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Abstract

Background: Urinary tract infections (UTIs) remain one of the most common bacterial infections, and their
effective management is increasingly challenged by rising antimicrobial resistance (AMR), particularly in
low- and middle-income countries where routine surveillance is limited. Local data on uropathogen
distribution and resistance patterns are essential to guide empirical therapy. Objective: This study aimed to
identify the bacterial etiology of community-acquired UTIs and to assess antimicrobial susceptibility
patterns among patients attending a diagnostic laboratory in Pabna Sadar, Bangladesh. Methodology: A
one year and six-month retrospective laboratory-based study was conducted, analyzing 80 consecutive,
non-duplicate bacterial isolates recovered from clinically significant urine samples. Bacterial identification
was performed using standard microbiological techniques, including colony morphology, Gram staining,
and biochemical tests. Antimicrobial susceptibility testing was carried out using the Kirby-Bauer disk
diffusion method on Mueller-Hinton agar in accordance with Clinical and Laboratory Standards Institute
(CLSI) guidelines, using 16 commonly prescribed antibiotics. Data were analyzed using descriptive
statistics and chi-square tests where applicable. Results: Of the 80 participants, 64 (80.0%) were female
and 16 (20.0%) were male, with a significant difference in gender distribution (y*>=28.8, df =1, p <0.001).
The mean age was 35.5 £ 21.5 years. Acinetobacter spp. (30%) and Escherichia coli (30%) were the most
frequently isolated uropathogens, followed by Enterobacter spp. (17.5%), Klebsiella spp. (8.8%),
Staphylococcus spp. (7.5%), and Pseudomonas spp. (6.3%). Overall susceptibility was highest to amikacin
(67.5%), gentamicin (60.0%), and nitrofurantoin (60.0%). Susceptibility to levofloxacin and ciprofloxacin
was 51.2% and 48.8%, respectively. The lowest susceptibility was observed for amoxicillin (10.0%),
ceftazidime (21.2%), and cefotaxime (25.0%). Marked species-specific differences in susceptibility were
also observed, with Pseudomonas spp. showing complete susceptibility to gentamicin but complete
resistance to ceftriaxone and cefotaxime. Conclusion: The study demonstrates a high burden of
antimicrobial resistance among uropathogens causing community-acquired UTIs in this regional setting.
The findings highlight the need for regular local AMR surveillance and rational antibiotic prescribing to
support effective empirical treatment and antimicrobial stewardship. /Bangladesh Journal of Infectious
Diseases, June 2026, 13(1):293-299]
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Introduction

Urinary tract infections represent one of the most
prevalent bacterial diseases worldwide, imposing
significant burdens in terms of morbidity,
antimicrobial usage, and healthcare expenditure'”.
They affect individuals across all age groups, but
women and the elderly are disproportionately
impacted due to anatomical and physiological
factors’. Empirical antibiotic therapy remains the
cornerstone of UTI management; nevertheless, the
escalating incidence of antimicrobial resistance
among uropathogens has markedly compromised
the effectiveness of several first-line agents®.
Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii, and Enterobacter spp. are
the predominant uropathogens responsible for UTIs
in both community and hospital settings®®.
Increasingly, these bacteria demonstrate multidrug
resistance, extended-spectrum B-lactamase activity,
and carbapenem resistance, thereby restricting
therapeutic options. Such resistance patterns
contribute to treatment failure, prolonged
hospitalization, and elevated healthcare
expenditures®’.  Resistance  patterns among
uropathogens  vary widely depending on
geographical location, prescribing practices, and
infection control measures. For this reason,
continuous local surveillance is vital to provide
evidence-based guidance for empirical therapy and
to inform antimicrobial stewardship strategies’. In
Bangladesh, irrational use of antibiotics, lack of
strict  regulatory  control, and inadequate
stewardship programs have contributed to a rising
burden of MDR pathogens®*’. Several institutional
studies have documented this challenge. According
to Bhowmick et al', Escherichia coli was identified
as the leading uropathogen in Jamalpur, exhibiting
marked  resistance  to  ceftriaxone  and
chloramphenicol while retaining susceptibility to
meropenem and netilmicin". Similarly, in Tangail,
Escherichia coli accounted for more than 80.0% of
isolates, with excellent sensitivity to meropenem
(98.25%) but poor susceptibility to oral agents such
as cefixime, cefuroxime, and trimethoprim®"'2
Evidence from Sirajganj Sadar revealed widespread
multidrug  resistance  among  uropathogens,
particularly  Escherichia coli and Klebsiella
pneumoniae, highlighting the critical role of regular

