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ABSTRACT  
Background: Urinary tract infections (UTIs) are among the most prevalent 

bacterial infections, with complicated UTIs (cUTIs) posing significant clinical 

challenges due to their association with underlying genitourinary abnormalities, 

high recurrence rates and increasing antimicrobial resistance. Regional 

variations in uropathogen distribution and antibiotic susceptibility necessitate 

local surveillance to guide effective management. This study aimed to identify 

the underlying causes of cUTI, determine the spectrum of causative organisms, 

and analyse their antibiotic sensitivity and resistance patterns. Materials and 

Methods: This cross-sectional observational study was conducted over one year 

(January 2024-June 2025) at Chikkamagalur Institute of Medical Sciences, 

involving patients clinically suspected of having cUTI. Both in-patients and out-

patients were included. Data were collected through detailed history, clinical 

examination, and relevant investigations. Results: Females constituted 56.67% 

of cases, with a mean age of 56.76 years. Uncontrolled diabetes mellitus 

(58.3%) was the most common predisposing factor, followed by catheter-

associated UTI (CAUTI), benign prostatic hyperplasia (BPH), and urinary stone 

disease. Escherichia coli (60.83%) was the predominant uropathogen, followed 

by Klebsiella (11.67%) and Pseudomonas (10.83%). Enterococci (3.33%) were 

the most frequent Gram-positive isolates. Resistance rates were highest for beta-

lactams and quinolones. Enterobacteriaceae showed the least resistance to 

Nitrofurantoin and Carbapenems. Pseudomonas showed high susceptibility to 

carbapenems. All Gram-positive isolates were sensitive to vancomycin and 

linezolid. Conclusion: cUTIs were more common in females, with diabetes 

mellitus, CAUTI, urinary stones, BPH, and recurrent UTIs being significant risk 

factors. E. coli was the most commonly isolated pathogen, and high rates of 

resistance to commonly used antibiotics such as quinolones and beta-lactams 

were observed. Carbapenems, aminoglycosides, and acid-resistant beta-lactams 

with sulbactam emerged as effective therapeutic options for empirical treatment 

in this setting. 

 
 

 

INTRODUCTION 
 

Urinary tract infections (UTIs) are one of the most 

common bacterial infections, affecting over 150 

million people each year worldwide.[1] A condition in 

which bacteria are established and multiplying within 

the urinary tract and are clinically classified into 

uncomplicated and complicated UTI. A complicated 

UTI is urinary infection occurring in a patient with a 

structural or functional abnormality of the 

genitourinary tract. While UTIs cause severe public 

health problems, they are caused by a wide range of 

organisms, most commonly, Escherichia coli, 

Klebsiella pneumoniae, Proteus mirabilis, 

Enterococcus faecalis and Staphylococcus 

saprophyticus.[2]  

Injudicious use of antibiotics in different countries 

mirrors the global increase in the development of 

resistant strains.[3] Extended-spectrum β-lactamase 

(ESBL) producing bacteria shown resistance to most 

antibiotics such as penicillins, cephalosporins, and 

the monobactam aztreonam, except for the 

carbapenem group, are on a steady rise in the 

population.[4] Higher recurrence rates and increased 

antimicrobial resistance among uropathogens often 

increase the economic burden due to infections.[5] 

The current study was undertaken to investigate the 

causes of the complicated UTI in patients and their 

microbial profile and antibiotic sensitivity. 
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MATERIALS AND METHODS 

 

A cross-sectional observational study was conducted 

in the Department of General Medicine, 

Chikkamagalur Institute of Medical Sciences, 

Chikkamagaluru, India for a year, between month of 

January 2024 to June 2025. All the patients 

presenting to the medicine department with clinically 

showing the criteria for UTI were included in the 

study.  

Prevalence of urinary tract infection of 47% was 

reported in an earlier publication6, the sample size 

was calculated using the formula for prevalence 

studies: P = 47%, q = 100 − 47 = 53%, and absolute 

error (d) = 8%, resulting in a sample size of 155. 

Patients included were aged older than 18 years who 

fulfilled the criteria for cUTI, and the individuals 

were recruited to study as per the ethical committee 

recommendations and obtained informed consent to 

participate in the study. Asymptomatic healthy 

females of reproductive age, menstruating females, 

and patients currently on antibiotic therapy in the past 

two weeks were excluded in this study. Descriptive 

analysis was performed using mean and standard 

deviation for quantitative variables, frequency and 

proportion for categorical variables. Data were also 

represented using charts, graphs, plots, and 

illustrations. 

