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(“Abstract )
Background: Urinary tract infections (UTIs) is one of the leading causes of morbidity and mortality in
cancer patients. The increasing prevalence of multidrug-resistant (MDR) gram-negative bacterial strains as
causative agents of urinary tract infection has emerged as a critical challenge in oncological care.
Bangladesh is experiencing a rapidly escalating antimicrobial resistance (AMR) burden, yet
organism-specific susceptibility data from oncology settings remain critically scarce. Objective: This study
aimed to describe the antimicrobial susceptibility profile of gram-negative uropathogens in cancer patients
at Ahsania Mission Cancer and General Hospital (AMCGH), Dhaka, Bangladesh. Methodology: This was a
retrospective cross-sectional study of urine culture and sensitivity data from UTI cancer patients aged >3
years attending AMCGH between July 2024 and June 2025. Commonest gram negative uropathogen E. coli,
Klebsiella spp. and Pseudomonas spp. positive urine samples were taken as study sample. Antibiotic
susceptibility testing (AST) was performed by Kirby-Bauer disc diffusion, interpreted per CLSI 2024 M100
breakpoints. MDR was defined as resistance to >3 antimicrobial classes. Ethical approval was taken from
the ethical review committee of AMCGH. Results: Out of 189 culture-positive isolates, E. coli
predominated (47.6%), followed by Klebsiella species (40.2%) and Pseudomonas spp. (12.2%). MDR was
identified in 94.4% of Escherichia coli, 100% of Klebsiella species, and 56.5% of Pseudomonas spp.
isolates. Meropenem retained the best activity against E. coli (81.1% susceptible), but carbapenem
susceptibility was low in Klebsiella spp. (44.7%) and Pseudomonas species (43.5%).
Ceftazidime—avibactam was found susceptible in 74.3%, 32.1%, and 25% of Escherichia coli, Klebsiella
species and Pseudomonas spp., respectively. Conclusion: Escherichia coli showed high susceptibility to
carbapenem but Klebsiella spp. and Pseudomonas species showed very low susceptibility to carbapenem
along with ceftazidime -avibactam.
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Introduction

Urinary tract infections (UTIs) are among the most
common infections in immunocompromised patients
globally. Cancer patients are particularly at risk owing
to immunosuppression induced by malignancy,
chemotherapy, radiation therapy, and major surgical
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procedures, which significantly impairs host defense
mechanisms and increases susceptibility to
opportunistic infections including UTIs'2.

The frequent use of urinary catheters, prolonged
hospitalization, recurrent antibiotic exposure, and
chemotherapy-related neutropenia further compound
this risk, creating an environment highly conducive to
the selection and proliferation of MDR organisms™*.
Bangladesh is a densely populated lower-middle-
income country facing a rapidly escalating AMR
burden. Convergent factors driving this crisis include
unrestricted over-the-counter antibiotic dispensing,
widespread empirical use of broad-spectrum agents
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without microbiological guidance, inadequate
infection prevention and control (IPC) infrastructure,
and a fragmented regulatory framework>‘. National
surveys have documented alarmingly high rates of
extended-spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae and carbapenem-resistant
organisms (CROs) in hospital settings™. However,
data specifically from oncology patients remain
extremely limited, leaving clinicians without
evidence-based guidance for empirical antibiotic
selection in this high-risk group.

The cancer burden in Bangladesh is substantial and
growing. An estimated 150,000 new cancer cases are
diagnosed annually, with cervical, breast, oral, lung,
and colorectal cancers predominating’. The few
dedicated cancer hospitals including AMCGH, Dhaka
bear a disproportionate burden of care for patients with
advanced malignancy. These patients frequently
develop febrile neutropenia and suspected infections,
necessitating prompt empirical antibiotic therapy.
Without reliable local antibiogram data, clinicians
must rely on outdated or geographically restricted
guidelines, risking both therapeutic failure and
unnecessary escalation to last-resort antibiotics'’.

The WHO AWaRe (Access, Watch, Reserve)
classification system, incorporated into CLSI
guidelines, provides a globally applicable framework
for antibiotic  stewardship'’, Resistance to
Reserve-group antibiotics-such as ceftazidime-
avibactam and tigecycline in hospital settings
represents a particularly alarming signal. Published
data from India, Pakistan, Egypt, and Nepal document
MDR rates of 80 to 100.0% among Gram-negative
uropathogens in cancer patients'>" consistent with
regional trends. A study from Nepal's national cancer
hospital reported 89.0% MDR in UTI isolates®, but
comparable data from Bangladesh are conspicuously
absent from the literature.

