while Fig 4 is the amplification for BlaTEM genes, only 2 lanes exhibit amplification
Fig 3 is the amplification for BlaTEM, lanes 1, 10, 13 and 16 had amplification corresponding to 1150bp
Table 2: Distribution of Urinary Tract Infections by demographic variables.
	Feature
	Number of Samples collected
	Percentage

	Age (Years)
	
	

	0 – 10
	40
	10%

	11 – 20 
	48
	12%

	21 – 30 
	91
	22.75%

	31 – 40
	74
	18.5%

	41 – 50
	54
	13.5%

	51 – 60
	45
	11.25%

	61 – 70
	48
	12%

	Gender
	
	

	Female
	225
	56.25%

	Male
	175
	43.75%

	Clinic/Ward
	
	

	Antenatal Clinic
	54
	13.5%

	Gynaecology  Emergency Unit
	52
	13%

	GOPD
	224
	56%

	Female Surgical Ward
	34
	8.5%

	Male Surgical Ward
	21
	5.25%

	Pediatric Unit
	15
	3.75%

	TOTAL
	400
	100%



Table 3: Distribution of microbes among patients with UTI 
	Isolates Recovered
	Occurrence
	X2
	P-value

	No growth
	130 (32.5%)
	
	

	No significant growth
	110 (27.5%)
	
	

	Klebsiella pneumonia
	56 (35%)
	
	

	Escherichia coli
	39 (24.4 %)
	132.4
	P = 0.000005

	Staphylococcus aureus
	26 (16.3%)
	df=7
	

	Candida albicans
	17 (10.6%)
	
	

	Non-Candida albicans
	5 (3.1%)
	
	

	Pseudomonas aeruginosa
	[bookmark: _Hlk209576576]14 (8.8%)
	
	

	Proteus mirabilis
	[bookmark: _Hlk209576593]2 (1.3%)
	
	

	[bookmark: _Hlk209576644]Streptococcus spp
	[bookmark: _Hlk209576621]1 (0.6%)
	
	

	Total
	160
	
	



Table 4: Distribution of ESBL- producing E. coli among patients with UTI attending Federal Medical Centre, Keffi
	
	Urine sample examined
	Positive Isolates
	Negative isolates

	E. coli Isolated
	160
	39 (24.4%)
	121 (75.6%)

	ESBL E. coli (phenotypic)
	160
	39 (24.4%)
	121 (75.6%)

	E. coli (UidA genes)
	39
	20 (51.3%)
	20 (48.7%)

	ESBL Confirmation (BLASHV, BLACTXM and BLATEM genes)
	19
	16 (84%)
	3 (16%)


                                                                         p- value for Phenotypic ESBL : 0.88
                                                                          P- value ESBL gene : 0.0003



Table 5: Molecular Characteristics of ESBL positive E. coli from urine samples among patients attending Federal Medical Centre, Keffi
	ESBL Genes
	Occurrence
	X2
	       P-value

	BLASHV
	0 (0%)
	
	

	BLACTXM
	11 (68.75%)
	
	

	BLATEM
	2 (12.5%)
	
	

	BLASHV/BLACTXM
	0
	4.181
	0.941

	BLASHV/ BLATEM
	0 (0%)
	
	

	BLACTXM / BLATEM
	3 (18.75%)
	
	

	BLASHV/ BLACTXM / BLATEM
	0 (0%)
	
	

