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Background: Urinary tract infections caused by extended-spectrum beta-lactamase (ESBL)-producing uropathogens pose a significant 

therapeutic challenge due to increasing antimicrobial resistance. This study aimed to determine the prevalence of ESBL-producing uropathogens 

and their antimicrobial susceptibility patterns among UTI patients at a tertiary care hospital in South India. Material and Methods: A 

prospective cross-sectional study was conducted over one year. Of 420 urine samples collected from clinically suspected UTI patients, 384 

were eligible for final analysis after excluding contaminated and duplicate samples. Significant bacteriuria was defined as ≥10⁵ CFU/mL. 

Uropathogens were identified by standard microbiological methods and antimicrobial susceptibility testing was performed by Kirby-Bauer disk 

diffusion following CLSI guidelines. ESBL production was confirmed by the Combined Disc Test. Results: Of 384 eligible samples, 168 

(43.7%) showed significant bacteriuria. Female patients predominated (68.2%). Escherichia coli was the most common isolate (57.1%), 

followed by Klebsiella pneumoniae (21.4%). Among 148 Gram-negative isolates, 68 (45.9%) were confirmed ESBL producers. Near-universal 

resistance to third-generation cephalosporins (94–97%) and high fluoroquinolone resistance (79.4%) was observed among ESBL producers. 

Amikacin (91.2%) and imipenem (98.5%) retained excellent activity. Prior antibiotic use and previous hospitalization were independent risk 

factors for ESBL acquisition. Conclusion: A high prevalence of ESBL-producing uropathogens with resistance to commonly used empiric 

antibiotics was observed. Routine ESBL screening, culture-guided therapy, and antibiotic stewardship programs are strongly recommended to 

contain antimicrobial resistance in this region. 
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INTRODUCTION 
 

Urinary tract infections (UTIs) are among the most prevalent 

infectious diseases worldwide, representing a significant 

public health and economic burden.[1] They affect individuals 

across all age groups and remain one of the most common 

reasons for antibiotic prescription in both community and 

healthcare settings.[2] The predominant causative organisms 

are Gram-negative Enterobacterales, with Escherichia coli 

and Klebsiella pneumoniae accounting for the majority of 

cases.[3] 

Extended-spectrum beta-lactamase (ESBL)-producing 

uropathogens have emerged as a critical challenge in the 

management of UTIs globally. ESBLs are plasmid-mediated 

enzymes capable of hydrolyzing a broad range of beta-lactam 

antibiotics, including third-generation cephalosporins and 

aztreonam, thereby rendering these drugs ineffective.[4] The 

CTX-M family is currently the most prevalent ESBL 

genotype, with the blaCTX-M-15 lineage particularly 

associated with multidrug-resistant uropathogenic E. coli 

strains circulating in India.[5] Studies from tertiary care 

centers in central India have reported high ESBL positivity 

among uropathogens alongside extensive multidrug resistance, 

emphasizing the need for region-specific antibiotic policies.[6] 

Furthermore, surveillance from northern India has documented 

co-existence of carbapenemase and AmpC genes within ESBL-

positive uropathogens, indicating an escalating and clinically 

concerning resistance complexity.[7] 

Risk factors for ESBL-producing UTIs include prior antibiotic 

use, hospitalization, urinary catheterization, and recurrent 

infections.[1,3] Infections caused by these organisms are 
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associated with treatment failure, prolonged hospital stay, 

and increased morbidity, with therapeutic options often 

restricted to carbapenems.[4] Given the rising prevalence of 

ESBL-producing uropathogens globally and the particularly 

high burden in South Asia, local epidemiological data are 

essential for guiding empiric therapy and formulating 

effective antibiotic stewardship programs. This study aims to 

determine the prevalence of ESBL-producing uropathogens 

and their antimicrobial susceptibility patterns among patients 

presenting with UTIs. 

 

MATERIALS AND METHODS 

Study Design and Setting: This was a prospective cross-

sectional study conducted over a period of one year at the 

Department of Microbiology, in collaboration with the 

various OP and IP specialities of a tertiary care teaching 

hospital in South India. Written informed consent was 

obtained from all enrolled patients or their legal guardians. 

