



Gender-Based Differences in Antibiotic Resistance Profiles of Multidrug-Resistant Pseudomonas aeruginosa Isolates from a Nigerian Tertiary Hospital: A Comparative Statistical Analysis


ABSTRACT
Background: Pseudomonas aeruginosa is a leading cause of multidrug-resistant (MDR) hospital-acquired urinary tract infections (UTIs). Despite growing recognition of gender as a determinant of health outcomes, limited research has systematically examined gender-based differences in antibiotic resistance profiles among bacterial pathogens. This study compared antibiotic resistance patterns of MDR P. aeruginosa isolated from urine samples of male and female patients at Alex Ekwueme Federal University Teaching Hospital, Abakaliki, Nigeria.
Methods: A total of 123 P. aeruginosa isolates from urine specimens (42 male, 81 female) were identified using standard microbiological methods. Antibiotic susceptibility was determined by the Kirby-Bauer disc diffusion method against 13 antibiotics according to Clinical Laboratory Standard Institute guidelines. The Multiple Antibiotic Resistance Index (MARI) was calculated for each isolate. Data were analyzed using SPSS version 25, with Chi-square test for gender comparisons (p<0.05 considered significant).
Results: Female isolates exhibited significantly higher resistance rates compared to male isolates for multiple antibiotics: amoxicillin-clavulanic acid (98.8 % vs. 71.4 %, p=0.0001), ciprofloxacin (96.3 % vs. 81.0 %, p=0.012), colistin (91.4 % vs. 71.4 %, p=0.007), and trimethoprim-sulfamethoxazole (95.1 % vs. 76.2 %, p=0.003). Conversely, male isolates showed significantly higher susceptibility to piperacillin-tazobactam (100 % vs. 81.5 %, p=0.009). Both genders exhibited universal resistance (100 %) to aztreonam, ceftazidime, cefotaxime, cefoxitin, and ertapenem. Mean MARI was significantly higher in female isolates (0.76 ± 0.10) compared to male isolates (0.68 ± 0.14) (p=0.031). All 123 isolates (100 %) were multidrug-resistant, with female isolates more frequently exhibiting extensively drug-resistant phenotypes (34.6 % vs. 19.0 %).
Conclusion: Significant gender-based differences exist in antibiotic resistance profiles of MDR P. aeruginosa uropathogens, with females demonstrating broader resistance spectra and higher resistance to clinically important antibiotics including last-resort agents. These findings underscore the need for gender-informed antimicrobial stewardship, targeted empirical treatment guidelines, and gender-stratified resistance surveillance.
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1. INTRODUCTION
Pseudomonas aeruginosa is a formidable opportunistic pathogen and a leading cause of healthcare-associated infections worldwide, particularly among immunocompromised patients and those with indwelling medical devices (Pachori et al., 2019; Horcajada et al., 2019). As a non-fermentative Gram-negative bacillus, P. aeruginosa exhibits intrinsic resistance to multiple antimicrobial classes and possesses an extraordinary capacity to acquire additional resistance mechanisms, making it one of the most challenging pathogens in clinical practice (Bonomo and Szabo, 2006; Livermore, 2002).
Urinary tract infections (UTIs) caused by P. aeruginosa represent a significant clinical concern, accounting for approximately 10-15 % of all hospital-acquired UTIs and up to 25 % of catheter-associated UTIs (Flores-Mireles et al., 2015; Weiner et al., 2016). These infections are associated with prolonged hospitalization, increased healthcare costs, and substantial morbidity, particularly when caused by multidrug-resistant (MDR) strains (Zavascki et al., 2010; Nathwani et al., 2014). The World Health Organization has classified carbapenem-resistant P. aeruginosa as a priority 1 (critical) pathogen for which new antibiotics are urgently needed (Tacconelli et al., 2018; Peter et al., 2025).
In Nigeria, several studies have documented alarming rates of multidrug resistance in clinical P. aeruginosa isolates, with prevalence ranging from 60 % to 85 % (Odumosu et al., 2013; Olayinka et al., 2009; Iroha et al., 2019; Uzoeto et al., 2025; Peter et al., 2025). However, most of these studies have treated patient populations as homogeneous groups, potentially overlooking important demographic variations in resistance patterns.
Gender-based differences in infectious disease epidemiology and treatment outcomes have gained increasing recognition in recent years (Regitz-Zagrosek, 2012; Klein and Flanagan, 2016). Biological factors, including hormonal influences, anatomical differences, and variations in immune responses, may contribute to differential susceptibility to infections and responses to antimicrobial therapy (Vázquez-Martínez et al., 2018). Additionally, behavioral factors such as healthcare-seeking patterns, antibiotic utilization practices, and exposure to healthcare settings may differ between genders, potentially influencing the selection and spread of resistant organisms (Schroder et al., 2016).
Despite growing awareness of gender as a determinant of health outcomes, limited research has systematically examined gender-based differences in antibiotic resistance profiles among bacterial pathogens. Most antimicrobial surveillance programs report aggregated data without gender stratification, potentially masking important epidemiological variations that could inform targeted interventions (Theuretzbacher, 2017).
In the context of urinary tract infections, anatomical differences between males and females are particularly relevant. The shorter female urethra and proximity to the perianal region increase susceptibility to UTIs, while in males, UTIs are often complicated by underlying urological abnormalities or catheterization (Foxman, 2010; Ekuma et al., 2023). These differences may influence not only infection risk but also the characteristics of infecting organisms and their resistance profiles (Ekuma et al., 2023).
Previous studies from various geographical settings have reported conflicting findings regarding gender-based differences in antibiotic resistance. Some investigators have observed higher resistance rates in female patients, attributed to greater antibiotic exposure from recurrent UTIs (McGregor et al., 2013; Linhares et al., 2013), while others have found no significant gender differences (Schmiemann et al., 2012). 
Therefore, this study aimed to compare the antibiotic resistance profiles and multidrug resistance patterns of P. aeruginosa isolated from urine samples of male and female patients at a tertiary hospital in Abakaliki, Nigeria. Understanding these gender-based differences is essential for developing targeted antimicrobial stewardship programs, optimizing empirical treatment guidelines, and implementing gender-informed infection control strategies.