	Total
	16
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Fig 1. Amplificaton of Escherichia coli  uidA genes
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Fig 2. Amplification of E. coli BlaCTX-M genes
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Fig 3. Amplification of E. coli BlaSHV genes
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Fig 4. Amplification of E. coli BlaTEM genes
DISUSSION
Antimicrobial resistance (AMR) is now recognized as one of the most critical global health threats, undermining the effectiveness of antibiotics that were once the backbone of infectious disease treatment. Among the mechanisms fueling AMR, the emergence of extended-spectrum β-lactamase (ESBL) production is especially concerning (Al-Hasso and Mohialdeen, 2023).
In this study, analysis of specimen bio data showed that out of 400 urine samples, the largest proportion was contributed by individuals aged 21–30 years (22.75%), followed by those aged 31–40 years (18.5%). Females accounted for 56.25% of the samples, while males contributed 43.75%. Most specimens were obtained from the General Outpatient Department (56%), with smaller proportions from the Antenatal Clinic (13.5%) and Gynaecology Emergency Unit (13%). In contrast, only 3.75% of samples were from the Pediatric Unit and 14% collectively from the surgical wards. These findings align with those of Li et al. (2025) who reported a higher risk of UTIs among females (96.05%) compared to males (77.27%). However, they differ from a Nigerian study by Allamin et al. (2015) which found a higher prevalence (50%) among children aged 4–6 years. The predominance of female samples in the present study is expected, as women are generally more susceptible to urinary tract infections due to anatomical and physiological factors such as a shorter urethra, proximity of the urethral opening to the anus, and increased vulnerability during sexual activity and pregnancy.
Out of 400 urine specimens cultured in this study, 160 (40%) yielded significant microbial growth, while the remaining 240 samples (60%) showed either no growth (32.5%) or no significant growth (27.5%). Among the isolates, Klebsiella pneumoniae was the most frequently recovered organism (14.0%), followed by Escherichia coli (9.25%), Staphylococcus aureus (6.5%), Candida albicans (4.25%), Pseudomonas aeruginosa (3.5%), Proteus mirabilis (0.5%), and Streptococcus spp. (0.25%). Although the relatively high proportion of culture-negative results is not uncommon in hospital-based urine surveillance, it contrasts with the findings of Hansen et al.(2022) who reported a lower rate of 20.9% among cultured urine samples. The predominance of Enterobacterales, particularly Klebsiella pneumoniae and E. coli, is consistent with existing African and global literature, including a study conducted in Nigerian (Haruna et al. 2024), which identified uropathogenic E. coli (29.1%) and K. pneumoniae (15.8%) as the most common isolates. The high frequency of “no growth” and “no significant growth” in the present study may be attributed to UTI been caused by non- culture organisms. The dominance of K. pneumoniae and E. coli is noteworthy, reaffirming their role as major uropathogens in hospital settings.
This study found that only 39 of the 400 urine samples (24.4%) yielded Escherichia coli. Of these phenotypic ESBL production was detected in 16 out of the 19 molecularly confirmed isolates (84%), the relatively low proportion of E. coli observed in this study contrasts with findings from a similar study conducted in Nigerian study (Mofolorunsho  et al. 2021) reported E. coli in 128 isolates (82%), with 69% producing ESBLs significantly higher than the 4.75% ESBL rate observed here. Similarly, the phenotypic ESBL rate (24.4%) and the slightly lower molecular detection of blaSHV, blaCTX-M, and blaTEM genes (84.0%) fall above the wide prevalence range reported in Nigeria between 2004 and 2019, as documented in a systematic review by Tanko et al. (2020) where rates varied from 7.5% to 82.3%. The moderate ESBL prevalence observed in this study (84%) may be explained by outpatient sampling, prior antibiotic exposure, and hospital antimicrobial pressure. Furthermore, the slight difference between phenotypic and molecular ESBL detection suggests the possible involvement of additional resistance genes beyond blaSHV, blaCTX-M, and blaTEM.
