


Co-occurrence of Quinolone Resistance Genes and Extended-Spectrum Beta-Lactamase (ESBL) in Klebsiella pneumoniae and Escherichia coli, from patients attending Hospital in Onitsha.
ABSTRACT
Escherichia coli and Klebsiella pneumoniae are leading uropathogens, with rising resistance to fluoroquinolones and β-lactams posing major treatment challenges. The co-occurrence of plasmid-mediated quinolone resistance (PMQR) genes and extended-spectrum β-lactamase (ESBL) determinants further complicates therapy. A cross-sectional study was conducted on urine specimens collected from patients with suspected urinary tract infections (UTIs) in Onitsha, Nigeria. Isolates were identified by standard microbiological and biochemical procedures. Antibiotic susceptibility study was assessed using the Kirby–Bauer disk diffusion method and interpreted according to CLSI guidelines. Phenotypic ESBL detection was performed by the double-disk synergy test, while PCR was employed to detect qnrA, qnrB, and CTX-M genes. Among 297 urine samples, 158 (53.2%) yielded significant bacterial growth, predominantly K. pneumoniae (51.9%) and E. coli (48.1%). High resistance rates were observed to cefotaxime (64.6% K. pneumoniae, 63.2% E. coli), fluoroquinolones (42–61%), and β-lactams. Phenotypic ESBL production was not detected; however, PCR identified CTX-M in 6.6% of the isolates and qnrA/qnrB in 36.7% of the isolates. The high prevalence of multidrug resistance and plasmid-mediated quinolone resistance among E. coli and K. pneumoniae in Onitsha highlights the urgent need for routine molecular surveillance. Incorporating genotypic screening into resistance monitoring programs is critical for guiding effective antimicrobial stewardship and preserving therapeutic options. 
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1. INTRODUCTION
Quinolone antibiotics are widely used antibacterial agents known for their broad-spectrum activity and excellent oral absorption, making them effective in treating a variety of bacterial infections. Their clinical popularity over the past five decades stems from several favorable characteristics, including potent antibacterial action, extensive tissue penetration, ease of administration with tolerable side effects (1, 2). Quinolones function by disrupting bacterial DNA replication through inhibition of DNA gyrase and topoisomerase IV enzymes critical for maintaining DNA topology and cellular viability (3).
Despite their effectiveness, increasing resistance to quinolones has emerged due to genetic mutations that alter the structure of their target enzymes, thereby diminishing drug their binding efficacy. This resistance trend is a growing concern in the management of infectious diseases (4).
Extended-Spectrum Beta-Lactamases (ESBLs) have become a significant resistance mechanism among Gram-negative bacteria. These enzymes enable bacteria to degrade a broad range of beta-lactam antibiotics, rendering them ineffective. ESBL-producing bacteria are found in both hospital and community environments, and they pose increased risk to patients, particularly those with compromised immune systems or indwelling medical devices (5, 6).
Members of the Enterobacteriaceae family, particularly Escherichia coli and Klebsiella pneumoniae, are common in urinary tract infections (UTI). These infections are not only widespread, but also becoming more resistant due to the combined processes of ESBL development and quinolone resistance (6, 7, 8). The presence of several resistance characteristics in a single bacterial strain complicates therapy and can lead to therapeutic failure unless more potent or combination medicines are utilized (1, 9).
This study investigates the co-occurrence of Quinolone resistance genes and ESBL production in E. coli and K. pneumoniae isolates obtained from patients with UTIs in Onitsha, Anambra State, Nigeria.


2. METHODS
2.1. Study design and ethical approval
A descriptive cross-sectional study was conducted between March and October 2024 at St. Charles Borromeo Hospital, Onitsha, Anambra State, Nigeria. Mid-stream urine specimens were obtained from patients with clinically suspected urinary tract infections (UTIs). Ethical clearance was obtained from the hospital’s Clinical Sciences and Ethics Committee (Ref: CH/ETH.C/007). Written informed consent was secured from participants prior to enrolment.
2.2. Sample collection and transport
Mid-stream urine specimens were collected in sterile, wide-mouthed universal containers labeled with unique identifiers. All samples were transported to the Microbiology Laboratory, Department of Pharmaceutical Microbiology and Biotechnology, Nnamdi Azikiwe University, within 3–4 hours of collection, under recommended storage conditions to maintain integrity.
2.3. Bacterial culture and identification
Urine samples (10 μL each) were streaked onto MacConkey agar and incubated at 37 °C for 18–24 hours. Distinct colonies were purified by sub-culturing, then maintained on nutrient agar slants at 4 °C. Preliminary identification was based on colonial morphology and Gram staining. Standard biochemical tests, including indole, citrate, catalase, and oxidase reactions, were used to confirm Escherichia coli and Klebsiella pneumoniae.
2.4. Antibiotic susceptibility testing
Antibiotic susceptibility was assessed using the Kirby–Bauer disk diffusion method on Mueller–Hinton agar, and results interpreted in accordance with Clinical and Laboratory Standards Institute (10) guidelines. Bacterial suspensions were standardized to 0.5 McFarland turbidity (≈1.5 × 10⁸ CFU/mL). Antibiotics tested included quinolones (ciprofloxacin, levofloxacin, ofloxacin, nalidixic acid), β-lactams (cefotaxime, ceftriaxone, cefuroxime, cefixime, amoxicillin–clavulanate), gentamicin, nitrofurantoin, and imipenem. Following overnight incubation at 37 °C, inhibition zones were measured and interpreted as susceptible, intermediate, or resistant following CLSI breakpoint.