2. MATERIALS AND METHODS
2.1 Study Design and Setting
This comparative cross-sectional study was conducted at the Microbiology Laboratory unit of Ebonyi State University, in collaboration with Alex Ekwueme Federal University Teaching Hospital (AE-FUTHA), Abakaliki, Nigeria, from January to December 2024. Abakaliki is the capital of Ebonyi State, located in southeastern Nigeria at latitude 6.3231°N and longitude 8.1121°E (Ilang et al., 2023).
2.2 Ethical Approval
Ethical approval was obtained from the Research and Ethics Committee of AE-FUTHA (Approval number: AE-FUTHA/REC/2024/042). All procedures were conducted in accordance with the Declaration of Helsinki (World Medical Association, 2024). Patient confidentiality was maintained throughout the study.
2.3 Sample Collection and Processing
A total of 289 non-repetitive urine samples were collected from patients with suspected urinary tract infections attending various wards and outpatient departments of AE-FUTHA. Samples were collected in sterile universal containers and transported immediately to the laboratory for processing. Midstream urine specimens were prioritized to minimize contamination.
2.4 Isolation and Identification of Pseudomonas aeruginosa
Urine samples were inoculated onto cetrimide agar (Sigma-Aldrich, U. S.A) using a calibrated loop (0.001 mL) and incubated aerobically at 37 °C for 24 hours. Significant bacteriuria was defined as ≥10⁵ colony-forming units per milliliter (CFU/mL) (Cheesbrough, 2006). Presumptive P. aeruginosa colonies were identified based on characteristic morphology: greenish colonies with grape-like odor on cetrimide agar. The presumptive P. aeruginosa  identification was performed by Gram staining and a series of biochemical tests including oxidase (positive), catalase (positive), citrate utilization (positive), indole (negative), methyl red (negative), Voges-Proskauer (negative), and oxidative-fermentative (oxidative) tests following standard protocols (Iroha et al., 2019). Further confirmatory test was performed using VITEK® 2 COMPACT Automated system (bioMérieux, France) according to manufacturer’s instruction
2.5 Standardization of Test Bacteria
All test bacteria were standardized before susceptibility testing by preparing a suspension of the test organism in sterile water to match the 0.5 McFarland turbidity standard (1.5 × 10⁸ CFU/mL), as described by Iroha et al. (2019) and Joseph et al. (2023).
2.6 Antibiotic Susceptibility Testing
Antimicrobial susceptibility was determined using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Thermo Fisher Scientific, USA) according to Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2022). The following antibiotic disks were tested: amoxicillin-clavulanic acid (30 μg), aztreonam (30 μg), ceftazidime (30 μg), cefotaxime (30 μg), cefoxitin (30 μg), ciprofloxacin (5 μg), colistin (30 μg), ertapenem (10 μg), gentamicin (15 μg), imipenem (10 μg), meropenem (10 μg), piperacillin-tazobactam (5 μg), and trimethoprim-sulfamethoxazole (25 μg) (Oxoid, UK). The bacterial suspensions (equivalent to 0.5 McFarland standard) were swabbed onto Mueller-Hinton agar plates. Antibiotic disks were placed using sterile forceps, and plates were incubated at 37°C for 18-24 hours. Inhibition zone diameters were measured and interpreted as susceptible, intermediate, or resistant according to CLSI breakpoints (CLSI, 2022; Peter et al., 2025). Isolates showing intermediate susceptibility were classified as resistant for analytical purposes (CLSI, 2022; Peter et al., 2025).
2.7 Multiple Antibiotic Resistance Index
The Multiple Antibiotic Resistance Index (MARI) was calculated for each isolate as the number of antibiotics to which the isolate was resistant divided by the total number of antibiotics tested (Edemekong et al., 2023; Nomeh et al., 2026). Multidrug resistance (MDR) was defined as resistance to at least one agent in three or more antimicrobial categories (Edemekong et al., 2023; Nomeh et al., 2026). Extensively drug-resistant (XDR) was defined as resistance to all tested antibiotics except one to two classes (John-Onwe et al., 2023).
2.8 Statistical Analysis
Data were entered into Microsoft Excel and analyzed using SPSS version 25 (IBM Corp., Armonk, NY, USA). Categorical variables were expressed as frequencies and percentages. Comparisons between male and female isolates were performed using Chi-square test or Fisher's exact test, as appropriate. Mean MARI values were compared using independent samples t-test. A p-value < 0.05 was considered statistically significant.
3. RESULTS
3.1 Distribution of Pseudomonas aeruginosa Isolates by Gender
Of the 289 urine samples processed, 123 (42.6 %) yielded significant growth of P. aeruginosa. Among these, 42 isolates (34.1 %) were from male patients, and 81 isolates (65.9 %) were from female patients. The male-to-female ratio was approximately 1:1.9, reflecting the higher prevalence of urinary tract infections in females in the study population. This gender distribution is consistent with previous reports from Nigeria (Ilang et al., 2023; John-Onwe et al., 2023).
3.2 Antibiotic Resistance Profiles by Gender
Table 1 presents the comparative antibiotic resistance profiles of P. aeruginosa isolates from male and female patients against 13 antimicrobial agents. Female isolates demonstrated significantly higher resistance rates to several clinically important antibiotics.