antimicrobial susceptibility testing in guiding
empirical treatment®.
Despite these findings, information on the

distribution of uropathogens and their antimicrobial
resistance patterns in Pabna Sadar is limited. To
address this gap, the present study aimed to identify
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the bacterial etiologies of community-acquired
UTIs and to evaluate their antimicrobial
susceptibility profiles in a clinical laboratory
setting. The findings are expected to provide locally
relevant evidence to support rational antibiotic
prescribing  and  strengthen  antimicrobial
stewardship initiatives in the region.

Methodology

Study Design and Setting: A retrospective,
laboratory-based study was conducted over an
18-month period from July 2023 to December 2024
at the Department of Microbiology, Khwaja Yunus
Ali University, Sirajganj, Bangladesh. Ethical
approval was obtained from the Institutional
Review Board of Khwaja Yunus Ali University
(Ref.: KYAU/DEAN/SBS/2023/012). A total of 80
consecutive, non-duplicate bacterial isolates were
recovered from clinically significant urine samples.
The urine specimens were collected from patients
attending Pacific Diagnostic Centre and Specialized
Hospital, Pabna, Bangladesh. All samples were
aseptically transported to the Microbiology
Laboratory of Khwaja Yunus Ali University under
cold-chain conditions (2 to 8°C) and processed
without delay. Community-acquired urinary tract
infection was defined as infection diagnosed in
outpatient settings or within 48 hours of hospital
admission, with no documented hospitalization in
the preceding three months.

Bacterial Isolation and Identification: Urine
samples were processed according to standard
microbiological procedures. Specimens were
cultured on appropriate media, and bacterial isolates
were identified based on colony morphology, Gram
staining  characteristics, and  conventional
biochemical tests. These included catalase, oxidase,
indole, citrate utilization, urease activity, and triple
sugar iron (TSI) agar reactions, as appropriate for
organism differentiation.

Antibiotic  Susceptibility  Testing (AST):
Antimicrobial susceptibility testing was performed
using the Kirby-Bauer disk diffusion method on
Mueller-Hinton agar, in accordance with Clinical
and Laboratory Standards Institute (CLSI)
guidelines. The following antimicrobial agents were
tested using standard disc concentrations: amikacin
(30 pg), nalidixic acid (30 pg), nitrofurantoin (300
pg), amoxicillin (10 pg), cephradine (30 pg),
ceftriaxone (30 pg), ciprofloxacin (5 pg),
cefuroxime (30 pg), ceftazidime (30 pg),
mecillinam (10 pg), gentamicin (10 pg), cefotaxime
(30 pg), levofloxacin (5 pg), azithromycin (15 pg),
doxycycline (30 pg), and cotrimoxazole (25 ug).
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Zone diameters were measured and interpreted as
susceptible, intermediate, or resistant according to
CLSI interpretive criteria.

Data Analysis: Data were entered and analyzed
using R software (version 4.5.1) and RStudio
(version 2025.05.1+513). Descriptive statistics,
including frequencies, percentages, means, and
standard deviations, were used to summarize
demographic and microbiological characteristics.
Associations between categorical variables, such as
bacterial species distribution and gender, were
assessed using the chi-square test. A p-value of
<0.05 was considered statistically significant.

Results

Demographic Characteristics: The study included
80 participants, of whom 64 were female (80.0%)
and 16 male (20.0%). A statistically significant
difference in gender distribution was observed (¥* =
28.8, df = 1, p < 0.001), with females being
markedly overrepresented compared to males
(Figure I). This indicates that the study population
was not gender-balanced (Figure I).

