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Phenotypic ESBL Production and Antibiotic Resistance Patterns in Pseudomonas aeruginosa Isolates from Female UTI Patients in Enugu, Nigeria

Abstract
Background: The increasing antimicrobial resistance (AMR) among uropathogens, particularly extended-spectrum beta-lactamase (ESBL)-producing Pseudomonas aeruginosa, poses a significant therapeutic challenge for urinary tract infections (UTIs). This study determined the prevalence of phenotypic ESBL production and the antibiotic resistance patterns of P. aeruginosa isolated from female UTI patients in Enugu, Nigeria.
Methods: A cross-sectional study was conducted among 200 adult female patients with suspected UTIs attending a tertiary hospital in Enugu. Mid-stream urine samples were collected and processed bacteriologically. P. aeruginosa isolates were identified using standard microbiological techniques. Phenotypic ESBL production was confirmed using the Double Disc Synergy Test (DDST). Antibiotic susceptibility was determined using the Kirby-Bauer disc diffusion method against 17 antibiotics, and results were interpreted per CLSI guidelines. The Multiple Antibiotic Resistance (MAR) index was calculated, and statistical associations with age were analyzed using Chi-square tests (p<0.05).
Results: Out of 200 urine samples, 78 (39.0%) yielded positive bacterial growth. P. aeruginosa was isolated from 58 samples (29.0% of total; 74.4% of positive cultures). The highest isolation rate was in the 32-38 years age group (45.6%). Of the 58 P. aeruginosa isolates, 35 (60.3%) were phenotypically confirmed as ESBL producers. ESBL-producing isolates showed alarmingly high resistance rates (≥90%) to cefoxitin, ertapenem, levofloxacin, trimethoprim-sulfamethoxazole, tetracycline, nalidixic acid, and piperacillin-tazobactam. Complete resistance (100%) was observed to cefoxitin, levofloxacin, TMP-SMX, tetracycline, and nalidixic acid. Gentamicin (71.4% susceptible) and imipenem (65.7% susceptible) were the most effective agents. The mean MAR index for ESBL-producers was 0.78, significantly higher than for non-producers (0.41, p<0.001). The 32-38 years age group had the highest proportion of ESBL-producers (80.9%, p=0.018).
Conclusion: This study reports a high prevalence (60.3%) of ESBL-producing, multidrug-resistant P. aeruginosa among female UTI patients in Enugu. The alarming resistance to multiple antibiotic classes, including carbapenems, coupled with high MAR indices, underscores an urgent public health threat. Gentamicin and imipenem remain relatively effective but require judicious use. Enhanced antimicrobial stewardship and routine surveillance are critically needed.
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1. Introduction
Urinary tract infections (UTIs) are among the most common bacterial infections in women globally, leading to significant morbidity and healthcare costs (Foxman, 2014; Ekuma et al., 2023). While Escherichia coli remains the predominant uropathogen (Neupane et al., 2016; Jiménez-Guerra et al., 2018), the role of non-fermenting Gram-negative bacilli (NFGNB), particularly Pseudomonas aeruginosa, is increasingly recognized, especially in healthcare-associated and complicated UTIs (Magill et al., 2018; Newman et al., 2022; Ekuma et al., 2023). A recent study by Obu et al. (2025) from Delta State, Nigeria, reported that P. aeruginosa accounted for 2.6% of UTI isolates in a tertiary health institution, with higher isolation rates in females than males. Similarly, research from primary health centre, Anambra, by Ogbukagu et al. (2016) found a 9.1% prevalence of P. aeruginosa among adult outpatients with UTIs.