Table 1: Antibiotic Resistance Profiles of P. aeruginosa by Gender
	Antibiotic
	Male (n=42)
	Female (n=81)
	χ²
	p-value

	
	R n (%)
	S n (%)
	R n (%)
	S n (%)
	
	

	ATM (30 μg)
	42 (100)
	0 (0.0)
	81 (100)
	0 (0.0)
	-
	-

	AMC (20/10 μg)
	30 (71.4)
	12 (28.6)
	80 (98.8)
	1 (1.2)
	21.43
	0.0001*

	CAZ (30 μg)
	42 (100)
	0 (0.0)
	81 (100)
	0 (0.0)
	-
	-

	CTX (30 μg)
	42 (100)
	0 (0.0)
	81 (100)
	0 (0.0)
	-
	-

	FOX (30 μg)
	42 (100)
	0 (0.0)
	81 (100)
	0 (0.0)
	-
	-

	IPM (10 μg)
	20 (47.6)
	22 (52.4)
	30 (37.0)
	51 (63.0)
	1.12
	0.290

	MEM (10 μg)
	32 (76.2)
	10 (23.8)
	70 (86.4)
	11 (13.6)
	2.46
	0.117

	ETP (10 μg)
	42 (100)
	0 (0.0)
	81 (100)
	0 (0.0)
	-
	-

	CIP (5 μg)
	34 (81.0)
	8 (19.0)
	78 (96.3)
	3 (3.7)
	6.31
	0.012*

	GN (15 μg)
	4 (9.5)
	38 (90.5)
	5 (6.2)
	76 (93.8)
	0.44
	0.507

	CT (30 μg)
	30 (71.4)
	12 (28.6)
	74 (91.4)
	7 (8.6)
	7.33
	0.007*

	SXT (25 μg)
	32 (76.2)
	10 (23.8)
	77 (95.1)
	4 (4.9)
	8.77
	0.003*

	TZP (5 μg)
	0 (0.0)
	42 (100)
	15 (18.5)
	66 (81.5)
	6.83
	0.009*


*Statistically significant (p<0.05)
Abbreviations: ATM-aztreonam, AMC-amoxicillin-clavulanic acid, CAZ-ceftazidime, CTX-cefotaxime, FOX-cefoxitin, IPM-imipenem, MEM-meropenem, ETP-ertapenem, CIP-ciprofloxacin, GN-gentamicin, CT-colistin, SXT-trimethoprim-sulfamethoxazole, TZP-piperacillin-tazobactam, R-resistant, S-susceptible
Female isolates exhibited significantly higher resistance to amoxicillin-clavulanic acid (98.8 % vs. 71.4 % in males, p = 0.0001), ciprofloxacin (96.3 % vs. 81.0 %, p = 0.012), colistin (91.4 % vs. 71.4 %, p = 0.007), and trimethoprim-sulfamethoxazole (95.1 % vs. 76.2 %, p = 0.003). Conversely, male isolates showed significantly higher susceptibility to piperacillin-tazobactam, with 100 % susceptibility in males compared to 81.5 % in females (p = 0.009), indicating that piperacillin-tazobactam remains a highly effective treatment option for male patients with P. aeruginosa UTIs in this setting. Both genders exhibited universal resistance (100 %) to aztreonam, ceftazidime, cefotaxime, cefoxitin, and ertapenem, indicating that these antibiotics have limited clinical utility against P. aeruginosa uropathogens in this hospital.
3.3 Multiple Antibiotic Resistance Index by Gender
The mean MARI for all isolates was 0.73 ± 0.12 (range: 0.54-0.92), indicating high-level multidrug resistance. Gender-specific analysis revealed a significantly higher mean MARI in female isolates (0.76 ± 0.10) compared to male isolates (0.68 ± 0.14) (t = 2.21, p = 0.031) (Table 2). This finding confirms that female patients harbored P. aeruginosa isolates with broader resistance spectra.
Table 2: Multiple Antibiotic Resistance Index by Gender
	Gender
	n
	Mean MARI ± SD
	Minimum
	Maximum
	t
	p-value

	Male
	42
	0.68 ± 0.14
	0.54
	0.85
	2.21
	0.031*

	Female
	81
	0.76 ± 0.10
	0.62
	0.92
	
	

	Total
	123
	0.73 ± 0.12
	0.54
	0.92
	
	


