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Background: Urinary tract infection is a common pediatric bacterial infection associated with significant morbidity
and increasing antimicrobial resistance, particularly in low- and middle-income countries. Updated local data
regarding microbiological patterns and antibiotic susceptibility in children with UTI remain limited in Bangladesh.
Methods: This cross-sectional study was conducted in the Department of Pediatric Nephrology, Bangladesh
Medical University, from August 2023 to January 2026. Among 242 children aged <18 years with symptoms
suggestive of UTI, 188 fulfilled criteria for presumptive UTl based on pyuria and/or positive dipstick findings.
Urine culture and antibiotic susceptibility testing were performed for all presumptive cases. Children with
asymptomatic bacteriuria, recent antibiotic exposure, prophylactic antibiotics, or contaminated cultures were
excluded. Confirmed UTl was defined by significant growth of a single organism in urine culture. Demographic,
clinical, microbiological, and antimicrobial susceptibility data were analyzed using SPSS version 26.0.

Results: Culture-positive UTlI was identified in 78 children (41.5%). Females predominated (55.9%), and most
patients were below five years of age. Fever (67.0%) and dysuria (39.4%) were the most common presenting
symptoms. Associated renal disease was present in 60.1% of cases, most commonly nephrotic syndrome and
hydronephrosis. Klebsiella species (38.5%) were the predominant uropathogens, followed by Escherichia coli
(21.8%). Gram-negative isolates demonstrated high susceptibility to carbapenems, aminoglycosides,
nitrofurantoin, and colistin, while resistance to commonly used antibiotics was substantial. Female sex, uncircumcised
male infants, high-grade fever, and associated kidney disease were independent predictors of culture-positive
UTI.

Conclusion: Pediatric UTIs in this tertiary nephrology setting were frequently associated with underlying renal
abnormalities and multidrug-resistant non—E. coli organisms. Early urine culture, culture-guided therapy, and
strengthened antimicrobial stewardship are essential to improve outcomes and limit antimicrobial resistance.
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Introduction

Urinary tract infection (UTI) is one of the most common bacterial infections among children and remains an important cause
of morbidity in both community and hospital settings. Pediatric UTls account for approximately 1-3% of pediatric
outpatient visits and a substantial proportion of pediatric hospitalizations worldwide '. Delayed diagnosis and
inadequate treatment may result in serious long-term complications, including renal scarring, hypertension, proteinuria,
and chronic kidney disease. The clinical manifestations of UTI in children are often nonspecific, particularly in infants and

younger children, making early diagnosis difficult and increasing the risk of adverse renal outcomes.

The epidemiology and microbiological profile of pediatric UTl vary according to age, sex, circumcision status, nutritional
status, prior antibiotic exposure, and the presence of congenital anomalies of the kidney and urinary tract (CAKUT).
Although Escherichia coli remains the predominant pathogen responsible for most uncomplicated UTls, recent studies have
reported an increasing prevalence of non—E. coli organisms such as Klebsiella pneumoniae, Enterococcus species, and
Pseudomonas aeruginosa, particularly among hospitalized children and those with underlying urinary tract abnormalities
2, These changing microbiological patterns have important implications for empirical antibiotic therapy and clinical

outcomes.

Antimicrobial resistance (AMR) among uropathogens has become a major global public health concern, especially in low-
and middle-income countries (LMICs). Recent studies from Bangladesh and other resource-limited settings have
demonstrated increasing resistance to commonly prescribed antibiotics, including ampicillin, cotrimoxazole,
cephalosporins, and fluoroquinolones 23 . The emergence of multidrug-resistant organisms complicates empirical
treatment, prolongs hospital stay, increases healthcare costs, and contributes to treatment failure. Factors such as irrational
antibiotic use, over-the-counter access to antimicrobials, self-medication, delayed healthcare seeking, and limited

microbiological diagnostic facilities further aggravate the burden of AMR in LMIC settings.