The age distribution of E. coli isolates and ESBL-positive E. coli in this study showed that E. coli was most common among older working-age and elderly groups; particularly those aged 61–70 years (16.7%), followed by 31–40 years (13.5%) and 21–30 years (12.1%). ESBL-positive E. coli was concentrated mainly in older adults, with the highest proportions observed in the 51–70-year groups (6.7% and 8.3%, respectively). These findings differ from a cross-sectional study in Tanzania by Omar et al., (2024) which reported the majority (38.8%) of ESBL-producing E. coli among younger individuals aged 16–30 years. Similarly, the relatively low prevalence of E. coli isolates (4.2%) in patients aged 11–20 years contradicts the findings reported in parts of Nigeria with reported prevalence of 23.5% in the same age group (Babatunde and Oluwatoyin, 2025). The observed age-related distribution in this study may be attributed to differences in risk factors: younger adults (21–40 years) show higher E. coli prevalence due to increased sexual activity and pregnancy-related susceptibility, whereas older adults (51–70 years) exhibit higher ESBL rates because of comorbidities, urinary tract abnormalities, frequent hospital attendance, and prior antibiotic exposure.
Gender-stratified analysis of E. coli isolates and ESBL-positive E. coli showed higher prevalence in females compared to males (12.9% vs. 5.7% for E. coli; 4.9% vs. 2.9% for ESBL-producing E. coli). These findings are consistent with a study by Omar et al. (2024) which reported that ESBL-producing E. coli infections were more common in females (52.6%) than in males. Similarly, the results align with a study carried out in South-West Nigeria (Babatunde and Oluwatoyin, 2025) which found a slightly higher prevalence of ESBL-E. coli in females (50.4%) compared to males (49.6%). The predominance in females may be attributed to biological factors such as a shorter urethra and pregnancy-related susceptibility, behavioral and care-seeking patterns such as more frequent screening during antenatal visits, and greater antibiotic exposure linked to pregnancy and repeated healthcare contact, all of which contribute to increased detection and selection pressure for resistant strains in women.
The clinic-wise distribution of E. coli and ESBL-producing E. coli in this study revealed modest prevalence in the Antenatal Clinic (9.3%), Gynaecology Emergency (7.7%), and GOPD (8.5%), but markedly higher rates in surgical wards. In female surgical patients, E. coli prevalence was 17.6% with ESBL positivity at 11.8%, while in male surgical patients, prevalence reached 19.1% with ESBL positivity at 14.3%. The relatively low prevalence observed in the Gynaecology Emergency unit contrasts with the findings of Vicar et al . (2023) in Ghana, who reported a 27.8% prevalence of E. coli among pregnant women and demonstrated a significant association between socio demographic, obstetric, and hygiene factors and UTI occurrence (p < 0.0001). By contrast, the elevated prevalence and ESBL rates in surgical wards are consistent with the clinical profile of this patient group, which often includes prior antibiotic exposure, invasive procedures, and indwelling devices all of which predispose to complicated UTIs and select for resistant, hospital-acquired pathogens. Indeed, multicentre and hospital surveillance studies in Nigeria have consistently shown higher proportions of ESBL-producing Enterobacterales among inpatients and surgical populations compared with outpatients. 
The molecular detection of blaTEM, blaSHV and blaCTX-M among Escherichia coli urinary isolates in this study fits a well-documented and contemporary West African pattern, yet also highlights local nuance in the ecology of ESBLs. Across Nigeria and the sub-region blaCTX-M (particularly CTX-M-15) has emerged as the single most frequently reported ESBL family in humans, animals and the environment, but the relative frequencies of blaTEM and blaSHV vary by setting and over time some hospital series and regional surveys report blaTEM dominance or a substantial proportion of isolates carrying multiple genes concurrently. The results of this study are consistent with those of Ogbolu et al. (2018) who reported that the high-level multidrug resistance of uropathogens to third-generation cephalosporins and other antibiotics was strongly linked to ESBL carriage, particularly CTX-M-15, alongside CTX-M-14, OXA-10, and VEB-1. Similarly, the present findings align with Saka et al. (2020) who observed that blaCTX-M (73.3%) and blaTEM (73.3%) were the predominant resistance genes among ESBL-positive E. coli, with 16 of 19 isolates carrying each gene and 14 isolates harboring both. Notably, one isolate was found to simultaneously carry blaCTX-M, blaTEM, and blaSHV genes. The detection of blaTEM, blaSHV, and blaCTX-M in E. coli may be due to the widespread plasmid-mediated transmission of ESBL genes and the selective pressure from inappropriate and prolonged antibiotic use in both community and hospital settings.
 CONCLUSION
Extended - spectrum beta-lactamase- producing E. coli plays a major role in drug resistance, which sometimes results to therapeutic failures, to avoid this emphasis should be on implement of strict antibiotic prescription guidelines to discourage indiscriminate use of broad-spectrum antibiotics, especially cephalosporins and fluoroquinolones, which drive ESBL selection.
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