2.5. Phenotypic detection of ESBL
Screening for extended-spectrum β-lactamase (ESBL) activity was carried out by disk diffusion with ceftazidime (30 µg) and ceftriaxone (30 µg). Isolates with reduced susceptibility to the 3rd generation Cephalosporins were further subjected to double disk synergy test (DDST) using cephalosporin–clavulanate combinations. Enhancement of inhibition zones toward the clavulanate disc was interpreted as ESBL production (10).
2.6. Molecular detection of resistance genes	Comment by sangeeta sarma: The gene specific primers used in the experiment and the cycle conditions must be mentioned in a separate table
Genomic DNA was extracted using a boiling lysis method. The presence of qnrA, qnrB, and CTX-M genes was determined by conventional PCR with gene-specific primers as previously described (1, 9). Amplification was performed in 25 µL reactions containing OneTaq Master Mix (New England Biolabs), template DNA, and primers. Cycling conditions included initial denaturation, followed by 30–45 cycles of denaturation, annealing, and extension, with a final elongation step.
2.7. Gel electrophoresis
Amplicons were resolved on 1.5% agarose gels prepared in TBE buffer with ethidium bromide. Electrophoresis was conducted at 120 V for ~40 minutes, and DNA bands were visualized under UV illumination.



3. RESULTS
3.1. Sample distribution 
A total of 299 urine samples were collected for microbiological analysis and 158 (52.8%) yielded bacterial isolates confirmed through morphological assessment, Gram staining, and biochemical testing. Among the confirmed isolates, Klebsiella spp. (n = 82, 51.9%) and Escherichia coli (n = 76, 48.1%) were the predominant pathogens identified. 
3.2. Age-Specific Distribution of Isolates	Comment by sangeeta sarma: The bar diagram should have proper error bars

Figure 1: Graphical representation of age group and total isolates of E. coli and Klebsiella spp.
According to Figure 1, the 41–50-year age group exhibited the highest rate of culture-positive bacterial isolates (32.9%), followed by the 18–30-year group (25.95%) and the 31–40-year group (24.68%). The ≥ 51-year cohort showed the lowest proportion of infections, accounting for only 16.46% of all isolates.
3.3. Phenotypic and Biochemical Characterization of Isolates
The isolated microorganisms were characterized based on their colonial morphology. E. coli appeared as pure pink, Gram-negative colonies with a shiny surface on the MacConkey Agar plate, indicating lactose fermentation. In contrast, Klebsiella spp. exhibited a thread-like circular shape with a slightly pink coloration but lacked the dazzling surface observed in E. coli. These distinct morphological features were used as preliminary identification criteria before further biochemical and molecular characterization.
The biochemical tests conducted for E. coli and Klebsiella spp. revealed that E. coli was negative for the citrate and oxidase tests but positive for the indole test. Klebsiella spp. tested positive for the catalase test, negative for the oxidase test and negative for indole test.

3.4. Antibiotic Susceptibility Profiles
Antibiotic susceptibility testing revealed high levels of multidrug resistance in both Klebsiella pneumoniae and Escherichia coli isolates.
Table 1: Result of Antibiotics sensitivity test of Klebsiella pneumoniae and E.coli isolates.	Comment by sangeeta sarma: Table should be statistically significant with standard deviation
	
	Klebsiella pneumonia (N=82) 
	Escherichia coli (N=76) 

	
Antibiotics
	S
	I
	R
	S
	I
	R

	Cefotaxime (25µg)
	25 (30.5%)
	15 (18.3%)
	42 (64.6%)
	 11 (14.5%)
	17 (22.4%)
	48 (63.2%)

	Ciprofloxacin
 (30 µg)
	18 (21.9%)
	14 (17.07%)
	50 60.97%)
	32 (42.1%)
	19 (25%)
	25 (32.9%)

	Nitrofurantoin (30µg)
	10 (12.2%)
	22 (26.8%)
	50 (60.9%)
	17 (22.4%)
	25 (32.9%)
	34 (44.7%)