Despite the significant burden of pediatric UTI in Bangladesh, updated and comprehensive local data remain scarce.
Most previous studies were conducted in single centers with relatively small sample sizes and mainly focused on
bacteriological findings without a detailed assessment of associated renal abnormalities, clinical characteristics, risk
factors, and current antimicrobial susceptibility patterns. In addition, evolving microbial trends and resistance profiles in
tertiary care hospitals have not been adequately documented in recent years. This important research gap limits
evidence-based empirical antibiotic selection and hampers the development of effective antimicrobial stewardship

strategies in pediatric populations.

Therefore, this study was undertaken to evaluate the clinical characteristics, associated renal abnormalities,
microbiological profile, culture positivity, and antimicrobial susceptibility patterns of pediatric urinary tract infections in
a tertiary care hospital in Bangladesh. The findings of this study may provide updated local evidence to guide clinicians
in the diagnosis and management of pediatric UTI and contribute to improved antimicrobial stewardship practices in low-

and middle-income country settings.

Methods

This cross-sectional study was conducted in the Department of Pediatric Nephrology at Bangladesh Medical University

between August 2023 and January 2026. During the study period, a total of 2190 children attended the inpatient and
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outpatient services of the department. Among them, 242 children younger than 18 years who presented with symptoms
suggestive of urinary tract infection (UTI) were evaluated. Symptoms suggestive of UTl included fever without an apparent
source, dysuriq, increased frequency or urgency of micturition, abdominal pain, flank pain, foul-smelling urine, hematuriq,
vomiting, poor feeding, irritability, anorexia, and failure to thrive. In neonates and young infants, the clinical presentation

was often nonspecific and occasionally resembled sepsis.

All suspected cases underwent routine dipstick examination, urine examination or microscopic analysis. Children with
pyuria or dipstick positive for leukocyte esterase and/or nitrite were categorized as presumptive UTI cases (n=188).
Relevant demographic and clinical information, including age, sex, presenting complaints, associated risk factors, previous
history of UTI, and known urinary tract abnormalities, were recorded using a predesigned case record form. Treatment

started according to institutional protocol after sending culture and sensitivity.

All presumptive cases subsequently underwent urine culture and antibiotic susceptibility testing. Significant bacteriuria
was defined as the growth of a single pathogenic organism in culture. Children were excluded if asymptomatic
bacteriuria, ongoing prophylactic antibiotic therapy, received antibiotics within seven days before urine sample collection,
and urine cultures showing mixed growth of two or more organisms suggestive of contamination. Glomerulonephritis cases
presented with pyuria were included if culture-positive. Finally, 78 children with culture-positive urine samples showing

significant growth of a single organism were enrolled as confirmed UTI cases for analysis.

Urine sample collection and microbiological analysis

Urine samples were collected based on patients' age and clinical condition. In infants and younger children, urine
specimens were collected using sterile urine collection bags or clean wide-mouthed sterile containers supplied by the
laboratory. Catheterized urine samples were obtained from critically ill hospitalized children whenever indicated. Older
children and adolescents were instructed to collect midstream clean-catch urine samples after proper cleansing of the
external genitalia and perineal region. All collected urine specimens were transported promptly to the microbiology

laboratory and processed as early as possible after collection to minimize contamination and bacterial overgrowth.

Urine specimens were subjected to routine microscopic examination followed by bacteriological culture and antibiotic
susceptibility testing. For culture, urine samples were inoculated onto standard culture media using a calibrated wire loop
technique and incubated under appropriate laboratory conditions. Bacterial isolates were identified by colony
morphology, Gram staining characteristics, and standard biochemical tests. Antibiotic susceptibility testing was performed
by the Kirby—Bauer disc diffusion method according to standard laboratory protocol. The results of urine microscopy,

bacterial isolates, and antimicrobial sensitivity patterns were retrieved from microbiology laboratory records.

Definition of terms

UTI suspect: Children presenting with signs and symptoms suggestive of urinary tract infection, such as fever, dysuria,

increased frequency of micturition, abdominal pain, foul-smelling urine, vomiting, poor feeding, or irritability.