Sample Size Calculation: The sample size was calculated 

using the formula n = Z²P(1−P)/d², where Z = 1.96 (for 95% 

confidence level), P = prevalence of ESBL-producing 

uropathogens estimated at 46% based on a prior South Indian 

study from Vellore,[8] and d = 0.05 (allowable error of 5%). 

This yielded a minimum required sample size of 382 urine 

samples. Accounting for a 10% non-response and culture-

negative rate, a total of 420 urine samples were targeted for 

collection. 

Inclusion and Exclusion Criteria 

Patients of all age groups and both sexes presenting with 

clinical features suggestive of UTI including dysuria, 

increased urinary frequency, urgency, suprapubic pain, fever, 

and flank pain  and submitting midstream urine samples for 

culture and sensitivity were included. Patients who had 

received antibiotics within the preceding 48 hours, those with 

indwelling urinary catheters for less than 48 hours, duplicate 

samples from the same patient, and samples with evidence of 

contamination (more than two organisms on culture) were 

excluded from the study. 

Sample Collection and Processing: Midstream clean-catch 

urine samples were collected in sterile, wide-mouthed, leak-

proof containers following detailed instructions given to 

patients on proper perineal hygiene. Catheter-associated 

samples were collected aseptically from the catheter port. All 

samples were processed within one hour of collection or 

stored at 4°C and processed within four hours. Standard 

microbiological procedures were followed to isolate and 

identify the organism.[9] 

Antimicrobial Susceptibility Testing: Antimicrobial 

susceptibility testing was performed on all significant isolates by 

the Kirby-Bauer disk diffusion method on Mueller-Hinton Agar 

following the Clinical and Laboratory Standards Institute (CLSI) 

guidelines.[11] The antibiotic discs tested included ampicillin 

(10 µg), amoxicillin-clavulanate (20/10 µg), cefuroxime (30 µg), 

ceftazidime (30 µg), cefotaxime (30 µg), ceftriaxone (30 µg), 

cefepime (30 µg), piperacillin-tazobactam (100/10 µg), 

imipenem (10 µg), meropenem (10 µg), gentamicin (10 µg), 

amikacin (30 µg), ciprofloxacin (5 µg), levofloxacin (5 µg), 

cotrimoxazole (1.25/23.75 µg), and nitrofurantoin (300 µg). 

Zone diameters were measured and interpreted as sensitive, 

intermediate, or resistant as per CLSI breakpoints. 

ESBL Detection: All Gram-negative isolates showing reduced 

susceptibility (intermediate or resistant) to ceftazidime, 

cefotaxime, or ceftriaxone on initial screening were subjected to 

phenotypic ESBL confirmation. ESBL production was 

confirmed using the Combined Disc Test (CDT) as 

recommended by CLSI. Discs of ceftazidime (30 µg) and 

cefotaxime (30 µg) were placed alone and in combination with 

clavulanic acid (10 µg). An increase in zone diameter of ≥5 mm 

for either cephalosporin tested in combination with clavulanic 

acid versus the cephalosporin disc alone was interpreted as ESBL 

positive.[12] Klebsiella pneumoniae ATCC 700603 (known ESBL 

producer) and Escherichia coli ATCC 25922 (known ESBL non-

producer) were used as positive and negative controls 

respectively. 

Data Analysis: Data were entered into Microsoft Excel and 

analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY). 

Categorical variables were expressed as frequencies and 

percentages. Chi-square test and Fisher's exact test were used for 

comparison between ESBL-producing and non-ESBL-producing 

groups where applicable. A p-value of <0.05 was considered 

statistically significant. 

 

RESULTS 

A total of 420 urine samples were collected from patients with 

clinically suspected UTI during the study period. Of these, 384 

(91.4%) were eligible for analysis after excluding contaminated 

and duplicate samples. The majority of patients were female 

(68.2%, n=262), with a male-to-female ratio of approximately 

1:2.1.  The age of patients ranged from 5 to 85 years. The most 

commonly affected age group was 21–40 years (34.6%), 

followed by 41–60 years (27.3%). [Table 1] 

 

Table 1: Demographic Profile of Study Participants (n=384) 

Variable Category Number (n) Percentage (%) 