The mean age of participants was 35.5 £ 21.5 years
(range: 1-90 years). Females (n = 64) had a mean
age of 33.5 £ 19.0 years, whereas males (n = 16)
averaged 43.6 + 28.9 years. Age distribution was
non normal among females (Shapiro-Wilk, p <
0.001) but normal among males (p = 0.339).
Welch’s two sample t test showed no significant
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Figure 1I: Gender composition of study
participants (N = 80). Bars represent participant
counts with corresponding percentages. Statistical
significance is indicated by asterisks (*) based on the
Chi square goodness-of-fit test (p < 0.001).

difference between sexes (t =-1.33, df = 18.36, p =
0.20), indicating that although males tended to be
older, the difference was not statistically significant
(Figure II).

Distribution of Bacterial Isolates: A total of six
major bacterial groups were identified among the 80
uropathogenic isolates. The most prevalent
pathogens were Acinetobacter spp. and E. coli, each
representing 30% (n=24; 95% CI: 20.5 to 41.4%) of
all isolates. Enterobacter spp. ranked third with
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Figure II: Age profile of study participants. (A) Distribution of participants across predefined age groups.
Bars represent the number of participants, and values inside the bars indicate counts with corresponding
percentages. (B) Age distribution stratified by sex. Violin plots display the overall distribution, with boxplots
representing medians and interquartile ranges. Individual points indicate jittered raw data. Red dots represent
the mean age. Statistical comparison between sexes was performed using Welch's two-samples t-test, with

significance levels indicated by p-value (p > 0.05).
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17.5% (n=14; 95.0% CI: 10.2 to 28.0%), while
Klebsiella spp. accounted for 8.8% (n=7; 95.0% CI:
3.9-17.7%). Less frequent isolates included
Staphylococcus spp. (7.5%, n=6; 95.0% CI: 3.1 to
16.2%) and Pseudomonas spp. (6.3%, n=5; 95.0%
CI: 2.3 to 14.6%). The nearly equal proportion of
Acinetobacter spp. and E. coli highlights their role
as the dominant uropathogens in this study
population (Figure III).
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Figure III: Distribution of bacterial isolates with
95.0% confidence intervals. Forest plot shows the
relative frequency of the major bacterial isolates
recovered from clinical samples (N = 80). Green
points represent the observed counts with
percentages of each isolate, and red horizontal error
bars denote the corresponding 95.0% confidence
intervals (CI).

Antibiotic Response Patterns of Uropathogens:
The overall antimicrobial susceptibility profile of
the uropathogenic isolates (n = 80) demonstrated
substantial variability across the tested antibiotics
(Figure IV). Among the aminoglycosides, amikacin
exhibited the highest activity, with 67.5% of isolates
classified as sensitive, while 16.2% were resistant
and 16.2% showed intermediate susceptibility.
Gentamicin also showed good efficacy, with 60.0%
sensitivity and 32.5% resistance. Fluoroquinolones
demonstrated moderate effectiveness. Levofloxacin
showed 51.2% sensitivity, 38.8% resistance, and
10.0% intermediate  susceptibility, — whereas
ciprofloxacin exhibited 48.8% sensitivity and
31.2% resistance. Nalidixic acid showed poor
performance, with only 35.0% of isolates sensitive
and a high resistance rate of 56.2%. Nitrofurantoin
retained relatively good activity, with 60.0% of
isolates sensitive, 22.5% resistant, and 17.5%
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showing intermediate susceptibility. In contrast,
cephalosporins were largely ineffective. Sensitivity
rates were low for cefotaxime (25.0%), ceftriaxone
(33.8%), ceftazidime (21.2%), cefuroxime (32.5%),
and cephradine (33.8%), with corresponding
resistance rates ranging from 57.5% to 71.2%.
Other antibiotics demonstrated variable activity.
Mecillinam showed 40.0% sensitivity and 48.8%
resistance, while cotrimoxazole exhibited 48.8%
sensitivity. Doxycycline was tested against a limited
number of isolates (n = 6) and showed equal
proportions of sensitivity and resistance (50.0%
each). Amoxicillin was the least effective antibiotic,
with only 10.0% of isolates sensitive and a high
resistance rate of 81.2% (Figure IV).
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Figure IV: Antibiotic susceptibility profile of the
isolated bacteria. Bar chart represents the proportions
of bacterial isolates that were sensitive (green),
resistant (red), or intermediate (yellow) to each tested
antibiotic. Percentages within the bars represent the
relative frequency of each susceptibility category.
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Ranking by efficacy revealed the top 5 most
effective antibiotics were amikacin (67.5%),
gentamicin  (60.0%), nitrofurantoin  (60.0%),
levofloxacin (51.2%), and ciprofloxacin (48.8%),
while the bottom 5 least effective included
amoxicillin ~ (10.0%), ceftazidime (21.3%),
cefotaxime (25.0%), cefuroxime (32.5%), and
ceftriaxone (33.8%) (Figure V).