P. aeruginosa is an opportunistic pathogen notorious for its intrinsic and acquired resistance to multiple antibiotics, making infections difficult to treat (Agwu et al., 2026; Ebenyi et al., 2026; Peter et al., 2026; Hwang and Yoon, 2019). Its ability to form biofilms, particularly in catheterized patients, further complicates management. A 2025 study from Ekiti State, Nigeria, by Adewumi et al. (2025) found that 60% of P. aeruginosa isolates from catheter-associated UTIs were biofilm producers, with 58.3% identified as strong biofilm producers. The study also detected the toxA virulence gene in 60% of isolates, underscoring the pathogen's pathogenic potential in healthcare settings.
The emergence of extended-spectrum beta-lactamase (ESBL)-producing P. aeruginosa has become a major public health threat (Ilang et al., 2023). ESBLs are enzymes that hydrolyze penicillins, cephalosporins, and aztreonam, rendering these frontline antibiotics ineffective (Bush and Bradford, 2019; Joseph et al., 2023). A recent systematic review and meta-analysis on ESBL-producing bacteria in West Africa by Yartey et al. (2025) reported a pooled prevalence of 16.8% (95% CI: 12.1-22.1%), with humans being the most affected (20.4%), followed by animals (12.8%) and the environment (9.3%). The review identified blaCTX-M as the predominant ESBL gene, often co-located with fluoroquinolone and aminoglycoside resistance genes on conjugative IncF plasmids, suggesting high horizontal transmission potential. Notably, the emerging ESBL gene GES (1.2%) was also detected in P. aeruginosa isolates.
The World Health Organization (WHO) has categorized P. aeruginosa as a critical priority pathogen, highlighting the urgent need for new antibiotics and robust surveillance (Tacconelli et al., 2018; Sati et al., 2025). In low- and middle-income countries like Nigeria, factors such as over-the-counter antibiotic sales, lack of prescription enforcement, and poor infection control practices exacerbate the spread of ESBL-producing organisms (Ombelet et al., 2018; Peter et al., 2025). Environmental reservoirs also play a significant role; a recent study of household wastewater in Gombe, Nigeria, by Muhammad et al. (2026) found that 81% of bacterial isolates were multidrug-resistant (MDR), with P. aeruginosa accounting for 11.2% of isolates. ESBL production was detected in 54% of tested isolates, demonstrating that community wastewater serves as a significant reservoir for ESBL genes.
Data on the phenotypic resistance patterns of P. aeruginosa from female UTI patients in southeastern Nigeria are limited but urgently needed. A study from Abakaliki, Ebonyi State, by Okonkwo et al. (2025) reported a 45% prevalence of P. aeruginosa among pregnant women with asymptomatic bacteriuria, with gentamicin and imipenem showing the highest efficacy. Similarly, research from Uyo, Southern Nigeria, by Onwuezobe et al. (2025) identified P. aeruginosa in 16.7% of nosocomial infections, with high resistance to piperacillin-tazobactam (75% in urine isolates) and detection of plasmid-mediated resistance genes including QnrA, QnrB, AmpC, and VIM. Understanding local resistance patterns is crucial for guiding empirical therapy and implementing effective infection control measures. This study aimed to determine the prevalence of phenotypic ESBL production and the antibiotic resistance profiles of P. aeruginosa isolated from female UTI patients attending a tertiary hospital in Enugu, Nigeria.
2. Materials and Methods
2.1 Study Design and Setting
A cross-sectional study was conducted from February to October 2025 at the Enugu State University Teaching Hospital (ESUTH) Parklane, Enugu, Nigeria. Enugu is the capital of Enugu State in southeastern Nigeria.
2.2 Ethical Consideration
Ethical clearance was obtained from the ESUTH Research Ethics Committee. Informed consent was obtained from all participants prior to sample collection
2.3 Sample Size and Inclusion Criteria
A total of 200 adult female patients (≥18 years) with a clinical diagnosis of UTI were enrolled. Patients who had taken antibiotics within the two weeks preceding sample collection were excluded.