Sex Male 122 31.8 

 Female 262 68.2 

Age Group (years) ≤10 23 5.9 

 11–20 31 8.1 

 21–40 133 34.6 

 41–60 105 27.3 

 61–80 72 18.8 

 >80 20 5.2 

Patient Type Outpatient (OPD) 228 59.4 

 Inpatient (IPD) 156 40.6 

Culture Result Significant growth 168 43.7 

 No significant growth 216 56.3 
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A total of 420 urine samples were collected from patients 

with clinically suspected UTI during the study period. Of 

these, 384 (91.4%) were eligible for analysis after excluding 

contaminated and duplicate samples. The majority of patients 

were female (68.2%, n=262), with a male-to-female ratio of 

approximately 1:2.1, consistent with the known 

predisposition of females to UTIs owing to anatomical 

differences.[13] The age of patients ranged from 5 to 85 years. 

The most commonly affected age group was 21–40 years 

(34.6%), followed by 41–60 years (27.3%), reflecting the 

reproductive and working-age population as a high-risk 

group. [Table 2] 

 

Table 2: Bacteriological Profile of Uropathogens Isolated from Culture-Positive Samples (n=168) 

Organism Number (n) Percentage (%) ESBLPositive (n) ESBLRate (%) 

Escherichia coli 96 57.1 43 44.8 

Klebsiella pneumoniae 36 21.4 19 52.8 

Pseudomonas aeruginosa 14 8.3 4 28.6 

Proteus mirabilis 8 4.8 2 25.0 

Enterococcus faecalis 10 5.9 — — 

Other organisms 4 2.4 — — 

Total Gram-negative 148 88.1 68 45.9 

Total Gram-positive 20 11.9 — — 

Total 168 100 68 40.5* 

 

The antibiotic susceptibility pattern is presented in Table 3. 

ESBL-producing isolates demonstrated significantly higher 

resistance across most antibiotic classes compared to non-

ESBL producers (p<0.05). Resistance to third-generation 

cephalosporins was near-universal among ESBL producers: 

cefotaxime and cefuroxime (97.1% each), ceftriaxone 

(95.6%), and ceftazidime (94.1%). Ciprofloxacin resistance 

was markedly higher in ESBL producers (79.4%) than non-

ESBL producers (53.7%) (p=0.002).  Piperacillin-

tazobactam sensitivity was preserved in only 52.9% of ESBL 

producers versus 80.0% of non-ESBL producers (p<0.001). 

Nitrofurantoin retained activity in 67.6% of ESBL producers, 

supporting its use in uncomplicated lower UTIs. Amikacin 

(91.2%) and imipenem (98.5%) demonstrated excellent 

activity against ESBL producers with no statistically 

significant difference compared to non-ESBL producers 

(p=0.590 and p=0.650 respectively), confirming their 

reliability as treatment options for ESBL-UTIs. [Table 3] 

 

Table 3: Antibiotic Susceptibility Pattern of ESBL-Producing vs Non-ESBL-Producing Gram-Negative Uropathogens 

Antibiotic ESBL Producers (n=68)  Non-ESBL Producers (n=80)  p-value 

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

Cefuroxime (30 µg) 2 (2.9) 66 (97.1) 38 (47.5) 42 (52.5) <0.001 

Ceftazidime (30 µg) 4 (5.9) 64 (94.1) 56 (70.0) 24 (30.0) <0.001 

Cefotaxime (30 µg) 2 (2.9) 66 (97.1) 55 (68.7) 25 (31.3) <0.001 

Ceftriaxone (30 µg) 3 (4.4) 65 (95.6) 53 (66.2) 27 (33.8) <0.001 

Piperacillin-tazobactam (100/10 µg) 36 (52.9) 32 (47.1) 64 (80.0) 16 (20.0) <0.001 

Ciprofloxacin (5 µg) 14 (20.6) 54 (79.4) 37 (46.3) 43 (53.7) 0.002 

Amikacin (30 µg) 62 (91.2) 6 (8.8) 71 (88.7) 9 (11.3) 0.590 

Nitrofurantoin (300 µg) 46 (67.6) 22 (32.4) 67 (83.7) 13 (16.3) 0.021 

Imipenem (10 µg) 67 (98.5) 1 (1.5) 78 (97.5) 2 (2.5) 0.650 

 