Quantitative variables were assessed for normality 

using visual inspection of histograms and Q-Q plots, 

as well as statistical tests including the Shapiro–Wilk 

and Kolmogorov–Smirnov tests. Associations 

between explanatory variables and categorical 

outcomes were evaluated using cross-tabulation and 

comparison of percentages. Odds ratios with 95% 

confidence intervals. Statistical significance for the 

distribution of values in two groups was assessed 

using the chi-square test. When the overall sample 

size was less than 20 or if the expected frequency in 

any cell was less than 5, Fisher’s exact test was used. 

A p-value <0.05 was considered statistically 

significant. All statistical analyses were performed 

using IBM SPSS version 22. 

 

RESULTS 

 

Diabetes mellitus is enriched among the risk factors 

contributing to cUTI. 

Patients were enrolled in the study (n=155) based on 

the estimated sample size. All patients who 

demonstrated significant growth on urine culture 

were included for further evaluation. In our study, 

urine specimens which showed a significant growth 

(n= 120) were therefore assessed for underlying risk 

factors and the antibiogram of the isolated pathogens. 

In the patient cohort, 43.3 percent were males (n=52) 

and 56.6 percent were females (n=68). The patient’s 

ages had a distribution range of 18 to 86 years, with 

a mean age of 56.76 (± 13.43) years. [Table 1]  

Our study suggests that Diabetes mellitus is a major 

predisposing factor for cUTI. 58.3% patients who 

presented with the condition were diabetic, including 

both males and females (Table 1 and Figure 1A and 

1B). Among males, BPH (13.3%) and stricture 

urethra (3.3%) were additional important risk factors 

(Figure 1A), with higher incidence in those aged over 

60 years (Table 2). Catheter-associated UTI (CAUTI) 

was identified in 12.5 % of patients, with a slight 

male preponderance (7.5%). Recurrent UTI (R-UTI) 

accounted for 15 % of the cases, showing a slight 

female preponderance (8.33%) (Table 1 and Figure 

1B). Underlying renal dysfunction was observed in 

20 % of the study population. Among the presenting 

complaints, increased urinary frequency and urgency 

were the most common symptoms, followed by fever 

and dysuria. [Figure 1C]  

26.66% (n=32) of patients with complicated UTI had 

no sonological abnormalities. The most common 

ultrasonographic finding was cystitis (27.5%), with 

the majority occurring in females (20.8%). The other 

frequent findings included renal/ureteric calculi 

(15.8%) and BPH (15%). Pyelonephritis was 

observed in 10% of patients, most commonly among 

females (6.66%). Additionally, 15% of patients 

demonstrated nephropathic (medical renal disease) 

changes on ultrasonography. [Figure 1D]  

Members of the Enterobacteriaceae family were the 

predominant pathogens isolated. The Enumeration of 

the isolated and cultured most common organisms/ 

pathogens shows enrichment for Escherichia coli was 

60.83%, followed by Klebsiella 11.67% and 

pseudomonas 10.83% (Figure 2A, Table 3). Among 

the Gram-positive isolates, Enterococcus species 

(3.33%) were the most frequent, followed by 

Staphylococcus aureus and Coagulase-negative 

staphylococci. [Figure 2A, Table 3] 

Diabetic patients with cUTI, E.coli (58.57%) was the 

predominant isolate, followed by Klebsiella 

(15.71%), Pseudomonas (10%) and Proteus (7.14%) 

(Figure 2B Table 4). In cases of CAUTI, the most 

common isolate was E.coli (46.66%) followed by 

klebsiella (26.66%), Pseudomonas (6.67%) and 

Proteus (6.67%). Among patients with BPH, E.coli 

(56.25%). was again the predominant pathogen, 

followed by Klebsiella (18.75%) and Proteus 

(18.75%). Enterococcus species were identified with 

equal frequencies in both groups (Figure 2C, Table 

4). In patients with Urinary stone disease and 

Recurrent UTI, the most common organism isolated 

was E.coli followed by Klebsiella and Pseudomonas. 