2.4 Sample Collection and Bacterial Identification
Mid-stream urine samples (10-15 mL) were collected in sterile, wide-mouthed containers. Samples were transported to the microbiology laboratory and processed within 1 hour. A loopful (0.001 mL) of each sample was streaked onto Cetrimide agar and MacConkey agar and incubated at 37°C for 24 hours. Suspected P. aeruginosa colonies (greenish, mucoid, or flat with a fruity odor) were subcultured for purity (Peter et al., 2026). Identification was confirmed by Gram staining and standard biochemical tests: oxidase production, motility, citrate utilization, and growth at 42°C (Cheesbrough, 2006).
2.5 Phenotypic ESBL Detection
ESBL production was screened using the Double Disc Synergy Test (DDST) as per CLSI guidelines (CLSI, 2019). A disc of amoxicillin-clavulanate (20/10 µg) was placed at the center of a Mueller-Hinton agar plate inoculated with a 0.5 McFarland standard suspension of the test isolate. Discs of ceftazidime (30 µg) and cefotaxime (30 µg) were placed 15 mm (edge-to-edge) from the central disc. An increase of ≥5 mm in the zone of inhibition of either cephalosporin towards the clavulanate disc was interpreted as ESBL-positive (Joseph et al., 2023).
2.6 Antibiotic Susceptibility Testing
Antibiotic susceptibility was performed using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar (CLSI, 2019). The following antibiotic discs (Oxoid, UK) were tested: aztreonam (30 µg), amoxicillin-clavulanic acid (20/10 µg), cefotaxime (30 µg), cefoxitin (30 µg), imipenem (10 µg), meropenem (10 µg), ertapenem (10 µg), ciprofloxacin (5 µg), gentamicin (15 µg), levofloxacin (5 µg), streptomycin (25 µg), colistin (30 µg), ofloxacin (5 µg), trimethoprim-sulfamethoxazole (25 µg), tetracycline (5 µg), nalidixic acid (15 µg), and piperacillin-tazobactam (110 µg). Results were interpreted using CLSI 2019 breakpoints (CLSI, 2019; Peter et al., 2025). P. aeruginosa ATCC 27853 was used as a quality control strain.
2.7 Multiple Antibiotic Resistance (MAR) Index
The MAR index for each isolate was calculated as a/b, where 'a' is the number of antibiotics to which the isolate was resistant, and 'b' is the total number of antibiotics tested (John-Onwe et al., 2023; Agwu et al., 2026). An index >0.2 indicates a high-risk source of contamination where antibiotics are frequently used (Agwu et al., 2026).
2.8 Statistical Analysis
[bookmark: _GoBack]Data were entered into Microsoft Excel and analyzed using SPSS version 25.0. Categorical variables (e.g., ESBL positivity, resistance rates) were expressed as frequencies and percentages. The association between age groups and ESBL production was analyzed using the Chi-square test. The mean MAR indices of ESBL-producers and non-producers were compared using an independent samples t-test. A p-value <0.05 was considered statistically significant.
3. Results
3.1 Prevalence and Age Distribution of P. aeruginosa
Of the 200 urine samples processed, 78 (39.0%) yielded significant bacterial growth. P. aeruginosa was identified in 58 of these samples, accounting for 29.0% of the total samples and 74.4% of all culture-positive samples. This high proportion of P. aeruginosa among positive cultures is notable, though recent studies from Southern Nigeria have reported P. aeruginosa rates of 2.6% (Obu et al., 2025) to 9.1% (Ogbukagu et al., 2016) among UTI isolates, with variability attributed to differences in study populations (hospitalized vs. outpatients) and healthcare exposure.
The distribution of P. aeruginosa by age group is shown in Table 1. The highest isolation rate was observed in the 32-38 years age group (45.6%), followed by the 18-24 years group (38.2%). The lowest rate was in the 39-45 years group (32.6%).
Table 1: Age Distribution of P. aeruginosa Isolates from Female UTI Patients 
	Age Group (years)
	Samples Collected (n)
	P. aeruginosa Isolates, n (%)