Pyuria- Pyuria was defined as the presence of >5 white blood cells per high-power field on urine microscopy. Significant

bacteria - Significant bacteriuria was defined as growth of >10° colony-forming units (CFU)/mL of a single uropathogen
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in clean-catch urine specimens, >5x10* CFU/mL in catheterized specimens with supportive urinalysis findings, and any
bacterial growth in specimens obtained by suprapubic aspiration. Presumptive UTI: Presence of pyuria on urine

microscopy in a clinically suspected case of UTI.

Confirmed UTI: Confirmed UTI was defined as the presence of pyuria together with positive urine culture demonstrating
significant bacteriuria according to the American Academy of Pediatrics 2011 UTI guidelines “.
Recurrent UTI: Occurrence of two or more documented episodes of urinary tract infection within six months or at least

three episodes within last one year.

Statistical analysis

Collected data were entered and analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics
were used to summarize demographic characteristics, clinical features, associated risk factors, distribution of
uropathogens, and antimicrobial susceptibility patterns, with categorical variables expressed as frequencies and
percentages. The Chi-square test was applied to assess associations between selected risk factors and culture positivity.
A p-value of <0.05 was considered statistically significant. Antimicrobial susceptibility patterns of common uropathogens
were visually represented using a heatmap depicting percentage susceptibility across tested antibiotics. ChatGPT
(OpenAl, San Francisco, CA, USA) was used between September 2025 and December 2025 for preparing the

antimicrobial susceptibility heatmap and language correction.

Approval for the study was obtained from the institutional ethics committee (IRB approval BMU/2023/129). Patient

confidentiality was maintained throughout the study by anonymizing all identifiable information.

Ethical Considerations

The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Institutional ethical
approval was obtained from the relevant ethics review committee of Bangladesh Medical University prior to data

collection. Patient confidentiality and anonymity were strictly maintained throughout the study.

Results

DEMOGRAPHY (TABLE 1)

Among the 188 children with presumptive UTI, females were more common than males (55.9% vs. 41.0%). The most
common age group was 1-5 years (30.9%), followed by infants below 1 year (21.3%). Culture-positive UTI was
identified in 41.5% of cases, while 27.7% had recurrent UTI. Fever was the most common presenting symptom (67.0%),

followed by dysuria (39.4%), increased frequency of micturition (32.4%), and abdominal or suprapubic pain (26.1%).
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Table 1. Sociodemographic and Clinical Characteristics of Children with Presumptive UTI (n=188)

Variables Frequency n (%)
Sex

Male 77 (41.0%)
Female 105 (55.9%)
Age group

<1 year 40 (21.3%)

1-5 years 58 (30.9%)
6-10 years 44 (23.4%)
11-15 years 27 (14.4%)

>15 years 13 (6.9%)

Clinical category

Recurrent UTI

52 (27.7%)

Culture-positive UTI

78 (41.5%)

Presenting symptoms™

Fever

126 (67.0%)

Dysuria

74 (39.4%)

Increased frequency of micturition

61 (32.4%)

Abdominal /suprapubic pain

49 (26.1%)

Vomiting 44 (23.4%)
Flank pain 29 (15.4%)
Urgency 27 (14.4%)

Foul-smelling urine

25 (13.3%)

Hematuria

18 (9.6%)

Poor feeding /irritability (infants)

21 (11.2%)

*Multiple symptoms may be present in the same patient; therefore, percentages may exceed 100%.

ASSOCIATED RENAL DISEASE (TABLE 2)

Associated renal disease was present in 60.1% of children with presumptive UTI. The most common associated conditions
were nephrotic syndrome and HDN (16.0% each), followed by PUV (11.2%) and CKD (8.0%), while neurogenic bladder
(3.2%), hypoplastic kidneys (2.1%), glomerulonephritis (2.7%), and single kidney (1.1%) were less frequent.
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Table 2. Associated Renal Disease in Children with Presumptive UTI (n=188)

Kidney Disease n (%)
Nephrotic Syndrome 30 (16.0%)
Glomerulonephritis 5(2.7%)
HDN 30 (16.0%)
PUV 21 (11.2%)
Neurogenic bladder 6 (3.2%)
Hypoplastic kidneys 4 (2.1%)
CKD 15 (8.0%)
Single kidney 2 (1.1%)
Total 113 (60.1%)

ISOLATED MICRO-ORGANISM (TABLE 3)
Among the 78 culture-positive UTI cases, Klebsiella was the most commonly isolated organism (38.5%), followed by
Escherichia coli (21.8%). Pseudomonas, Enterococcus, and Burkholderia each accounted for 11.5% of isolates, while fungal

organisms, including Candida (3.85%) and Aspergillus (1.28%), were identified less frequently.

