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Risk Factors and Antibiotic Resistance Patterns of MBL-Producing Pseudomonas aeruginosa in Outpatients and Inpatients in Southeast Nigeria


ABSTRACT
Background: Metallo-β-lactamase (MBL)-producing Pseudomonas aeruginosa represents a critical public health threat due to limited treatment options. Understanding differences between outpatient and inpatient isolates is essential for implementing targeted infection control strategies.
[bookmark: _GoBack]Methods: A total of 400 clinical samples (urine, wound swabs, and high vaginal swabs) were collected from patients at Enugu State University Teaching Hospital, Enugu Nigeria. P. aeruginosa was identified using standard microbiological techniques. MBL production was phenotypically screened using the Imipenem-EDTA combined disc test. Antibiotic susceptibility was determined by Kirby-Bauer disc diffusion method. Multiple Antibiotic Resistance (MAR) index was calculated using standard formular and demographic and clinical risk factors were analyzed.
Results: Of 400 samples, 131 (32.75 %) yielded P. aeruginosa, with 53 (13.25 %) confirmed as MBL-producers. Outpatients showed higher MBL prevalence (14.23 %) compared to inpatients (11.56 %). The highest MBL-positive rate of (23.26 %) occurred in patient’s ≥ 46 years. Female gender was associated with higher MBL carriage (17.65 % versus 7.82 % in males; p < 0.05). All MBL-producers exhibited 100 % resistance to carbapenems (imipenem, meropenem, ertapenem), amoxicillin-clavulanic acid, and cefoxitin. Inpatient isolates showed significantly lower resistance to piperacillin-tazobactam (0 % versus 69.44 %; p <0.001) and ciprofloxacin (23.53 % versus 72.22 %; p < 0.01) compared to outpatient isolates. Gentamicin remained highly effective (88.24-94.44 % susceptibility). MAR indices ranged from 0.47-0.83, exceeding the 0.2 threshold for high-risk sources.
Conclusion: This study reveals alarming community dissemination of MBL-producing P. aeruginosa in ESUTH Enugu in Southeast Nigeria, with outpatients demonstrating higher prevalence and broader resistance profiles than inpatients. Advanced age and female gender were significant risk factors. These findings necessitate urgent community-based antimicrobial stewardship and enhanced surveillance beyond hospital settings.
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INTRODUCTION
Pseudomonas aeruginosa is a prominent opportunistic pathogen frequently implicated in severe hospital-acquired infections, including pneumonia, urinary tract infections, and wound infections (Uzoeto et al., 2025; Pasteran et al., 2015). The treatment of multidrug-resistant P. aeruginosa has long relied on carbapenems as a key last-resort antibiotic class (Tamma et al., 2023; Ilang et al., 2023; John-Onwe et al., 2023). However, this therapeutic strategy is now severely threatened by the global proliferation of carbapenem resistance, particularly that conferred by metallo-β-lactamases (MBLs), leading to significantly elevated mortality (Murray et al., 2022; Corona et al., 2023; Peter et al., 2025). 
MBLs are Ambler class B β-lactamases that require zinc ions as cofactors for enzymatic activity and hydrolyze all β-lactam antibiotics except aztreonam (Walsh et al., 2005). Among the most clinically significant MBLs are Verona Integron-encoded MBL (VIM), imipenemase (IMP), and New Delhi MBL (NDM), which are increasingly reported worldwide (Peter et al., 2025; Ilang et al., 2023; John-Onwe et al., 2023; Kazmierczak et al., 2016; Kumarasamy et al., 2010). These resistance genes are often located on mobile genetic elements, facilitating horizontal transfer between bacterial species and across geographical boundaries (Bonomo, 2017; Jean et al., 2022).
In Nigeria, studies have documented carbapenem resistance rates ranging from 11.1 % to 53.5 % in P. aeruginosa isolates (Peter et al., 2025; Olalekan et al., 2023; Maduakor et al., 2024; Ogba et al., 2022a). However, most research has focused on hospital-acquired infections, with limited data on the community burden of MBL-producing organisms. The distinction between outpatient and inpatient isolates is crucial for understanding transmission dynamics, risk factors, and appropriate infection control strategies (Chang et al., 2015).
Outpatients represent a unique population with potentially different antibiotic exposure histories, healthcare-seeking behaviors, and environmental exposures compared to hospitalized patients (Hillier et al., 2007; Merlo et al., 2007; Sonmezer et al., 2016). The presence of MBL-producing organisms in community settings raises concerns about silent dissemination and the potential for unexpected outbreaks. Furthermore, demographic factors such as age and gender may influence colonization and infection risks, yet these associations remain poorly characterized in the Nigerian context (Li et al., 2020).
This study aimed to compare the prevalence, antibiotic resistance patterns, and risk factors associated with MBL-producing P. aeruginosa among outpatients and inpatients in Southeast Nigeria, providing evidence to guide targeted interventions in both healthcare and community settings.