	Ceftriaxone (30µg)
	10 (12.2%)
	27 (32.9%)
	45 (54.9%)
	34 (44.7%)
	19 (25.0%)
	23 (30.3%)

	Gentamycin (10µg)
	8 (9.8%)
	30 (36.6%)
	44 (53.6%)
	15 (19.7%)
	21 (27.6%)
	40 (52.6%)

	Levofloxacin (5µg)
	23 (28.0%)
	15 (18.3%)
	44 (53.6%)
	23 (30.3%)
	18 (23.6%)
	35 (35.0%)

	Amoxicillin-Clavulanic acid (30µg)
	25 (30.5%)
	15 (18.3%)
	42 (51.2%)
	21 (27.6%)
	15 (18.3%)
	40 (52.6%)

	Cefexime (5µg)
	24 (29.3%)
	18 (21.95%)
	40 (48.8%)
	19 (25.0%)
	18 (23.7%)
	40 (51.3%)

	Cefuroxime (30µg)
	20 (24.5%)
	24 (39.2%)
	38 (38.0%)
	18 (23.7%)
	32 (42.1%)
	26 (34.2%)

	Impenem (10µg)
	21 (25.6%)
	32 (39.0%)
	29 (35.4%)
	8 (10.5%)
	22 (28.9%)
	46 (60.5%)

	Ofloxacin (5µg)
	10 (12.2%)
	46 (56.1%)
	26 (31.7%)
	13 (17.1%)
	31 (40.8%)
	32 (42.1%)

	Nalidixic acid
	14 (17.1%)
	44 (53.7%)
	24 (29.3%)
	32 (42.1%)
	15 (19.7%)
	29 (38.2%)


Table 1 above, show that the antibiotic resistance profile of Klebsiella pneumoniae isolates revealed high levels of resistance to several antibiotics, with the highest resistance observed against Cefotaxime (64.6%), Ciprofloxacin (60.9%), Nitrofurantoin (60.9%), Gentamicin (53.6%), Levofloxacin (53.6%), Ceftriaxone (54.9%), Amoxicillin-clavulanic acid (51.2%), Cefixime (48.8%), Imipenem (35.4%), Cefuroxime (38.0%), Ofloxacin (31.7%), and Nalidixic acid (29.3%).
Similarly, Escherichia coli isolates exhibited resistance to Cefotaxime (63.2%), Imipenem (60.5%), Amoxicillin-clavulanic acid (52.6%), Gentamicin (52.6%), Cefixime (51.3%), Nitrofurantoin (44.7%), Ofloxacin (42.1%), Nalidixic acid (38.2%), Levofloxacin (35.0%), Cefuroxime (34.2%), Ciprofloxacin (32.9%), and Ceftriaxone (30.3%).
3.5. ESBL Screening and Confirmatory Testing
Phenotypic screening for Extended-Spectrum Beta-Lactamase (ESBL) production was conducted using CLSI-recommended disk diffusion methods. None of the bacterial isolates demonstrated reduced susceptibility indicative of no ESBL activity during the initial screening with ceftazidime and ceftriaxone. Furthermore, confirmatory testing with the Double-Disc Synergy Test (DDST) demonstrated no substantial increase in inhibitory zones surrounding cephalosporin-clavulanate combination. This finding verifies the absence of phenotypic ESBL synthesis in the examined isolates.
3.6. Molecular Characterisation of Bacterial Isolates
PCR amplification identified the presence of plasmid-mediated quinolone resistance genes (qnrA and qnrB) and ESBL-associated CTX-M genes (Figure 2 and Figure 3). Among 50 randomly selected isolates analyzed, 10 (20%) tested positive for either qnrA or qnrB genes. Only 2 isolates (4%) were positive for the CTX-M gene, indicating limited ESBL gene dissemination compared to quinolone resistance determinants.
[image: ]The prevalence of resistance genes is summarized in Table 2, which revealed qnr gene carriage in 36.7% of isolates and CTX-M gene detection in 6.6%. These findings suggest that quinolone resistance is more widely distributed than ESBL-associated resistance within the study population.
                                                                                                                                                                                
Figure 2. Gel Image of Qnr A (516-620bp) and Qnr B (469bp)	Comment by sangeeta sarma: Image not very clear. Repeat the experiment
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Figure 3. Gel Image of CTX-M Isolates

Table 2: Prevalence of Qnr and CTX-M Genes among Isolates
	RESISTANCE GENES
	     PREVALENCE (%)

	Qnr A and B
	36.67

	CTX-M
	6.6



From table 2, the data indicate that 36.67% of the isolates carried the Qnr resistance gene, signifying a notable presence of quinolone resistance. On the other hand, only 6.6% of the isolates tested positive for the CTX-M gene, which is associated with ESBL production. This suggests that quinolone resistance is more prevalent in the bacterial isolates compared to ESBL-producing CTX-M genes. 