	18-24
	38
	15 (39.5)

	25-31
	52
	18 (34.6)

	32-38
	68
	31 (45.6)

	39-45
	42
	14 (33.3)

	Total
	200
	78 (39.0)



3.2 Phenotypic ESBL Production
Of the 58 P. aeruginosa isolates, 35 (60.3%) were confirmed as ESBL producers by the DDST. This prevalence is consistent with the 54% ESBL detection rate reported in environmental isolates from Nigerian wastewater (Muhammad et al., 2026) and aligns with the West African pooled ESBL prevalence of 16.8%, though rates are notably higher in clinical isolates from tertiary hospitals (Yartey et al., 2025; Puschel et al., 2026). The proportion of ESBL producers varied significantly by age group (χ² = 10.1, p = 0.018). The highest rate was observed in the 32-38 years age group (80.9%), while the lowest was in the 39-45 years group (33.3%) (Table 2).
Table 2: Age Distribution of ESBL-Producing P. aeruginosa Isolates
	Age Group (years)
	P. aeruginosa Isolates (n)
	ESBL-Positive, n (%)
	ESBL-Negative, n (%)

	18-24
	15
	10 (66.7)
	5 (33.3)

	25-31
	18
	11 (61.1)
	7 (38.9)

	32-38
	21
	17 (81.0)
	4 (19.0)

	39-45
	4
	2 (50.0)
	2 (50.0)

	Total
	58
	40 (69.0)
	18 (31.0)


3.3 Antibiotic Susceptibility Profile
The antibiotic susceptibility patterns of the 35 ESBL-producing P. aeruginosa isolates are presented in Table 3. Alarmingly high resistance rates (≥90%) were observed for 10 out of 17 antibiotics tested. Complete resistance (100%) was noted for cefoxitin, levofloxacin, trimethoprim-sulfamethoxazole, tetracycline, and nalidixic acid.
Gentamicin and imipenem were the most effective agents, with susceptibility rates of 71.4% and 65.7%, respectively. This finding corroborates recent reports from Abakaliki, where gentamicin and imipenem showed the highest efficacy against P. aeruginosa from pregnant women with UTIs (Okonkwo et al., 2025). Similarly, a study from Benin City by Multi-drug Resistance Profile of Bacteria Isolates (2025) reported 100% susceptibility of P. aeruginosa to imipenem, suggesting that carbapenems may still be viable treatment options in some Nigerian settings. However, the 34.3% imipenem resistance observed in our study is concerning and may indicate emerging carbapenemase production, as reported in Uyo where VIM and other carbapenemase genes were detected in clinical isolates (Onwuezobe et al., 2025).
Colistin showed moderate efficacy (25.7% susceptible), while meropenem and amoxicillin-clavulanate were largely ineffective (susceptibility rates of 28.6% and 8.6%, respectively). The high resistance to piperacillin-tazobactam (94.3%) aligns with findings from Uyo, where 75% of urine isolates of P. aeruginosa were resistant to this combination (Onwuezobe et al., 2025).
Table 3: Antibiotic Susceptibility Profile of ESBL-Producing P. aeruginosa
	Antibiotic (µg)
	Resistant, n (%)
	Susceptible, n (%)

	Aztreonam (30)
	30 (85.7)
	5 (14.3)

	Amoxicillin-Clavulanate (20/10)
	32 (91.4)
	3 (8.6)

	Cefotaxime (30)
	29 (82.9)
	6 (17.1)

	Cefoxitin (30)
	35 (100)
	0 (0.0)

	Imipenem (10)
	12 (34.3)
	23 (65.7)

	Meropenem (10)
	25 (71.4)
	10 (28.6)

	Ertapenem (10)
	35 (100)
	0 (0.0)

	Ciprofloxacin (5)
	26 (74.3)
	9 (25.7)

	Gentamicin (15)
	10 (28.6)
	25 (71.4)

	Levofloxacin (5)
	35 (100)
	0 (0.0)

	Streptomycin (25)
	31 (88.6)
	4 (11.4)

	Colistin (30)
	26 (74.3)
	9 (25.7)

	Ofloxacin (5)
	27 (77.1)
	8 (22.9)

	Trimethoprim-Sulfamethoxazole (25)
	35 (100)
	0 (0.0)

	Tetracycline (5)
	35 (100)
	0 (0.0)

	Nalidixic Acid (15)
	35 (100)
	0 (0.0)

	Piperacillin-Tazobactam (110)
	33 (94.3)
	2 (5.7)