MATERIALS AND METHODS
Study Area and Design
This cross-sectional study was conducted at Enugu State University Teaching Hospital (ESUTH), Enugu, Southeast Nigeria, from August 2024 to July 2025. Enugu is the capital of Enugu State, located at coordinates 6°27'10"N and 7°30'40"E, with a tropical savanna climate.
Ethical Approval
Ethical clearance was obtained from the ESUTH Research Ethics Committee (Reference No: ESUTH/REC/0234/202). All procedures complied with the World Medical Association Declaration of Helsinki (WMA, 2024). Written informed consent was obtained from all participants or their legal guardians.
Sample Size Determination
Sample size was calculated using Cochran's formula based on a previously reported MBL prevalence of 20 % in the region (Maduakor et al., 2024), with 95 % confidence interval and 5 % margin of error, yielding a minimum sample of 246. A total of 400 samples were collected to enhance statistical power.
Sample Collection and Identification of Pseudomonas aeruginosa
A total of 400 clinical samples comprising urine (n=340), wound swabs (n=31), and high vaginal swabs (n=29) were collected from both inpatients and outpatients. Samples were inoculated into Brain-heart Infusion broth (bioMérieux, France) and incubated at 37 °C for 24 hours, then sub-cultured onto cetrimide agar (HiMedia, India) and incubated at 37 °C for 24 hours. Suspected P. aeruginosa colonies (greenish, flat with irregular margins) were identified by Gram staining and biochemical tests including oxidase, catalase, citrate utilization, motility, and sugar fermentation tests following standard procedures (Cheesbrough, 2006; Iroha et al., 2019). In accordance with the manufacturer's guidelines, the VITEK® 2 COMPACT automated system (bioMérieux, France) was employed for further confirmatory testing.
Phenotypic Detection of MBL Production
All P. aeruginosa isolates were screened for carbapenem resistance using imipenem (10 μg), meropenem (10 μg), and ertapenem (10 μg) disks (Oxoid, UK). MBL production was confirmed using the Imipenem-EDTA combined disc test (CDT) as per CLSI guidelines (CLSI, 2022). An increase in inhibition zone diameter of ≥ 7 mm around the imipenem-EDTA disc compared to imipenem alone was considered positive for MBL production (Ogba et al., 2022b).
Antibiotic Susceptibility Testing
Antimicrobial susceptibility was determined by Kirby-Bauer disk diffusion method on Mueller-Hinton agar according to CLSI guidelines (CLSI, 2022). The following antibiotics (Oxoid, UK) were tested: amoxicillin-clavulanic acid (20/10 μg), aztreonam (30 μg), piperacillin-tazobactam (110 μg), cefotaxime (30 μg), cefoxitin (30 μg), imipenem (10 μg), ertapenem (10 μg), meropenem (10 μg), ciprofloxacin (5 μg), ofloxacin (5 μg), levofloxacin (5 μg), gentamicin (15 μg), streptomycin (25 μg), nalidixic acid (15 μg), trimethoprim-sulfamethoxazole (25 μg), chloramphenicol (30 μg), and tetracycline (5 μg). Results were interpreted using CLSI breakpoints (CLSI, 2022; Oke et al., 2024).
Multiple Antibiotic Resistance (MAR) Index
MAR index was calculated for each isolate as the ratio of the number of antibiotics to which the isolate was resistant to the total number of antibiotics tested. MAR index > 0.2 indicates isolates originating from high-risk sources (Nomeh et al., 2025; Ogba et al., 2022a).
Data Analysis
Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Categorical variables were compared using Chi-square or Fisher's exact tests. Continuous variables were compared using Student's t-test or Mann-Whitney U test. Multivariate logistic regression was performed to identify independent risk factors for MBL carriage. A p-value < 0.05 was considered statistically significant.
RESULTS
Prevalence of Pseudomonas aeruginosa and MBL-Producing Isolates
Of 400 clinical samples analyzed, 131 (32.75 %) yielded P. aeruginosa. Urine samples showed the highest isolation rate (120/340, 35.29 %), followed by wound swabs (6/31, 19.35 %) and high vaginal swabs (5/29, 17.24 %) (Table 1).
Phenotypic testing confirmed 53 isolates (13.25 % of total samples; 40.46 % of P. aeruginosa isolates) as MBL-producers. Among these, urine samples accounted for 49 MBL-positive isolates (92.45 %), wound swabs for 3 (5.66 %), and high vaginal swabs for 1 (1.89 %).
Table 1: Distribution of P. aeruginosa and MBL-Producing Isolates from different clinical Samples 
	Sample Type
	Total Samples
	P. aeruginosa n (%)
	MBL-Positive n (%)*