Table 3- Micro-organisms identified in culture-positive UTI (n = 78)

Organism n (%)
Klebsiella 30 (38.5%)
Escherichia coli 17 (21.8%)
Pseudomonas 9 (11.5%)
Enterococcus 9 (11.5%)
Burkholderia 9 (11.5%)
Aspergillus (fungal) 1(1.28%)
Candida 3 (3.85%)

ANTIBIOTIC SUSCEPTIBILITY (FIGURE 2)

Most bacterial uropathogens showed high susceptibility to carbapenems, colistin, and aminoglycosides. E. coli and
Klebsiella demonstrated good sensitivity to nitrofurantoin (96% and 89%, respectively) and fluoroquinolones, while
susceptibility to third-generation cephalosporins was comparatively lower, particularly among Klebsiella (59%).
Pseudomonas isolates showed high susceptibility to carbapenems (87%), aminoglycosides (100%), fluoroquinolones
(95%), and colistin (100%). Enterococcus isolates were highly sensitive to linezolid (100%), nitrofurantoin (95%), and
ampicillin (80%), but resistant to vancomycin. Burkholderia showed poor susceptibility to most conventional antibiotics
except carbapenems and colistin (100% each). Among fungal isolates, both Candida and Aspergillus were fully

susceptible to voriconazole and amphotericin B, while Candida showed lower susceptibility to fluconazole (67%).
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Figure 1- Study flow diagram
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Antibiotic Susceptibility Heatmap of Pediatric UTI Pathogens
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Figure 2- Antibiotic Susceptibility Heatmap of Culture-Positive UTI Pathogens

RISK FACTOR FOR CULTURE-POSITIVE UTI (TABLE 4 & 5)

Female sex, uncircumcised male infants, fever >38.5°C, and associated kidney disease were significantly more common
among children with culture-positive UTI compared to culture-negative cases (p<0.05). On multivariable logistic regression
analysis, female sex (AOR 2.31, p=0.008), uncircumcised male infants (AOR 3.12, p=0.022), fever >38.5°C (AOR 2.84,
p=0.004), and associated kidney disease (AOR 2.47, p=0.007) were identified as independent predictors of culture-
positive UTI. Age below 5 years, constipation, and urinary catheter use were not statistically significant predictors in the

adjusted analysis.

Table 4. Association of Risk Factors with Culture-Positive and Culture-Negative Urinary Tract Infection

Risk factors Culture-Positive (n=78) (%) | Culture-Negative (n=104) (%) | p-value
Female sex 54 (69.2) 51 (49.0) 0.006
Age <5 years 48 (61.5) 50 (48.1) 0.071
Uncircumcised male infants | 15 (19.2) 7 (6.7) 0.010
Constipation 20 (25.6) 16 (15.4) 0.086
Fever >38.5°C 64 (82.1) 66 (63.5) 0.006
Associated kidney disease | 58 (74.3) 55 (52.9) 0.003
Urinary catheter use 6(7.7) 4 (3.8) 0.260

Chi-square test was done. p value <0.05 was considered statistically significant.
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Table 5. Multivariable Logistic Regression Analysis for Predictors of Culture-Positive UTI among Children with

Presumptive
Variables Adjusted Odds Ratio (AOR) | 95% Confidence Interval (Cl) | p-value
Female sex 2.31 1.24-4.32 0.008
Age <5 years 1.58 0.86-2.92 0.138
Uncircumcised male infants | 3.12 1.18-8.21 0.022
Constipation 1.67 0.79-3.51 0.178
Fever >38.5°C 2.84 1.39-5.79 0.004
Associated kidney disease | 2.47 1.28-4.76 0.007
Urinary catheter use 1.91 0.47-7.81 0.367

(Dependent variable: Culture-positive UTI
Reference category: Culture-negative UTI
Method: Multivariable binary logistic regression analysis)

Variables with p<0.05 were considered statistically significant.