3.4 Multiple Antibiotic Resistance (MAR) Index
The mean MAR index for ESBL-producing isolates was 0.78 (range: 0.65-0.94), which was significantly higher than that for non-ESBL producers (mean = 0.41; t = 11.2, p < 0.001). All ESBL-producers had a MAR index > 0.2, indicating their origin from a high-risk antibiotic-use environment. This high MDR prevalence (81% in environmental studies) (Muhammad et al., 2026) reflects the extensive antibiotic pressure in Nigerian healthcare and community settings.
4. Discussion
This study provides critical data on the prevalence of phenotypic ESBL production and the concerning antibiotic resistance patterns in P. aeruginosa isolated from female UTI patients in Enugu, Nigeria. The isolation rate of P. aeruginosa (29.0% of total samples) is significantly higher than rates reported in many other Nigerian studies (typically 2.6-6.7% for community UTIs) (Obu et al., 2025; Ogbukagu et al., 2016). This high prevalence likely reflects the tertiary hospital setting, where many patients may have healthcare-associated infections, prolonged hospital stays, or prior antibiotic exposure, selecting for this resilient pathogen (Newman et al., 2022). Similar elevated rates (16.7%) have been reported in nosocomial infections in Southern Nigeria (Onwuezobe et al., 2025).
The overall ESBL production rate of 60.3% among P. aeruginosa isolates is alarmingly high but consistent with the growing body of evidence from Nigeria. A 2025 systematic review on ESBL-producing bacteria in West Africa by Yartey et al. (2025) reported a pooled prevalence of 16.8%, with rates varying significantly by setting and population. The much higher rate in our study (60.3%) may be attributed to the exclusive focus on a tertiary hospital population, where antibiotic pressure is greatest. The review also highlighted that blaCTX-M is the predominant ESBL gene in the region, often carried on conjugative IncF plasmids that facilitate horizontal gene transfer between human, animal, and environmental reservoirs (Yartey et al., 2025; Puschel et al., 2026).
The high ESBL rate is likely driven by the overuse and misuse of broad-spectrum cephalosporins, which are commonly prescribed empirically for UTIs (Ombelet et al., 2018). The significant association between age group and ESBL production (p=0.018), with the peak in the 32-38 year age group, may reflect differences in healthcare access, antibiotic exposure, or risk factors such as pregnancy, catheterization, or recurrent UTIs in this demographic. A recent study from Abakaliki focusing on pregnant women reported a 45% prevalence of P. aeruginosa in UTIs, with the highest rates in younger age groups (Okonkwo et al., 2025).
The antibiotic susceptibility results paint a dire picture. The complete (100%) resistance of ESBL-producing P. aeruginosa to cefoxitin, levofloxacin, TMP-SMX, tetracycline, and nalidixic acid renders these classes of drugs completely ineffective for empirical therapy. This aligns with global trends of rising fluoroquinolone and sulfonamide resistance (Abd El-Baky et al., 2020). The high resistance to piperacillin-tazobactam (94.3%), a commonly used beta-lactamase inhibitor combination, suggests the presence of multiple resistance mechanisms beyond simple ESBL production, such as AmpC overproduction or efflux pumps (Hwang and Yoon, 2019). A study from Uyo similarly reported 75% resistance to piperacillin-tazobactam among P. aeruginosa urine isolates and detected AmpC resistance genes in clinical strains (Onwuezobe et al., 2025).
The retained efficacy of imipenem (65.7% susceptible) and gentamicin (71.4% susceptible) offers a glimmer of hope. A study from at Al-Baha in Saudi Arabia reported even higher imipenem susceptibility (98.78%) for Gram-negative bacteria (Alzahrani et al., 2020), in Chattogram, Fatema et al. (2023) reported P. arugionsa sensitivity to imipenem 100 %,  while research from Abakaliki also identified gentamicin and imipenem as the most effective agents (Okonkwo et al., 2025), Port sudan city,  Gentamicin showed the highest sensitivity (74.1%) among Gram-negative bacteria (Ibrahim et al., (2025) and Abuja Nigeria Nasiru et al. (2025) found imipenem and meropenem (89.0% vs. 81.1%) . However, the 34.3% resistance to imipenem observed in our study is a major concern, as carbapenems are considered last-line agents. This level of carbapenem resistance in ESBL-producers is indicative of emerging carbapenemase activity. Indeed, studies from Southern Nigeria have detected VIM and other carbapenemase genes in clinical P. aeruginosa isolates (Onwuezobe et al., 2025). The emergence of carbapenem-resistant P. aeruginosa in Nigeria is particularly worrisome given the limited therapeutic alternatives.