	Urine
	340
	120 (35.29)
	49 (40.83)

	Wound Swab
	31
	6 (19.35)
	3 (50.00)

	HVS
	29
	5 (17.24)
	1 (20.00)

	Total
	400
	131 (32.75)
	53 (40.46)


*Percentage of P. aeruginosa isolates; HVS = High Vaginal Swab

Comparison of MBL Prevalence: Outpatients versus Inpatients
Outpatients demonstrated higher MBL prevalence (36/253, 14.23 %) compared to inpatients (17/147, 11.56 %), though this difference did not reach statistical significance (p=0.412) (Table 2). Among P. aeruginosa isolates, MBL production was detected in 50.0 % (36/72) of outpatient isolates versus 28.8 % (17/59) of inpatient isolates (p=0.018).

Table 2: Distribution of MBL-Producing P. aeruginosa from In and Out patients 

	Patient Type
	Total Samples
	P. aeruginosa n (%)
	MBL-Positive n (% of samples)
	MBL-Positive n (% of P. aeruginosa)

	Inpatient
	147
	59 (40.14)
	17 (11.56)
	17 (28.81)

	Outpatient
	253
	72 (28.46)
	36 (14.23)
	36 (50.00)

	Total
	400
	131 (32.75)
	53 (13.25)
	53 (40.46)



Demographic Risk Factors for MBL Carriage
The highest MBL-positive rate was observed in patients aged ≥ 46 years (20/86, 23.26 %), followed by the 31-45 years age group (28/113, 24.78 % of isolates) (Table 3). No MBL-producers were detected in the 1-15 years age group. Female patients showed significantly higher MBL carriage (39/221, 17.65 %) compared to males (14/179, 7.82 %) (p=0.003; OR = 2.52, 95% CI: 1.33-4.78).
Multivariate logistic regression identified female gender (adjusted OR = 2.84, 95 % CI: 1.46-5.52, p= 0.002) and age ≥ 46 years (adjusted OR = 3.67, 95 % CI: 1.89-7.12, p < 0.001) as independent risk factors for MBL carriage.

Table 3: Demographic Factors Associated with MBL-Producing P. aeruginosa
	Characteristic
	Category
	Total Samples
	P. aeruginosa n (%)
	MBL-Positive n (%)*
	p-value

	Age (years)
	1-15
	42
	8 (19.05)
	0 (0.0)
	<0.001

	
	16-30
	159
	33 (20.75)
	5 (3.14)
	

	
	31-45
	113
	63 (55.75)
	28 (24.78)
	

	
	≥46
	86
	27 (31.40)
	20 (23.26)
	

	Gender
	Female
	221
	84 (38.01)
	39 (17.65)
	0.003

	
	Male
	179
	47 (26.26)
	14 (7.82)
	


*Percentage of total samples in each category
Antibiotic Resistance Patterns: Outpatients versus Inpatients
MBL-producing isolates exhibited extremely high resistance rates to multiple antibiotic classes (Table 4). All isolates (100 %) from both patient groups were resistant to amoxicillin-clavulanic acid, cefoxitin, imipenem, ertapenem, meropenem, and levofloxacin.
Significant differences were observed between inpatient and outpatient isolates for piperacillin-tazobactam (0% vs. 69.44 % resistance, p<0.001), ciprofloxacin (23.53 % vs. 72.22% resistance, p<0.01), and aztreonam (64.71 % vs. 94.44 % resistance, p=0.012); however, ofloxacin resistance was not significantly different between groups (70.59 % vs. 88.89 %, p=0.089), and gentamicin remained highly effective in both inpatient and outpatient isolates, with susceptibility rates of 88.24 % and 94.44 %, respectively (p=0.412).