These results indicate that aminoglycosides and
nitrofurantoin remain the most effective options,
whereas beta-lactams, particularly penicillins and
cephalosporins, show widespread resistance,
emphasizing the importance of informed empirical
therapy in urinary tract infections.

Comparative Analysis of Sensitivity Pattern with
Bacterial Isolate: We performed a comparative
analysis of the commonly used antibiotics with the
isolated bacterial isolates, and the results showed
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Figure V: The top 5 and bottom 5 antibiotics
based on the susceptibility of bacterial isolates.
Bar plots showing the antibiotics with the highest
(green bars) and lowest (red bars) proportions of
susceptible isolates. Bars represent the percentage of
isolates susceptible to each antibiotic, with values
shown inside the bars. Antibiotics are ranked in
descending order of susceptibility within each group.

that Acinetobacter species and Escherichia coli
were highly sensitive to Amikacin (83.3% and
62.5%, respectively), while Pseudomonas species
exhibited complete sensitivity to Gentamicin
(100.0%). Enterobacter species showed the highest
sensitivity to Levofloxacin (71.4%), highlighting
species-specific differences in fluoroquinolone
activity. Conversely, Klebsiella species and
Staphylococcus species displayed low sensitivity
overall, particularly to gentamicin (14.3%) and
levofloxacin  (16.7%),  respectively.  Third-
generation cephalosporins were largely ineffective
against Pseudomonas species, showing complete
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Figure VI: Comparative sensitivity profile of the
top seven sensitive antibiotics to isolated bacterial
genera. Heatmap shows the percentage of isolates
sensitive to selected antibiotics across six bacterial
genera. The color gradient ranges from red (low
sensitivity) through yellow (intermediate) to green
(high sensitivity). Percentages are displayed within
each cell for clarity.
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resistance to ceftriaxone and cefotaxime, and
Klebsiella species were also entirely resistant to
cefotaxime. Cotrimoxazole exhibited moderate
activity across isolates, with sensitivity ranging
from 20.0% in Pseudomonas species to 58.3% in
Acinetobacter species. These results highlight
marked variability in antibiotic efficacy among
different uropathogens, emphasizing the need for
species-specific antimicrobial selection in urinary
tract infections to optimize treatment outcomes
(Figure VI).

Heatmap showing the percentage of isolates
sensitive to selected antibiotics across six bacterial
genera. The color gradient ranges from red (low
sensitivity) through yellow (intermediate) to green
(high sensitivity). Percentages are displayed within
each cell for clarity.

Discussion

This study evaluated the demographic distribution
and antibiotic susceptibility of 80 uropathogenic
isolates in a clinical setting in Pabna, Bangladesh.
The age distribution revealed a predominance of
young adults, with the largest groups aged 20 to 30
years (28.8%) and under 20 years (26.3%).
Middle-aged (31 to 50 years) and older adults (>60
years) constituted smaller proportions, reflecting a
diverse population at risk of urinary tract infections
(UTIs). The mean age was 35.5 £ 21.5 years,
indicating a relatively young cohort, emphasizing
age-related susceptibility. This distribution reflects
the higher incidence of UTIs among sexually active
young individuals and the continuing susceptibility of
older adults due to comorbidities and age-related
immune decline®”".