*Statistically significant (p<0.05)
3.4 Multidrug Resistance Patterns
All 123 isolates (100 %) met the criteria for MDR, being resistant to at least three antimicrobial categories. This finding is consistent with previous reports from Nigeria documenting high MDR rates in P. aeruginosa (Iroha et al., 2019; John-Onwe et al., 2023; Ilang et al., 2023). However, the distribution of MDR patterns varied by gender.
Female isolates more frequently exhibited resistance to 8-10 antibiotic classes (76.5 %, 62/81), while male isolates were more commonly resistant to 5-7 classes (71.4 %, 30/42). Extensively drug-resistant (XDR) phenotypes (resistance to all tested antibiotics except 1-2 classes) were observed in 34.6 % (28/81) of female isolates compared to 19.0 % (8/42) of male isolates. This difference, while not reaching statistical significance (χ² = 3.12, p = 0.077), suggests a trend toward more extensive resistance profiles in female patients.
3.5 Summary of Gender-Based Resistance Differences
Table 3 summarizes the key gender-based differences observed in this study. Female isolates demonstrated significantly higher resistance to four antibiotic classes (penicillins + β-lactamase inhibitors, fluoroquinolones, polymyxins, and folate pathway inhibitors) and had a significantly higher mean MARI. Male isolates showed significantly higher susceptibility to piperacillin-tazobactam, a key anti-pseudomonal combination.



Table 3: Summary of Significant Gender-Based Differences
	Parameter
	Male (n=42)
	Female (n=81)
	p-value