Therefore, the present study aimed to determine the
antimicrobial susceptibility pattern of gram negative
uropathogen to urinary tract infections among cancer
patients at Ahsania mission cancer and general
hospital.

Methodology

Study Design and Setting: This was a retrospective
cross-sectional study. Urine culture and antibiotic
sensitivity data were retrieved from the microbiology
laboratory records of Ahsania Mission Cancer and
General Hospital (AMCGH), Uttara, Dhaka,
Bangladesh, from the period July 2024 to June 2025.
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Study Population and Eligibility Criteria: All UTI
cancer patients aged >3 years who had at least one
urine culture positive during the study period and from
whom a significant Gram-negative uropathogen was
isolated were eligible for inclusion. Repeated cultures
from the same patient within a 30-day period; and
contaminated specimens (growth of >3 organisms)
were excluded. Pyuria (pus cells) was not considered a
reliable diagnostic criterion for UTI in cancer patients
as patients may be neutropenic'’.

Specimen Collection and Organism Identification:
Urine specimens had been collected at the time of
clinical presentation following the institution's
standardized protocol, utilizing the clean-catch
midstream technique into sterile containers. Retrieved
laboratory records indicated that all specimens were
processed promptly upon receipt, with inoculation
performed onto Blood Agar and MacConkey Agar
plates in accordance with the standard operating
procedures of the Microbiology Laboratory of Ahsania
Mission Cancer & General hospital (AMCGH).
Incubation was carried out at 35°C, and plates were
examined for bacterial growth after 24 hours.
Identification of bacterial isolates had been established
on the basis of colony morphology, Gram staining
reaction, and biochemical characteristics. A colony
count exceeding 10° colony-forming units per milliliter
(CFU/mL) of urine was regarded as clinically
significant bacteriuria, in accordance with established
microbiological criteria'’.

Antibiotic  Susceptibility = Testing: Antibiotic
susceptibility testing (AST) data were retrieved from
existing laboratory records, where testing had been
performed by the Kirby-Bauer disc diffusion method
on  Mueller-Hinton Agar (MHA; HiMedia
Laboratories, Mumbai, India), as per the Clinical and
Laboratory Standards Institute (CLSI) 2024 M100
(34th Edition) guidelines18. The antibiotic disc panel
had included: amoxicillin-clavulanic acid (20/10 pg),
ampicillin (30 pg), ciprofloxacin (5 pg), nitrofurantoin
(300 pg), ceftazidime (10 pg), gentamicin (10 ng),
trimethoprim-sulfamethoxazole  (1.25/23.75 pug),
meropenem (10 pg), cefepime (30 pg),
piperacillin-tazobactam (100/10 pg), fosfomycin (200
ug), ceftriaxone (10 pg), aztreonam (30 pg),
ceftazidime-avibactam (30/20 pg), and tigecycline (15
ug), all sourced from HiMedia Laboratories (Mumbai,
India). Bacterial suspensions had been adjusted to a
turbidity equivalent to the 0.5 McFarland standard in
0.9% normal saline, and plates were inoculated by
lawn culture technique and incubated at 37°C for 16 to
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18 hours. Zone diameters were measured in
millimeters and interpreted as Susceptible (S),
Intermediate (I), or Resistant (R) using CLSI 2024
breakpoints. For the purpose of the present analysis,
Intermediate results were combined with Resistant, in
accordance with WHO AWaRe guidance'.

Quality control: Quality control had been performed
using reference strains Escherichia coli ATCC 25922,
Klebsiella  pneumoniae ATCC 700603, and
Pseudomonas aeruginosa ATCC 27853 tested with
each batch, ensuring the reliability of the susceptibility
data retrieved.

AWaRe classification: For the purposes of this study,
antibiotics were classified according to the 2023 WHO
AWaRe classification into Access, Watch, and Reserve
categories''. Fosfomycin susceptibility data are
presented for E. coli isolates only, as CLSI 2024 M100
provides validated disc diffusion breakpoints for
fosfomycin exclusively for wurinary isolates of
Escherichia coli and  Enterococcus faecalis.
Antimicrobials designated as 'NT' (Not Tested) were
excluded from analysis for the respective organism.
Multidrug resistance (MDR) was defined as
non-susceptibility to at least one agent in three or more
antimicrobial categories, as per the criteria established
by Magiorakos et al".