Gender-wise analysis showed females were more
frequently affected, consistent with the higher
susceptibility of women to UTIs due to anatomical
and hormonal factors'?. This aligns with previous
reports in Bangladesh and globally, highlighting
higher UTI incidence among sexually active young
women*", Studies from Bangladesh, including those
by Bhowmick et all0 and Abedin et al", similarly
identified Escherichia coli as the leading urinary
pathogen in female patients across Jamalpur, Tangail,
and Sirajganj. Overall, the demographic distribution
emphasizes the burden of UTIs across age groups,
with women and younger adults most affected, while
also highlighting the vulnerability of elderly
populations. These findings reinforce the need for
age- and gender-specific approaches to empirical
therapy and antimicrobial stewardship in
Bangladesh*®. The data suggest that both preventive
measures and tailored empirical therapy should
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consider age-specific risk factors to optimize patient
outcomes.

Acinetobacter species and Escherichia coli were the
most frequently isolated pathogens, each comprising
30.0% of cases, followed by Enterobacter species
(17.5%), Klebsiella species (8.8%), Staphylococcus
species (7.5%), and Pseudomonas species (6.3%).
These findings highlight the predominance of
Gram-negative bacilli in UTIs, with Escherichia coli
remaining the leading uropathogen. Although less
common, other Gram-negative and Gram-positive
isolates are clinically relevant due to their multidrug
resistance potential. The observed distribution is
consistent with previous reports from Bangladesh,
where E. coli is persistently identified as the primary
etiological agent, while the high prevalence of
Acinetobacter species is noteworthy and suggests an
increasing contribution of opportunistic and
potentially nosocomial pathogens in urinary tract
infections™'®.  This  heterogeneous  pathogen
distribution highlights the importance of continuous
local surveillance to inform empirical therapy.
Antimicrobial susceptibility testing demonstrated
considerable variation in resistance patterns.
Aminoglycosides, particularly amikacin and
gentamicin, showed the highest overall activity,
consistent with reports indicating preserved efficacy
due to relatively restricted use. Nitrofurantoin also
retained moderate effectiveness, supporting its
continued role in the treatment of uncomplicated
UTIs. Fluoroquinolones demonstrated only moderate
sensitivity, reflecting growing resistance likely driven
by widespread empirical use. In contrast, p-lactam
antibiotics, including penicillins and cephalosporins,
exhibited high resistance rates across multiple
species. Resistance to third-generation cephalosporins
was particularly pronounced, especially among
Pseudomonas ~ species, raising concern for
extended-spectrum B-lactamase-producing organisms.
Species-specific variations further emphasized the
complexity of empirical treatment, with Acinetobacter
species and Pseudomonas species showing higher
susceptibility to amikacin, while reduced sensitivity
to gentamicin, ceftriaxone, and levofloxacin was
observed among  Klebsiella  species  and
Staphylococcus species.

Overall, these findings highlight the necessity of
empiric therapy guided by local resistance patterns
and reinforce the critical role of antimicrobial
stewardship in  limiting the spread of
multidrug-resistant uropathogens. Aminoglycosides
and nitrofurantoin may remain appropriate empiric
options in this setting, whereas penicillins and
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cephalosporins should be prescribed cautiously.
Continued surveillance and rational antibiotic use are
essential to preserve the effectiveness of existing
therapies and to improve clinical outcomes in patients
with urinary tract infections.

Conclusion

This study presents the demographic profile, bacterial
etiology, and antimicrobial resistance patterns of
uropathogens in Pabna, Bangladesh. Acinetobacter
spp. and Escherichia coli were the most prevalent
isolates. Aminoglycosides, particularly amikacin and
gentamicin and nitrofurantoin showed the highest
effectiveness, whereas penicillins and cephalosporins
exhibited markedly high resistance rates. These
findings caution against empirical use of beta-lactams
and emphasize the importance of region-specific
susceptibility data. Despite limitations including
single-center design and lack of molecular analysis,
the study emphasizes the wurgent need for
antimicrobial stewardship and rational antibiotic use
to improve UTI management.
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