	Amoxicillin-clavulanic acid resistance
	71.4%
	98.8%
	0.0001*

	Ciprofloxacin resistance
	81.0%
	96.3%
	0.012*

	Colistin resistance
	71.4%
	91.4%
	0.007*

	Trimethoprim-sulfamethoxazole resistance
	76.2%
	95.1%
	0.003*

	Piperacillin-tazobactam susceptibility
	100%
	81.5%
	0.009*

	Mean MARI
	0.68 ± 0.14
	0.76 ± 0.10
	0.031*

	XDR phenotype
	19.0%
	34.6%
	0.07


*Statistically significant (p<0.05)
4. DISCUSSION
This study provides the comprehensive analysis of gender-based differences in antibiotic resistance profiles of P. aeruginosa uropathogens from a Nigerian tertiary hospital. Our findings reveal significant gender disparities in resistance patterns, with female patients harboring isolates with broader resistance spectra and elevated resistance to multiple clinically important antibiotics, including last-resort agents such as colistin.
The overall high level of antibiotic resistance observed in this study aligns with previous reports from Nigeria and other African countries. Iroha et al. (2019) documented similar resistance patterns in P. aeruginosa isolates from clinical sources in Abakaliki. John-Onwe et al. (2023) reported co-expression of multiple resistance determinants in XDR P. aeruginosa from the same hospital, while Ilang et al. (2023) observed high resistance rates to beta-lactam antibiotics in Gram-negative isolates. These consistent findings indicate that antimicrobial resistance among P. aeruginosa has become endemic in this healthcare setting.
The significantly higher resistance to amoxicillin-clavulanic acid in females (98.8 % vs. 71.4 %) is particularly noteworthy. This combination is frequently used for empirical treatment of community-acquired infections, including UTIs. The near-universal resistance in female isolates likely reflects selective pressure from repeated antibiotic exposures, as females are disproportionately affected by recurrent UTIs (McGregor et al., 2013; Linhares et al., 2013). Similar findings were reported by Schroder et al. (2016), who observed higher antibiotic prescribing rates in females, potentially contributing to increased resistance selection.
Ciprofloxacin resistance was alarmingly high in both genders but significantly more so in females (96.3 % vs. 81.0 %). Fluoroquinolones have traditionally been first-line agents for UTI treatment, and widespread resistance severely compromises therapeutic options. This finding is consistent with studies from other Nigerian settings. Odumosu et al. (2013) reported high fluoroquinolone resistance in P. aeruginosa from Southwest Nigeria, while Olayinka et al. (2009) documented similar patterns in North Central Nigeria. The higher resistance in females may reflect greater exposure to fluoroquinolones for recurrent UTI treatment, as suggested by McGregor et al. (2013).
The near-complete resistance to colistin (91.4 %) in female isolates is particularly concerning and represents one of the most alarming findings of this study. Colistin is considered a last-resort antibiotic for infections caused by MDR Gram-negative bacteria (Zavascki et al., 2010; Tacconelli et al., 2018). The high resistance rate in females may reflect the spread of plasmid-mediated colistin resistance genes (mcr variants), which have been documented in Nigeria. Iroha et al. (2023) detected the mcr-1 gene in P. aeruginosa isolates from Abakaliki, while Agbo et al. (2024) reported mcr genes in clinical isolates from Enugu. The significantly higher colistin resistance in females warrants urgent investigation into the molecular mechanisms and potential transmission routes.
Trimethoprim-sulfamethoxazole resistance was also significantly higher in females (95.1 % vs. 76.2 %). This antibiotic combination has been widely used for UTI treatment and prophylaxis, particularly in females with recurrent infections (Foxman, 2010; Ekuma et al., 2023; Nomeh et al., 2023). The high resistance rates observed render this agent ineffective for empirical UTI treatment in this setting (Ekuma et al., 2023; Peter et al., 2025).