Statistical Analysis: Data were extracted from
laboratory and clinical records using unique patient
identifiers. Variables included age, sex, clinical setting,
cancer type and AST results. Descriptive statistics
were used: frequency and percentage for categorical
variables; mean and standard deviation (SD) for
continuous variables.

Ethics Approval and Consent to Participate

Ethical approval was obtained from the Institutional
Ethics Committee of Ahsania Mission Cancer and
General Hospital. Patient data were anonymized prior
to analysis (AMCGH/ECA-10/26-01). All methods
were performed in accordance with the relevant
guidelines and regulations.

Results

The mean age of patients was 47.25 + 30.54 years.
Middle-aged adults (45-64 years) constituted the
largest group (42.3%, n=80), followed by elderly
patients (>65 years, 33.9%, n=64). Female patients
predominated slightly (52.9%, n=100). Solid tumors
accounted for 69.8% (n=132) of cases and
hematological malignancies accounted for 29.5%
(n=56) (Table 1).
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Table 1: Demographic and Clinical Characteristics of UTI
Cancer Patients (n=189), AMCGH, Dhaka, Bangladesh, July
2024-June 2025

Variable Frequency  Percent
Age Group

* Children (<18 years) 12 6.3
* Young adults (19 to 44 years) 33 17.5
* Middle-aged adults (45 to 64 years) 80 423
* Elderly (>65 years) 64 33.9
Mean + SD:47.25 + 30.54 years

Gender

* Male 89 47.1
* Female 100 52.9
Type of malignancy

* Solid tumors 132 69.8
* Hematological malignancy 56 295
* Unknown 1 0.5

Among the 189 isolates, Escherichia coli was the most
prevalent isolates (90,47.6%), while Klebsiella species
and Pseudomonas species was 76 (40.2%) and 23
(12.2%) respectively (Figure-
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Figure I: Gram-negative uropathogen profile among UTI cancer
patients (n=189)

Among the 189 isolates, Escherichia coli was most
prevalent in the ICU (17.5%), while Pseudomonas
species was equally distributed between the ICU and
IPD (4.8% each). Klebsiella species predominated in
the IPD (21.2%) but was also frequently isolated from
the ICU (11.6%) (Figure II).

The details on the antibiotic drug susceptibility of
bacteria isolated from urine samples were recorded.

From the access group, seven antibiotics
(nitrofurantoin, ampicillin, amikacin,
sulfamethoxazole/trimethoprim, gentamicin,

fosfomycin, and tetracycline) were analyzed for
Escherichia coli and Klebsiella spp. and two
antibiotics (amikacin and gentamicin) were analyzed
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for Pseudomonas species according to CLSI,2024
guideline. Among these, the lowest susceptibility
levels were observed for amoxicillin-clavulanate
(13.3% and 1.3%) and tetracycline (18.9% and 14.5%)
in Escherichia coli and Klebsiella, respectively. In the
watch group, meropenem demonstrated the highest
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Figure II: Distribution of Gram-negative uropathogen according
to patients care settings (n=189)

susceptibility among the ten drugs analyzed, at 81.1%
and 44.7% for Escherichia coli and Klebsiella species,
respectively. In the reserve group, among the three
drugs analyzed, ceftazidime-avibactam showed the
highest susceptibility in Escherichia coli (74.3%),
whereas Klebsiella species showed the highest
susceptibility to tigecycline (34.0%). In the case of
Pseudomonas species, all drugs belonging to the WHO
AWaRe classification showed very low susceptibility;
only amikacin and gentamicin demonstrated a
comparatively higher susceptibility, each at 47.8%.

Table 3: Multidrug Resistance (MDR) Distribution among
Gram-Negative Uropathogens (n=189)

Organism MDR Isolates MDR Rate
E. Coli (n=90) 85 94.4%
Klebsiella spp.(n=76) 76 100.0%
Pseudomonas spp. (n=23) 13 56.5%
Total (n=189) 174 92.1%

Table 2: Antimicrobial susceptibility profile of Gram-negative Uropathogens stratified by WHO AWaRe classification (n=189)