4. DISCUSSION
This study investigated the prevalence, antibiotic susceptibility, and molecular characteristics of E. coli and K. pneumoniae isolated from urinary tract infections (UTIs) in Onitsha, Nigeria. The results revealed a high infection rate (52.8%), with K. pneumoniae (51.9%) and E. coli (48.1%) being the predominant uropathogens. This pattern is consistent with reports from other parts of Nigeria and sub-Saharan Africa, where these organisms remain the most frequently isolated bacterial agents in community- and hospital-acquired UTIs (11-13).
The observed distribution reflects the widespread presence of K. pneumoniae and E. coli in the intestinal flora and their opportunistic ability to cause infections when host immunity is compromised or when urogenital hygiene is poor. The high isolation rate among the 41–50-year age group underscores the influence of occupational stress, sexual activity, and pre-existing metabolic conditions that predispose adults in this demographic to UTIs. Similar age-related trends have been documented in earlier Nigerian studies (7, 14).
Antibiotic susceptibility profiling demonstrated alarming resistance rates to commonly prescribed agents, particularly β-lactams and fluoroquinolones. K. pneumoniae exhibited high resistance to cefotaxime (64.6%), ciprofloxacin (60.9%), and nitrofurantoin (60.9%), while E. coli showed resistance to cefotaxime (63.2%), imipenem (60.5%), and amoxicillin-clavulanate (52.6%). These findings align with previous studies conducted in Nigeria (12, 15), which similarly reported extensive resistance among uropathogenic Enterobacteriaceae. The increasing resistance to fluoroquinolones is particularly concerning because these agents have long been the empirical choice for UTI management (16-18). Such high resistance rates may reflect antibiotic misuse, self-medication, and inadequate antimicrobial stewardship within the region.
Interestingly, phenotypic screening did not reveal any Extended Spectrum Beta-Lactamase (ESBL) production among the isolates, despite the molecular detection of CTX-M genes in a few samples. This discrepancy may be attributed to low gene expression levels, silent resistance determinants, or the presence of other non-ESBL-mediated resistance mechanisms (19, 20). Similar observations have been made in other African settings, where the presence of ESBL genes did not always correlate with phenotypic expression (21, 22).
The identification of qnrA and qnrB genes in 36.7% of tested isolates further underscores the emergence of plasmid-mediated quinolone resistance in Nigeria. These genes encode proteins that protect bacterial DNA gyrase from the inhibitory effects of fluoroquinolones (23). Their presence highlights the growing role of mobile genetic elements in the dissemination of antimicrobial resistance (AMR) among community pathogens. This finding aligns with global surveillance data that show qnr genes are now widespread in Enterobacteriaceae, especially in developing countries with weak antibiotic regulation (24, 25).
The combination of high phenotypic resistance, detection of plasmid-mediated genes, and absence of consistent ESBL expression suggests a multifactorial resistance landscape in Onitsha. Contributing factors likely include unregulated antibiotic access, empirical therapy without culture guidance, and limited molecular diagnostics in clinical laboratories. These findings reinforce the urgent need for enhanced AMR surveillance programs, rational antibiotic prescription practices, and strengthened diagnostic microbiology capacities across Nigeria.
The detection of CTX-M and qnr genes, even at low frequencies, indicates that resistance determinants are already circulating in community settings. This emphasizes the importance of continuous molecular monitoring to prevent the establishment of untreatable multidrug-resistant (MDR) clones. Integrating such surveillance into national AMR action plans, as recommended by the WHO Global Antimicrobial Resistance Surveillance System (GLASS), is crucial to safeguarding the efficacy of existing antibiotics (26, 27).



5. CONCLUSION
This study highlights the continuing public health challenge posed by E. coli and K. pneumoniae as predominant etiological agents of urinary tract infections in Onitsha, Nigeria. The high level of resistance to commonly prescribed antibiotics, particularly β-lactams and fluoroquinolones, underscores the urgent need for improved antibiotic stewardship and surveillance systems. Although phenotypic ESBL expression was not observed, the molecular detection of CTX-M and qnr genes indicates the silent dissemination of resistance determinants within community-acquired infections.
These findings emphasize the necessity for strengthened diagnostic microbiology capacity in Nigerian healthcare facilities to enable evidence-based therapy. The detection of plasmid-mediated quinolone resistance also calls for targeted monitoring of horizontal gene transfer mechanisms that facilitate antimicrobial resistance spread. Furthermore, public health interventions addressing self-medication and unregulated antibiotic sales are essential to curb the emergence of multidrug-resistant pathogens.
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