DISCUSSION 

The present study investigated the prevalence of ESBL-

producing uropathogens among patients with UTI at a 

tertiary care hospital in South India. A culture positivity rate 

of 43.7% was observed, which is consistent with rates 

reported from other tertiary care institutions in South India 

and comparable settings across the country.[8,13] Female 

patients constituted the majority of culture-positive cases 

(68.2%), reflecting the well-established anatomical 

susceptibility of women to ascending urinary infections due 

to a shorter urethra and proximity to the perineum.[14] The 

highest disease burden was observed in the 21–40 year age 

group, consistent with findings from similar Indian studies, 

likely attributable to greater health-seeking behavior and 

higher sexual activity in this demographic.[13,14] 

Escherichia coli was the predominant uropathogen (57.1%), 

followed by Klebsiella pneumoniae (21.4%), a 

bacteriological profile consistent with reports from multiple 

Indian tertiary care centers.[10,14] The overall ESBL 

prevalence of 45.9% among Gram-negative isolates in the 

present study is comparable to rates reported from Vellore, South 

India (46%),[8] and central India (41.6%),[10] and falls within the 

broader range of 13–65% reported across different regions of 

India.[7,11] The higher ESBL prevalence in inpatient samples 

(54.3%) compared to outpatient samples (36.8%) underscores the 

role of nosocomial transmission, prolonged antibiotic exposure, 

and invasive procedures in selecting for resistant organisms in 

hospitalized patients.[9,16] 

Among ESBL producers, K. pneumoniae demonstrated a higher 

ESBL rate (52.8%) compared to E. coli (44.8%), which is 

consistent with the intrinsic genomic plasticity and resistance 

gene acquisition capacity of K. pneumoniae reported in Indian 

surveillance studies.[7,11] The near-universal resistance of ESBL 

producers to third-generation cephalosporins and high 

fluoroquinolone resistance (79.4%) renders these agents 

unreliable as empiric therapy in settings with high ESBL 

prevalence, a concern echoed by national and global 

antimicrobial stewardship guidelines.[2,3] 

Piperacillin-tazobactam susceptibility was preserved in only 
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52.9% of ESBL producers, highlighting the unreliability of 

beta-lactam/beta-lactamase inhibitor combinations as 

definitive therapy for severe ESBL-UTIs. In contrast, 

amikacin retained excellent activity (91.2%) in ESBL 

producers, with no statistically significant difference 

compared to non-ESBL producers (p=0.590), establishing it 

as a dependable parenteral option.[15] Imipenem 

demonstrated near-complete activity (98.5%) against ESBL 

producers, confirming carbapenems as the treatment of 

choice for severe or complicated ESBL-UTIs. Importantly, 

the absence of carbapenem-resistant isolates in this study is 

an encouraging finding, though continuous surveillance 

remains essential given the emergence of carbapenem 

resistance across India.[7,11] Nitrofurantoin retained activity 

in 67.6% of ESBL producers, supporting its role in 

uncomplicated lower UTIs caused by susceptible ESBL-

producing E. coli and thereby offering a carbapenem-sparing 

oral option.[8,15] 

Regarding risk factors, prior antibiotic use and previous 

hospitalization were identified as independent predictors of 

ESBL-producing UTI on multivariate analysis, consistent 

with international reports.[16] Diabetes mellitus, recurrent 

UTI, and urinary catheterization were also significantly 

associated on univariate analysis, reinforcing the 

multifactorial nature of ESBL acquisition.[16] These findings 

collectively emphasize the critical need for routine ESBL 

screening, culture-guided antibiotic therapy, and 

implementation of robust antibiotic stewardship programs at 

institutional level to curtail the further spread of ESBL-

producing uropathogens in South India. 

 

CONCLUSION 

The present study reports a high prevalence of ESBL-

producing uropathogens (45.9%) in UTI patients at a South 

Indian tertiary care hospital, with Escherichia coli as the 

predominant organism. Resistance to third-generation 

cephalosporins and fluoroquinolones was alarmingly high, 

while amikacin, carbapenems, and nitrofurantoin retained 

reliable activity. Prior antibiotic use and previous 

hospitalization were identified as significant independent 

risk factors for ESBL acquisition. These findings highlight 

the urgent need for routine ESBL screening, culture-guided 

therapy, and implementation of effective antibiotic 

stewardship programs. Continuous local surveillance and 

region-specific antibiotic policies are essential to contain the 

spread of ESBL-producing uropathogens and preserve last-

resort antibiotics. 
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