The universal resistance to aztreonam, ceftazidime, cefotaxime, cefoxitin, and ertapenem across both genders indicates that these antibiotics have limited clinical utility against P. aeruginosa uropathogens in this hospital. This finding is consistent with reports from other Nigerian studies. Adekanmbi et al. (2020) documented high resistance to beta-lactam antibiotics in Gram-negative bacteria from various sources in Southwest Nigeria, while Egwu et al. (2021) reported similar patterns in Acinetobacter baumannii from Abakaliki.
Conversely, piperacillin-tazobactam demonstrated excellent activity against male isolates (100 % susceptibility) and good activity against female isolates (81.5 % susceptibility). The significantly higher susceptibility in males suggests that this agent remains a reliable treatment option for P. aeruginosa UTIs in male patients. Gautam et al. (2022) similarly reported high susceptibility to piperacillin-tazobactam in P. aeruginosa isolates from India. Gentamicin also showed good activity against both genders (90.5 % susceptibility in males, 93.8 % in females), consistent with findings from Khan et al. (2020) in Australian isolates.
The significantly higher mean MARI in female isolates (0.76 vs. 0.68) confirms that female patients harbor P. aeruginosa with broader resistance spectra. This finding has direct implications for empirical treatment selection, suggesting that antibiotic choices for UTIs in females should be guided by awareness of higher resistance probabilities. Similar MARI values have been reported in Nigerian studies. Ugwu et al. (2020) documented high MARI in uropathogens from Southeastern Nigeria, while Joseph et al. (2023) observed comparable indices in clinical isolates.
The universal MDR status of all isolates underscores the critical nature of antimicrobial resistance in this setting. The trend toward higher XDR prevalence in females (34.6 % vs. 19.0 %), while not statistically significant (p=0.077), suggests a clinically meaningful difference that warrants further investigation with larger sample sizes. Similar XDR rates have been reported in Egypt (Nasser et al., 2020), India (Tewari et al., 2020) and in Nigeria (John-Onwe et al., 2023)
Several mechanisms may explain the gender-based differences observed in this study. Females are disproportionately affected by recurrent urinary tract infections, leading to repeated antibiotic exposures that create selective pressure for resistant organisms (McGregor et al., 2013; Linhares et al., 2013; Ekuma et al., 2023). The frequent use of beta-lactam antibiotics, fluoroquinolones, and trimethoprim-sulfamethoxazole for empirical UTI treatment in females may preferentially select resistant strains (Schroder et al., 2016; Ogba et al., 2022; Nomeh et al., 2023; Ekuma et al., 2023; Peter et al., 2025). Additionally, hormonal influences on the vaginal microbiota and urinary tract environment may affect colonization dynamics and resistance gene transfer (Vázquez-Martínez et al., 2018; Ekuma et al., 2023).
The higher carbapenem resistance observed numerically (though not statistically significant) in females (86.4 % vs. 76.2 % for meropenem) may reflect healthcare exposure patterns (Peter et al., 2025). While males with complicated UTIs often have identifiable risk factors such as catheterization (Foxman, 2010; Peter et al., 2025), females may acquire carbapenem-resistant organisms through repeated healthcare contacts for recurrent infections or through cross-transmission in outpatient settings (Peter et al., 2025; Nomeh et al., 2023; Ogba et al., 2022).
The absence of significant gender differences in imipenem and meropenem resistance suggests that carbapenem resistance mechanisms may be more uniformly distributed. However, the high overall carbapenem resistance rates (37.0-86.4 %) are concerning and exceed those reported in some other African countries. Baleivanualala et al. (2024) documented lower carbapenem resistance in Fiji, while Abdeta et al. (2023) reported variable rates in Ethiopia.