Discussion

This study provides important insights into the clinical and microbiological characteristics of pediatric urinary tract
infections (UTls) in a pediatric nephrology clinic at a tertiary care center in Bangladesh. The findings demonstrate a
growing predominance of non—Escherichia coli uropathogens, accompanied by concerning antimicrobial resistance

patterns, particularly within the pediatric nephrology setting.

In the present study, females constituted the majority of UTI cases (55.9%), which is consistent with the well-established
epidemiology of pediatric UTI 5. Female predominance is generally attributed to anatomical factors, including a shorter
urethra and proximity of the urethral opening to the perineum, facilitating ascending bacterial infection 7. Most children
in this cohort were younger than five years of age, with the highest frequency observed among children aged 1-5 years.
This finding aligns with previous studies demonstrating a bimodal age distribution of pediatric UTls, with an initial peak
during the first year of life and a second peak between two and four years of age, corresponding to the toilet-training
period 8-10, The increased susceptibility in infancy has been attributed to immature host defense mechanisms and a higher
prevalence of congenital anomalies of the kidney and urinary tract (CAKUT), whereas behavioral and hygiene-related
factors during toilet training may contribute to the second peak 11011, Although UTI incidence is higher among
uncircumcised boys during the first year of life, girls become substantially more susceptible after infancy and account for
the majority of cases thereafter 213, Early childhood UTIs are clinically important because recurrent or untreated

infections may predispose to renal scarring and long-term renal complications.

Recurrent UTl was identified in 27.7%o0f patients, which is comparable to previously reported recurrence rates in pediatric
populations 11.74, Previous studies have reported that 30-50% of children with a UTI experience at least one recurrence
during follow-up ¢7 This relatively high recurrence burden likely reflects the large proportion of children with underlying
renal and urinary tract abnormalities in this tertiary care cohort. More than 60% of patients had associated kidney
diseases, among which nephrotic syndrome and hydronephrosis were the most common in our cohort. Children with
nephrotic syndrome are particularly susceptible to infections because of urinary immunoglobulin loss, edema-related

tissue vulnerability, and immunosuppressive therapy é15. Structural abnormalities such as posterior urethral valves,
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neurogenic bladder, and hypoplastic kidneys also increase susceptibility to recurrent UTI through urinary stasis, incomplete

bladder emptying, and vesicoureteral reflux ¢,

The urine culture positivity rate in this study was 41.5%, comparable to findings from another study conducted in
Bangladesh 7. A notable observation was the predominance of Klebsiella species (38.5%) over Escherichia coli (21.8%)
among culture-positive isolates. Although E. coli remains the principal uropathogen in community-acquired pediatric
urinary tract infections worldwide 18, a shift toward non-E. coli Gram-negative organisms has increasingly been reported
in tertiary-care and referral centers, particularly among children with underlying urinary tract abnormalities and frequent

healthcare exposure 2,

The predominance of Klebsiella in the present cohort may be explained by the study setting, which included a high
proportion of children with congenital anomalies of the kidney and urinary tract, recurrent UTls, previous hospitalizations,
and prior antibiotic exposure. These factors are recognized risk factors for colonization and infection with healthcare-
associated uropathogens. Similar trends have been documented in tertiary pediatric centers across South Asia, where

Klebsiella and other hospital-associated Gram-negative organisms account for an increasing proportion of pediatric UTls

2-

The relatively high isolation rates of Pseudomonas aeruginosa (11.5%) and Burkholderia cepacia (11.5%) further support
the influence of healthcare-associated infections in this population. P. aeruginosa is considered an uncommon cause of
pediatric UTI and is more frequently associated with nosocomial infection, urinary catheterization, prior antibiotic
exposure, and structural urinary tract abnormalities. A pediatric study reported that P. aeruginosa accounted for only
6.7% of all UTI episodes, highlighting its relatively infrequent occurrence in the general pediatric population'?. Therefore,
the higher proportion observed in our study likely reflects the complex clinical characteristics and healthcare exposures

of children managed in a tertiary nephrology service.