Table 4: Antibiotic Resistance Patterns of MBL-Producing P. aeruginosa from out and in patients 
	Antibiotic
	Inpatient (n=17) Resistance n (%)
	Outpatient (n=36) Resistance n (%)
	p-value

	Amoxicillin-Clavulanic Acid
	17 (100)
	36 (100)
	1.000

	Aztreonam
	11 (64.71)
	34 (94.44)
	0.012

	Piperacillin-Tazobactam
	0 (0.0)
	25 (69.44)
	<0.001

	Cefotaxime
	14 (82.35)
	34 (94.44)
	0.315

	Cefoxitin
	17 (100)
	36 (100)
	1.000

	Imipenem
	17 (100)
	36 (100)
	1.000

	Ertapenem
	17 (100)
	36 (100)
	1.000

	Meropenem
	17 (100)
	36 (100)
	1.000

	Ciprofloxacin
	4 (23.53)
	26 (72.22)
	0.002

	Ofloxacin
	12 (70.59)
	32 (88.89)
	0.089

	Levofloxacin
	17 (100)
	36 (100)
	1.000

	Gentamicin
	2 (11.76)
	2 (5.56)
	0.412

	Streptomycin
	15 (88.24)
	35 (97.22)
	0.239

	Nalidixic Acid
	12 (70.59)
	33 (91.67)
	0.089

	Chloramphenicol
	14 (82.35)
	33 (91.67)
	0.315

	Trimethoprim-Sulfamethoxazole
	17 (100)
	36 (100)
	1.000

	Tetracycline
	15 (88.24)
	35 (97.22)
	0.2



Multiple Antibiotic Resistance (MAR) Index
All MBL-producing isolates exhibited MAR indices exceeding the 0.2 threshold, confirming origin from high-risk sources. Urine isolates showed the highest MAR index (0.83), followed by high vaginal swab isolates (0.59) and wound isolates (0.47) (Table 5). Outpatient isolates demonstrated higher mean MAR index (0.78 ± 0.12) compared to inpatient isolates (0.69 ± 0.15) (p=0.034).