Gentamicin's relative effectiveness may be due to its less frequent use in some settings, but this advantage could be rapidly lost. The poor activity of colistin (only 25.7% susceptible) is particularly alarming, as colistin is often a last-resort drug for carbapenem-resistant infections. The high MDR prevalence (81%) reported in environmental wastewater studies (Muhammad et al., 2026) suggests that resistance genes are circulating widely in Nigerian communities, not just in hospitals.
The high MAR indices (mean 0.78 for ESBL-producers) confirm that these isolates are not only ESBL-positive but are broadly multidrug-resistant (MDR), often resistant to 4-5 different classes of antibiotics. A MAR index >0.2 is a strong indicator that the strain originated from an environment with high antibiotic pressure (John-Onwe et al., 2023; Agwu et al., 2026), which is characteristic of tertiary hospitals. The recent systematic review on West African ESBL clones identified several successful clones (ST10, ST410, ST58, ST155) circulating across humans, animals, and the environment, suggesting cross-sectoral transmission (Yartey et al., 2025; Puschel et al., 2026). This finding underscores the critical need for robust antimicrobial stewardship programs (ASPs) and a One Health approach to regulate antibiotic use and preserve the effectiveness of remaining drugs like imipenem and gentamicin.
The detection of virulence factors further complicates management. A 2025 study from Ekiti State found that 60% of P. aeruginosa from catheter-associated UTIs were biofilm producers, and 60% harbored the toxA virulence gene (Adewumi, Oluyege and Ipinlaye, 2025). Biofilm production significantly increases resistance to antibiotics and facilitates persistent infections, particularly in catheterized patients.
Limitations: This study was conducted at a single tertiary center and may not reflect the situation in primary care or community settings. The sample size (n=200) was adequate for prevalence estimation but limited for sub-group analyses. Phenotypic ESBL detection by DDST can have reduced sensitivity in P. aeruginosa due to other co-existing resistance mechanisms. Finally, the absence of genotypic confirmation means we cannot definitively link phenotypes to specific ESBL gene families (e.g., blaTEM, blaSHV, blaCTX-M), though the high ESBL prevalence is consistent with regional molecular data showing blaCTX-M dominance (Yartey et al., 2025; Puschel et al., 2026; Muhammad et al., 2026).
5. Conclusion
This study reports a high prevalence of phenotypic ESBL production among P. aeruginosa isolated from female UTI patients in a Nigerian tertiary hospital. These isolates exhibit extremely high levels of resistance to multiple classes of antibiotics, including penicillins, cephalosporins, fluoroquinolones, and sulfonamides. Imipenem and gentamicin are the only agents among those tested with moderate efficacy, but their utility is threatened by emerging resistance. The high MAR indices confirm the multidrug-resistant nature of these pathogens, posing a serious therapeutic challenge. These findings align with recent national and regional reports highlighting the escalating AMR crisis in Nigeria, driven by extensive antibiotic use, environmental contamination, and clonal dissemination of resistant strains. Enhanced antimicrobial stewardship, routine susceptibility testing, strengthened infection control measures, and wastewater surveillance are urgently needed to combat this threat.
6. Recommendations
1. Empirical therapy for suspected P. aeruginosa UTIs should be guided by local susceptibility data. Gentamicin or imipenem may be considered, but only after susceptibility testing confirms their efficacy. Avoid empirical use of fluoroquinolones, TMP-SMX, and tetracyclines for this pathogen.
2. Implement and enforce a formal Antimicrobial Stewardship Program (ASP) to monitor and restrict the use of broad-spectrum antibiotics, particularly carbapenems and cephalosporins. Given the high prevalence of ESBL producers, routine screening for ESBL and carbapenemase production should be standardized.
3. Continuous surveillance of AMR patterns in uropathogens is essential, adopting a One Health approach that includes clinical, animal, and environmental monitoring. Wastewater-based epidemiology can serve as a cost-effective complement to clinical surveillance.
4. Strict adherence to hand hygiene, environmental decontamination, and isolation of patients colonized or infected with MDR bacteria should be emphasized, particularly given the high rates of biofilm-producing strains.
5. 
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