Antibiotic E. coli (n=90) Klebsiella spp. (n=76) Pseudomonas spp. (n=23)
WHO AWaRe Group Susceptible, n (%) Susceptible, n (%) Susceptible, n (%)
ACCESS GROUP
Amikacin 61/90 (67.8%) 41/76 (53.9%) 11/23 (47.8%)
Gentamicin 44/90 (48.9%) 26/76 (34.2%) 11/23 (47.8%)
Amoxicillin—clavulanate 12/90 (13.3%) 1/76 (1.3%) NT
Nitrofurantoin 29/90 (32.2%) 6/76 (7.9%) NT
Fosfomycin 54/90 (60.0%) NT NT
Cotrimoxazole 19/90 (21.1%) 14/76 (18.4%) NT
Tetracycline 17/90 (18.9%) 11/76 (14.5%) NT
WATCH GROUP
Netilmicin NT NT 9/20 (45.0%)
Ceftriaxone 20/90 (22.2%) 12/76 (15.8%) NT
Ceftazidime 2/90 (2.2%) 4/76 (5.3%) 1/23 (4.3%)
Cefixime 1/89 (1.1%) 0/76 (0.0%) NT
Cefuroxime 2/87 (2.3%) 3/76 (3.9%) NT
Cefepime 11/90 (12.2%) 6/76 (7.9%) 8/22 (36.4%)
Piperacillin-tazobactam 18/90 (20.0%) 3/76 (3.9%) 3/23 (13.0%)
Ciprofloxacin 10/89 (11.2%) 8/75 (10.7%) 9/22 (40.9%)
Levofloxacin 12/89 (13.5%) 9/72 (12.5%) 4/23 (17.4%)
Meropenem 73/90 (81.1%) 34/76 (44.7%) 10/23 (43.5%)
RESERVE GROUP
Aztreonam 21/90 (23.6%) 17/73 (23.3%) 522 (22.7%)
Ceftazidime—avibactam 26/35 (74.3%) 9/28 (32.1%) 2/8 (25.0%)
Tigecycline 23/61 (37.7%) 16/47 (34.0%) NT

Denominators differ per antimicrobial as not all isolates were tested for every agent. Results expressed as n/N (%); NT = Not Tested (antimicrobial
agent not included in the susceptibility testing panel for this organism).
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Discussion

Antimicrobial resistance (AMR) poses a serious global
health crisis by reducing the -effectiveness of
treatments for infections, making it especially
dangerous for cancer patients who face a higher
vulnerability to antibiotic-resistant infections®. The
majority of patients in this cohort were middle-aged
(45-64 years, 42.3%), with a mean age of 47.25 years,
consistent with the known peak incidence of cancer in
older age groups. Females predominated slightly
(52.9%), and solid tumors accounted for the majority
(69.8%). These findings align closely with studies
21,22 of cancer patients with UTI that reported a mean
age of 46.55 + 13.21 years, 62.2% female
predominance, and a higher proportion of solid
compared with hematological malignancies.

Of the 189 urine samples tested, Escherichia coli
(47.6%) was the most frequently isolated
gram-negative uropathogen. This finding is similar
with study”' conducted in Ethiopia (44.4%) and India
(40%). The second most frequently isolated
gram-negative bacterium was Klebsiella species
(40.2%), which is higher than the study documented
by Ashour and El-Sharif*, who reported isolation of
Klebsiella species in lower rate (31.2%). Pseudomonas
species (12.2%) was the least frequently isolated
gram-negative pathogen in the present study, which is
consistent with the 11.0% prevalence rate of
Pseudomonas species reported by Parikh et al*.

The distribution of Gram-negative uropathogen
differed considerably across patient care settings in the
present study. The notable predominance of Klebsiella
species among inpatients (21.2%) is consistent with
the well-documented role of Klebsiella pneumoniae as
a principal causative agent of healthcare-associated
urinary tract infections, especially in patients with
indwelling urinary catheters®. Pseudomonas species in
both IPD and ICU (4.8%) reflect its hospital
environmental persistence, consistent with evidence
that drug resistance develops faster in ICU-associated
organisms than in those from other hospital wards or
outpatient settings®. The proportion of Escherichia
coli isolated from positive urine cultures among cancer
patients in the ICU setting was 17.5%, which is
consistent with the findings of Cornejo-Juarez et al”,
who reported a comparable isolation rate of 20.0% in a
similar patient population. This finding may be
attributed to several converging factors such as ICU
patients are frequently subjected to invasive urinary
catheterization, prolonged broad-spectrum antibiotic
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exposure, and severe immunosuppression, all of which
disrupt the normal urogenital flora and select for
resistant Escherichia coli strains™.