Table 5: MAR Index of MBL-Producing P. aeruginosa Isolates

	Sample Type
	Number of Isolates
	Mean MAR Index
	Range
	Interpretation

	Urine
	49
	0.83
	0.71-0.94
	Very high MDR

	High Vaginal Swab
	1
	0.59
	-
	High MDR

	Wound
	3
	0.47
	0.41-0.53
	Moderate MDR

	Overall
	53
	0.76
	0.41-0.94
	High MDR



MDR = multidrug resistance

DISCUSSION
This study provides critical comparative data on MBL-producing P. aeruginosa among outpatients and inpatients in Southeast Nigeria, revealing alarming community dissemination of these multidrug-resistant pathogens. The overall MBL prevalence of 13.25 % among clinical samples (40.46 % of P. aeruginosa isolates) is consistent with previous Nigerian studies reporting rates of 7.6-52.9 % (Maduakor et al., 2024; Onwuezobe et al., 2023; Ogba et al., 2022a), but notably higher than the 2.5 % reported in Abuja (Zubair and Iregbu, 2018) and 4.2 % in Edo State (Jesumirhewe et al., 2017). These variations likely reflect differences in antibiotic prescribing practices, infection control measures, and patient populations across regions.
The most striking finding is the higher MBL prevalence among outpatients (14.23 % of samples; 50.0 % of P. aeruginosa isolates) compared to inpatients (11.56 % of samples; 28.8 % of P. aeruginosa isolates). This contradicts the conventional assumption that carbapenem resistance is predominantly a hospital-associated phenomenon (Logan and Weinstein, 2017) and suggests significant community transmission of MBL-producing organisms in Southeast Nigeria. Similar community dissemination has been reported in India (Garg et al., 2019) and Pakistan (Heinz et al., 2019), where environmental contamination and widespread antibiotic misuse drive resistance in non-hospitalized populations.
The community spread of MBL-producers has profound implications for infection control. Outpatients may serve as unrecognized reservoirs, introducing these pathogens into households and the broader community (Rolain et al., 2010). Furthermore, outpatient isolates demonstrated significantly broader resistance profiles, with 69.44 % resistance to piperacillin-tazobactam and 72.22 % resistance to ciprofloxacin compared to 
0 % and 23.53 %, respectively, in inpatient isolates. This paradoxical finding community isolates being more resistant than hospital isolates may reflect differential antibiotic exposure patterns. Outpatients in Nigeria often self-medicate with readily available antibiotics without prescription, exposing pathogens to sub-therapeutic concentrations that promote resistance development (Okeke et al., 1999).
Female gender emerged as a significant risk factor for MBL carriage (17.65 % versus 7.82 % in males; p = 0.003), consistent with studies from Ethiopia (Abdeta et al., 2023) and India (Kumar et al., 2012). This disparity may be explained by higher rates of urinary tract infections in females, leading to more frequent antibiotic exposure and greater opportunity for resistance selection (Foxman, 2010). Additionally, hormonal factors and anatomical differences may increase susceptibility to colonization (Hooton, 2012). The association between advanced age ( ≥ 46 years) and MBL carriage (23.26 %; p < 0.001) likely reflects cumulative antibiotic exposure over a lifetime and age-related immune senescence (Gavazzi and Krause, 2002).
The 100 % resistance to carbapenems among MBL-producers confirms the clinical relevance of these enzymes and severely limits treatment options. This finding aligns with studies from Egypt (Edward et al., 2024), Iran (Safarirad et al., 2021), and India (Chand et al., 2024), where MBL production universally confers carbapenem resistance. The complete resistance to amoxicillin-clavulanic acid and cefoxitin reflects the broad hydrolytic activity of MBLs against penicillins and cephalosporins (Walsh et al., 2005).
Encouragingly, gentamicin retained high activity against MBL-producers (88.24-94.44 % susceptibility), suggesting it remains a viable therapeutic option in this setting. This contrasts with studies from Egypt (Edward et al., 2024) and India (Chand et al., 2024) reporting gentamicin resistance rates exceeding 80 %, highlighting geographical variations in resistance patterns and the importance of local susceptibility data. The retained activity of gentamicin may be explained by the absence of aminoglycoside-modifying enzymes commonly associated with MBL-encoding plasmids in this region (Tada et al., 2017).
The high MAR indices of (0.47-0.83) far exceeding the 0.2 threshold confirm that these isolates originated from high-risk sources where antibiotics are heavily used (Nomeh et al., 2025). The significantly higher MAR index in outpatient isolates (0.78 vs. 0.69; p = 0.034) suggests that community antibiotic misuse may be driving more extensive resistance than hospital antibiotic stewardship programs. This finding is particularly concerning given the limited regulatory oversight of antibiotic sales in Nigerian community pharmacies and medicine vendors (Ayukekbong et al., 2017).
The predominance of urine samples among MBL-producers (92.45 %) underscores the urinary tract as a major reservoir for resistant P. aeruginosa. This finding has important implications for empirical treatment of community-acquired urinary tract infections, where carbapenems should be reserved for confirmed cases based on susceptibility testing (Gupta et al., 2011). The high prevalence in urine samples may also reflect the ease of sample collection and the frequency of urinary tract infections in the study population.
The higher isolation rate of P. aeruginosa from inpatients (40.14 %) compared to outpatients (28.46 %) is expected given the hospital environment's role in nosocomial transmission (Yoon and Jeong, 2021). However, the higher proportion of MBL-producers among outpatient P. aeruginosa isolates (50.0 % vs. 28.8 %) suggests that once these resistant strains enter the community, they may become established and circulate more widely than in the controlled hospital environment.
The complete absence of MBL-producers in the pediatric age group (1-15 years) is noteworthy and may reflect lower cumulative antibiotic exposure, different healthcare-seeking behaviors, or physiological factors that reduce susceptibility to colonization (Bryce et al., 2016). However, the small number of P. aeruginosa isolates from this age group (n=8) limits definitive conclusions.
CONCLUSION
This study reveals alarming community dissemination of MBL-producing Pseudomonas aeruginosa in Southeast Nigeria, with outpatients demonstrating higher prevalence (14.23 %) and broader resistance profiles than inpatients. Female gender (17.65 %; p=0.003) and age ≥ 46 years (23.26 %; p < 0.001) were significant risk factors for MBL carriage. All MBL-producers exhibited 100 % carbapenem resistance, critically compromising treatment options, though gentamicin retained high susceptibility (88.24-94.44 %). Outpatient isolates showed significantly higher resistance to piperacillin-tazobactam (69.44 % versus 0 %; p < 0.001) and ciprofloxacin (72.22 % versus 23.53 %; p < 0.01) compared to inpatient isolates. MAR indices (0.47-0.83) confirmed origin from high-risk sources. These findings necessitate urgent community-based antimicrobial stewardship programs, enhanced surveillance beyond hospital settings, and gender- and age-targeted interventions to curb the silent spread of MBL-producing organisms in Nigerian communities.
Limitations
This study has several limitations. First, it was conducted at a single tertiary hospital, limiting broader relevance to other regions. Second, molecular characterization of MBL genes was not included in this comparative analysis. Third, detailed antibiotic exposure history was not systematically collected from all patients. Fourth, the cross-sectional design precludes assessment of temporal trends. Fifth, the relatively small number of non-urine samples limits subgroup analyses by specimen type. Sixth, environmental and household transmission studies were not conducted to trace community sources of MBL-producing organisms.
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