[Figure 2D, Table 4]  

We have investigated the sensitivity pattern of these 

cultured organisms, E.coli showed least resistance to 

nitrofurantoin (16.4%) followed by piperacillin-

taobactam (17.8%), meropenem (21.2%) and 

amikacin (21.9%). High resistance rates were 

observed to frequently prescribed agents like 

amoxicillin-clavulinic acid (86.31%), quinolones 

(80.82%), and third-generation cephalosporins (74-

80%), cotrimoxazole (64%) and nalidixic acid 

(73.9%). [Figure 3A] Enterobacteriaceae other than 

E.coli (klebsiella, proteus, citrobacter) exhibited a 

resistance pattern similar to that of E.coli. Maximum 
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resistance was against amoxicillin-clavulinic acid 

followed by third-generation cephalosporins, 

quinilones, cotrimoxazole and nalidixic acid. These 

organisms were most susceptible to carbapenem 

group (22-33%), followed by nitrofurantoin, 

piperacillin-tazobactam, amikacin, and gentamicin. 

(Figure 3B) Pseudomonas species demonstrated the 

highest susceptibility to carbapenems (7.69%), 

followed by gentamicin (15.4%). Highest resistance 

was to amoxicillin-clavulinic acid (92.3%) followed 

by ciprofloxacin and cephalosporins. [Figure 3C] All 

the Gram-positive cocci in the present study were 

fully sensitive to Vancomycin and linezolid. Among 

commonly used antibiotics, the lowest resistance was 

seen against carbapenems, followed by nitrofurantoin 

and aminoglycosides (except for Staphylococcus 

aureus). In contrast, the least effective agents against 

Gram-positive bacteria were amoxicillin-clavulinic 

acid, norfloxacin and nalidixic acid. [Figure 3D] 

 

DISCUSSION 
 

Complicated urinary tract infections (cUTIs) are a 

major cause of bacteraemia and contribute 

significantly to mortality among critically ill patients 

worldwide. The emergence of extended-spectrum β-

lactamase (ESBL)–producing organisms has further 

complicated treatment strategies[REF] 

Understanding the microbial aetiology and antibiotic 

susceptibility patterns of cUTIs is therefore essential 

for guiding empirical therapy. In the current study we 

describe a cross sectional study with investigations 

on the cUTI in individuals, underlying pathogens and 

their diversity in the sensitivity for antibiotics and 

treatment outcomes. 

Our study describes a clinical investigation of the 120 

patients who presented with Urinary tract infections. 

A female predominance consistent with previously 

published studies.[5,7,8] 

 The mean standard deviation for age of participants 

was 56.76 ± 13.43 years, with a female predominance 

noted in individuals older than 40 years. These 

observations concur with an earlier study.[9] Diabetes 

mellitus was the most common predisposing factor 

for cUTI in our study, present in 58.3% of patients (p 

= 0.03). Numerous studies have demonstrated an 

increased risk of UTI among diabetic individuals. 

Studies earlier published has established similar trend 

of Diabetes and UTI.[10-12] 

Benign prostatic hyperplasia (BPH) was identified as 

an underlying risk factor in 13.3% of patients, 

accounting for 30.79% of male cases. The majority 

of affected patients were older than 50 years, with a 

mean age of 67.125 years. BPH prevalence varies 

across studies and cohorts 41.5%(10), 28.57%,[13] and 

7.79%,[12] respectively, and these differences likely 

reflect variation in the proportion of elderly patients 

included. Urinary stone disease was present in 13.3% 

of cases, and catheter-associated UTI (CAUTI) in 

12.5%.[12] 

Increased urinary frequency (67.5%) and urgency 

(60%) were the most common presenting symptoms, 

followed by fever and dysuria. Similar symptom 

profiles were observed in studies,[10,14] where 

frequency (65.26%), urgency (62.10%), and dysuria 

(62.10%) predominated; fever was present in 45.26% 

of patients. Increased urinary frequency and urgency 

were the most common presenting symptoms, 

followed by fever and dysuria. Similar symptom 

profiles were observed in studies previously reported. 

Escherichia coli was the most frequently isolated 

organism, followed by Klebsiella sp. (11.67%) and 

Pseudomonas sp. (10.83%). The earlier studies by 

Eshwarappa and co-workers,[9] and Manikandan and 

co-workers,[15] have reported similar observations. 

Microbial distribution is consistent with studies by E. 

coli, predominating in female patients. The 

predominance was also observed for Klebsiella, 

Pseudomonas, Enterococcus, coagulase-negative 

staphylococci (CoNS), and Staphylococcus aureus. 

(Table 5A) E. coli remains the most common 

organism, accounting for more than 50% of isolates 

in nearly all referenced studies. Its predominance is 

likely due to its natural colonization of the large 

bowel and its fimbriae, which facilitate adhesion to 

the urinary tract mucosa. 