Although identified in a small number of patients, the isolation of B. cepacia deserves particular attention because it is an
uncommon multidrug-resistant pathogen typically associated with healthcare-related transmission, prolonged
hospitalization, and urinary instrumentation 20. Its presence in our cohort may indicate substantial healthcare exposure
and emphasizes the importance of infection prevention measures, antimicrobial stewardship, and ongoing surveillance of

emerging multidrug-resistant uropathogens in high-risk pediatric populations 29.

Fungal uropathogens, including Candida and Aspergillus, accounted for a small proportion of cases but remain clinically
important. Fungal UTls are usually associated with immunosuppression, prolonged hospitalization, prior broad-spectrum
antibiotic use, and urinary catheterization. Their detection in this cohort emphasizes the need to consider fungal etiologies

in high-risk children who fail to respond to conventional antibacterial therapy.

The antimicrobial susceptibility pattern observed in this study is concerning and highlights the growing burden of
antimicrobial resistance. Gram-negative uropathogens showed high susceptibility to carbapenems, aminoglycosides,
nitrofurantoin, and colistin, whereas resistance to ampicillin and trimethoprim—sulfamethoxazole was substantial. Similar
resistance trends have been reported in recent studies from Bangladesh and other South Asian countries 221-23, The high

prevalence of resistant organisms in our study may reflect the tertiary care setting, where referred patients with severe
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renal disease, recurrent infections, prolonged hospitalization, and prior antibiotic exposure are common. Although
carbapenems and colistin remain highly effective, increasing reliance on these reserve antibiotics risks further emergence
of extensively drug-resistant organisms, underscoring the need for judicious antibiotic use and strengthened antimicrobial

stewardship.

Several factors were significantly associated with culture-positive UTI, including female sex, age below five years,
uncircumcised male infants, fever >38.5°C, and associated kidney disease. On multivariable analysis, female sex,
uncircumcised male infants, high-grade fever, and underlying kidney disease remained independent predictors of culture-
positive UTI. These findings are clinically important, as they may help identify children who require prompt evaluation of

urine and early empirical treatment.

Strengths of the study:

This study has several strengths. It provides updated data from a tertiary pediatric nephrology care referral center in
Bangladesh. It comprehensively evaluates demographic features, associated renal diseases, microbiological profiles,
antimicrobial susceptibility patterns, and risk factors for culture-positive UTI. The inclusion of children with complicated
renal and urinary tract conditions enhances the clinical relevance of the findings in specialized pediatric nephrology

practice.

Limitations:

This was a single-center study conducted in a tertiary pediatric nephrology referral center, where children with complex
renal diseases, recurrent UTls, prolonged hospitalization, and frequent healthcare exposure are more commonly
encountered. Therefore, the findings may not fully represent the overall epidemiology and antimicrobial resistance
patterns of pediatric UTIl in the general community or primary care settings. In addition, the relatively small sample size
of culture-positive cases and the limited number of isolates for some organisms may have affected the precision of
susceptibility estimates. Important risk factors such as vesicoureteral reflux, bladder and bowel dysfunction, hygiene

practices, socioeconomic status, and detailed prior healthcare exposure were also not comprehensively evaluated.

Conclusion

Pediatric urinary tract infections in this tertiary pediatric nephrology setting were commonly associated with underlying
renal abnormalities and showed predominance of non—Escherichia coli pathogens, particularly Klebsiella species, with high
resistance to commonly used antibiotics. Female sex, uncircumcised male infants, high-grade fever, and underlying kidney
disease were independent predictors of culture-positive UTI. Early urine culture, prompt identification of high-risk children,
culture-guided antimicrobial therapy, regular surveillance of resistance patterns, and strengthened antimicrobial

stewardship should be prioritized to improve outcomes and reduce antimicrobial resistance.
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