In the present study, the isolates exhibited poor
susceptibility to several antibiotics within the WHO
"Access" group, particularly amoxicillin-clavulanate,
sulfamethoxazole/trimethoprim, & tetracycline. Of
greater clinical concern, susceptibility was also
markedly reduced against fluoroquinolones and
third-generation cephalosporins belonging to the
"Watch" group, with isolates showing low
susceptibility even to antibiotics classified under the
"Reserve" group. These findings are consistent with
those reported in similar studies conducted among
cancer patient populations'*>*%,

Among the Escherichia coli isolates, Meropenem
retained susceptibility in 81.1%, which is the highest
of any single agent tested. This finding is consistent
with prior studies®? in cancer patients with UTI,
where carbapenems demonstrated 72.0% susceptibility
in an Indian tertiary oncology center and up to 97.0%
in a Jordanian cancer center, reinforcing the role of
meropenem as the drug of choice for severe UTI
caused by  Escherichia coli in  this
immunocompromised population. The fosfomycin
susceptibility rate of 60.0% recorded in our study is in
close agreement with the 58.0% reported by Toufiq et
al’’.

Among the Klebsiella isolates in the present study,
amikacin and meropenem demonstrated susceptibility
rates of 53.9% and 44.7%, respectively, indicating
considerably reduced activity of these agents in this
patient population. An Indian study® on urinary
Klebsiella isolates reported amikacin and meropenem
susceptibility of 74.0% and 78.0%, respectively, which
is notably higher than the susceptibility rates observed
in our study, suggesting that most of the cancer
patients have some form of immune disturbances.
Klebsiella spp. in the present study demonstrated
notably low susceptibility to aztreonam (23.3%),
indicating extensive resistance to this monobactam
agent. This is consistent with patterns reported across
Asian healthcare settings® where aztreonam
susceptibility rate of only 26.7%. In the present study,
ceftazidime-avibactam (CAZ-AVI) susceptibility was
notably low among Klebsiella species (32.1%)
compared to Escherichia coli (74.3%). These findings
contrast with previously reported data from cancer
patient populations. A Singapore study** reported
CAZ-AVI susceptibility of 64.6 to 72.1% for
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Klebsiella spp. and 88.9% for Escherichia coli. Still
notably higher than the susceptibility rates of 32.1%
and 74.3% observed for Klebsiella species and
Escherichia coli, respectively, in the present study. The
comparatively higher CAZ-AVI susceptibility of
Escherichia coli (74.3%) versus Klebsiella species
(32.1%) in our study is consistent with the known
differential resistance patterns between these two
organisms. Surveillance data from England® also
demonstrated high susceptibility rates in Escherichia
coli (98.2%) compared to Klebsiella pneumoniae
(92.5%) for ceftazidime-avibactam among clinical
isolates.

Pseudomonas species isolates in this study showed
low susceptibility to several antibiotics, including
netilmicin (45.0%), meropenem (43.5%), amikacin
(47.8%), and gentamicin (47.8%), suggesting a broad
multidrug resistance pattern among cancer patients.
But in another study®® a lower trend of susceptibility
was reported focused on Pseudomonas spp. from
cancer patients, where susceptibility to amikacin,
gentamicin and meropenem were 38.5%., 32.7% and
34.6% respectively. The CAZ-AVI susceptibility rate
(25.0%) of Pseudomonas spp. observed in the current
study was markedly lower than previously published
data. Valzano et al’’ reported CAZ-AVI susceptibility
rate of 81.7% among MDR P. aeruginosa isolates in a
multicenter Italian surveillance study. Several factors
may account for this disparity, including the
immunocompromised status of cancer patients,
prolonged prior antibiotic exposure, the predominance
of carbapenem-resistant strains, and a higher local
prevalence of Metallo-B-lactamase (MBL)-producing
isolates, against which avibactam has no inhibitory
activity®*.

The overall MDR rate of 92.1% and 100.0% for
Klebsiella species is among the highest reported from
comparable settings in South and Southeast Asia. This
substantially exceeds the 80-89% MDR rates
documented in Nepal and India in comparable
oncology populations'>"® and likely reflects the
convergence of high community-level baseline
resistance and the immunosuppressed, antibiotic-
exposed oncology population.

This study has several limitations. The small number
of Pseudomonas spp. isolates, and Reserve-group
antibiotic testing was restricted to small subsets,
limiting the precision of those resistance estimates.

Bangladesh J Med Microbiol 51

Conclusion

This study documents a profound MDR crisis among
Gram-negative uropathogens in cancer patients at
AMCGH, Dhaka. Critically low carbapenem
susceptibility in Klebsiella spp. and Pseudomonas
spp., combined with reduced ceftazidime-avibactam
susceptibility, suggests critically limited therapeutic
options. Meropenem remains the most active agent
against E. coli, while amikacin and fosfomycin retain

partial  activity = warranting consideration in
combination regimens under microbiological
guidance.
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