The strengths of this study include its focus on a single specimen type (urine), which eliminates confounding by infection site, and the comprehensive phenotypic characterization of resistance patterns. The use of CLSI guidelines ensures comparability with international studies. The statistical approach, including gender-stratified analysis, provides robust evidence for observed differences.
However, several limitations warrant consideration. First, the absence of molecular characterization limits our understanding of the genetic basis for observed gender differences. Studies by Ahmed et al. (2022) and Venkataramana et al. (2022) have demonstrated the value of molecular analysis in understanding resistance mechanisms. Second, the single-center design may limit generalizability to other populations and healthcare settings. Third, we did not collect clinical data on prior antibiotic exposure, hospitalization history, UTI recurrence, or comorbidities, which could elucidate mechanisms underlying gender differences. Fourth, the sample size, while adequate for detecting major differences, may have been insufficient to detect smaller but clinically relevant differences in some antibiotic classes. Fifth, the cross-sectional design precludes assessment of temporal trends or causal relationships.
Despite these limitations, our findings have important implications for clinical practice and public health. Empirical antibiotic choices for P. aeruginosa UTIs should consider patient gender, with females requiring broader coverage and greater consideration of colistin-sparing regimens. The high resistance to multiple antibiotic classes in females suggests that combination therapy or early transition to susceptibility-guided therapy may be beneficial.
Antimicrobial stewardship programs should incorporate gender-stratified resistance data to optimize treatment guidelines. The significant differences observed between genders indicate that "one-size-fits-all" empirical treatment recommendations may be inadequate. Stewardship interventions should address gender-specific risk factors, including recurrent UTI management in females and catheter-associated infection prevention in males.
Infection control interventions should target both genders but address gender-specific risk factors. In females, attention should focus on preventing recurrent UTIs and reducing unnecessary antibiotic exposures. In males, emphasis should be placed on appropriate catheter use and prevention of healthcare-associated infections.
The high colistin resistance in females raises concerns about the potential spread of plasmid-mediated resistance genes. Enhanced surveillance for mcr genes and implementation of contact precautions for colonized or infected patients may be necessary to prevent further dissemination.
5. CONCLUSION
This study demonstrates significant gender-based disparities in antibiotic resistance profiles of MDR P. aeruginosa uropathogens in Nigeria, with female isolates exhibiting broader resistance spectra and higher resistance to clinically important antibiotics including amoxicillin-clavulanic acid, ciprofloxacin, colistin, and trimethoprim-sulfamethoxazole. The significantly higher mean MARI in females (0.76 vs. 0.68) and trend toward more XDR phenotypes confirm that female patients harbor more extensively resistant strains. These findings underscore the critical need for gender-stratified antimicrobial surveillance, targeted empirical treatment guidelines that account for gender-specific resistance patterns, and enhanced antimicrobial stewardship programs addressing recurrent UTI management in females. The alarming colistin resistance in females warrants urgent molecular investigation to guide infection control measures and preserve this last-resort antibiotic for future generations.
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