Most of the diabetics with cUTI had E.coli as the 

predominant isolate, followed by Klebsiella, 

Pseudomonas and Proteus. However, slightly 

increased prevalence of Klebsiella was observed in 

diabetic patients compared to non-diabetics, which is 

consistent with the following studies. [Table 5B] In 

CAUTI cases, E. coli was the most common isolate 

(46.66%), followed by Klebsiella (26.66%), 

Pseudomonas (6.67%), and Proteus (6.67%). Similar 

E. Coli predominance has been reported by Nandini 

MS et al,[21] and Wazait HD et al.[22] The higher 

CAUTI prevalence in our study may be attributed to 

biofilm formation and the increasing burden of 

antibiotic-resistant organisms. Among patients with 

BPH, E. coli was again the predominant isolate, 

followed by Klebsiella and Proteus. Comparable 

patterns have been reported in earlier publication,[13] 

and Agbuguj JO.[23] In patients with urinary stone 

disease, E. coli was also the predominant pathogen, 

followed by Klebsiella and Pseudomonas, consistent 

with findings in earlier studies.[24, 25] 

Antibiotic Resistance and Susceptibility Patterns 
In this study, the antimicrobial potency and spectrum 

of selected agents across multiple antimicrobial 

classes were evaluated against common uro-

pathogens. Both Gram-negative bacilli and Gram-

positive cocci demonstrated markedly high resistance 

to β-lactam antibiotics.[26] Among Gram-negative 

isolates, Escherichia coli—the most frequently 

recovered organism—showed the lowest resistance 

to nitrofurantoin , followed by piperacillin–

tazobactam and carbapenems. The highest resistance 

was observed against β-lactams and 

fluoroquinolones. These results align with those 

reports.[10-12] Other Enterobacteriaceae demonstrated 

similar susceptibility trends, showing the greatest 
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sensitivity to carbapenems followed by 

nitrofurantoin, piperacillin–tazobactam, amikacin, 

and gentamicin. Pseudomonas aeruginosa exhibited 

maximum susceptibility to carbapenems and 

gentamicin. These findings correspond with those of 

Javiya and co-workers,[27] except for the higher 

amikacin resistance which observed in current study. 

 All Gram-positive cocci were uniformly sensitive to 

vancomycin and linezolid. Among commonly used 

agents, the lowest resistance was noted to 

carbapenems, followed by nitrofurantoin and 

aminoglycosides (except in Staphylococcus aureus). 

The sensitivity for antibiotics has remained 

unchanged from the earlier report.[28,29]  

Overall, both Gram-negative and Gram-positive 

organisms showed high resistance to β-lactams, 

fluoroquinolones, cotrimoxazole, and nalidixic acid. 

Combination therapy with piperacillin or 

cephalosporins plus sulbactam demonstrated lower 

resistance than monotherapy. Carbapenems emerged 

as the most effective antimicrobial class, followed by 

nitrofurantoin, aminoglycosides, and piperacillin–

tazobactam, suggesting that these agents should be 

prioritized for use in severe or complicated UTIs and 

preserved to slow resistance development. The high 

resistance rates observed may be attributed to 

repeated or prolonged antibiotic exposure, 

geographic variations in microbial ecology, hygiene 

practices, and differences in healthcare delivery. 

Frequent antibiotic use may disrupt periurethral flora, 

facilitating colonization by uropathogens and 

promoting horizontal gene transfer of resistance 

determinants. Given the evolving nature of 

antimicrobial resistance, continuous surveillance and 

routine monitoring are essential to inform region-

specific empirical therapy. Strengthening infection-

control practices remains critical to reducing the 

spread of resistant organisms. 

 

CONCLUSION 
 

This study found that complicated UTIs were more 

prevalent in females with a patient age of 56 years 

and an isolation of causative pathogen in them. The 

major associated risk factors were diabetes mellitus, 

CAUTI, urinary stone disease, benign prostatic 

hyperplasia (BPH), and recurrent UTI. Gram-

negative organisms predominated, with Escherichia 

coli being the most frequently isolated pathogen. 

A high level of resistance to commonly used 

antibiotics, including quinolones and β-lactams, was 

observed. Based on the susceptibility patterns 

identified, carbapenems, aminoglycosides, and β-

lactam/β-lactamase inhibitor combinations (e.g., with 

sulbactam) appear to be the most effective options for 

empirical treatment of complicated UTIs in this 

hospital setting. 
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