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Abstract: Background: Antimicrobial resistance (AMR) is a pressing global health concern, leading
to increased treatment costs, prolonged hospital stays, and higher mortality rates. This study analyzes
the prevalence and trends of AMR in pathogenic bacteria isolated from various clinical specimens
from Chattogram Medical College Hospital (CMCH) in Chittagong, Bangladesh. The objective is to
track AMR over an extended period and provide comparative analytics for local and global
surveillance efforts. Methods: Retrospective data from June 2017 to November 2019 were collected
from a tertiary care hospital, encompassing both inpatients and outpatients. Bacterial identification
and antibiotic susceptibility testing followed standard methods. WHONET and Quick Analysis of
AMR Patterns and Trends (QAAPT) software were utilized for data management and analysis.
Results: The analysis included 6,896 records, with an average bacterial growth positivity rate of 39%.
The most common specimen type was urine, accounting for 48.9% of all specimens. Among the
bacterial isolates, variations in AMR prevalence were observed, particularly with E. coli displaying
high resistance to commonly used antibiotics. Soft tissue and blood fluid samples exhibited a high
positivity rate for bacterial growth. The study underscores the urgent need for AMR surveillance and
evidence-based treatment guidelines tailored to local antibiotic susceptibility patterns. Conclusion:
This study highlights the significance of monitoring AMR trends in Chittagong, Bangladesh. By
understanding and addressing AMR patterns, policymakers, and stakeholders can develop informed
national policies and strategies to combat AMR effectively. Sharing these findings with relevant
parties is crucial for creating awareness and promoting evidence-based practices. The study
emphasizes the importance of ongoing surveillance efforts and the development of targeted
interventions to mitigate the impact of AMR and improve patient outcomes in the region.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Antimicrobial resistance (AMR) has become one of the top public health threats worldwide [1].
Infections caused by drug-resistant bacteria are associated with increased treatment costs, hospital
stays, increased mortality rate, and overall severe economic loss to the patient and nation [1-3]. It is
estimated that about 4.95 million deaths in 2019 were due to bacterial AMR [2]. By 2050, it will be one
of the leading causes of death, surpassing the mortality rate of malignant illnesses [3]. Excessive and
uncontrolled use of antibiotics in humans, animals, and the environment, along with weak
regulations and inefficient health systems, poor hygiene and sanitation leading to excessive infection,
and gaps in surveillance of AMR are all factors contributing to the rise in resistant strains globally,
particularly in developing countries [4].

Bangladesh is a densely populated, lower-middle-income country in Southeast Asia. Infection
is common in communities and health care settings due to the tropical climate, lack of safe water
supply and sanitation system, congested living patterns, and lack of infection control activities in
health care settings [5]. Moreover, excessive antibiotics are being used to treat infections due to self-
medication with over-the-counter (OTC) antibiotics, irrational prescribing of antibiotics, and
indiscriminate use of antibiotics in poultry, dairy, and other agro farmers [6-13]. Consequently,
antibiotic resistance was highly prevalent in pathogenic bacteria isolated from different clinical
specimens in Dhaka and other regions of Bangladesh. Among the uropathogens, E. coli was found to
be highly resistant to commonly used antibiotics such as cephradine, amoxicillin, cefixime,
azithromycin, and ciprofloxacin [14,15].

Similarly, high levels of resistance to commonly used antibiotics have been detected in
Chittagong, south-eastern area of Bangladesh, in limited studies based on selected patients or specific
bacterial pathogens [16]. A study by Nusrat T et al. in 2021 found Acinetobacter sp., Klebsiella sp.,
Pseudomonas sp. were the most common bacterial isolates in ventilator-associated pneumonia of the
Intensive Care Unit (ICU) at Chattogram Medical College Hospital (CMCH). These isolates had
multidrug resistance to amoxiclav, amikacin, azithromycin, ceftazidime, ceftriaxone, ciprofloxacin,
and gentamicin [17]. Another study in community-acquired pneumonia in CMCH found Klebsiella
pneumonia, Pseudomonas aeruginosa, Staphylococcus aureus, and E. coli were the most common causes
[18]. Similarly high levels of resistance have been found in specimens isolated from urinary tract
infections, community acquired pneumonia, and septicemia [16,19].

Even though many studies have been performed on the prevalence of antibiotic resistance in
selected pathogenic bacteria or isolated from selected infections in Chittagong, no attempts have been
made. Yet, no study examined the trends in antimicrobial resistance amongst common pathogens
over an extended period. However, this study will help track trends of antibiotic resistance among
clinical isolates and provide comparative analytics that can be used to compare with antimicrobial
resistance locally, helping to find AMR hotspots around the country. Additionally, this research will
aid in the prioritization of pathogenic bacteria for AMR surveillance. It will inform clinical decision-
making and challenge local guidelines and protocols for using antibiotics for empiric therapy based
on local antibiotic susceptibility patterns. Moreover, a detailed picture of AMR must be shared with
the policymakers and stakeholders of AMR so that national policies and strategies can be aligned
with the AMR situation.
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2. Materials and Methods
Study Design and Setting

A retrospective study was conducted in the microbiology department of CMCH between June
2017 and November 2019. The CMCH is a tertiary care hospital and referral health facility serving
over thirty million people in Bangladesh’s Southeast region. Since 1998, the microbiology laboratory
has operated at CMCH, where the results of bacteriological cultures from various clinical materials
are recorded.

Data Collection

Data was collected with the support of the CAPTURA (The Capturing Data on Antimicrobial
Resistance Patterns and Trends in Use in Regions of Asia) consortium [20]. Manual data was digitized
using the WHONET software, a free desktop application for managing and analyzing microbiology
laboratory data, particularly for antimicrobial resistance surveillance [21]. All data in our study
period were stored on paper registers. Thus, the first step was retrieving the registers and entering
them into WHONET. The data included the patient registration number, age, sex, specimen type,
specimen collection date, patient location (in-patient or out-patient), department, organisms, and
susceptibility testing results. The data was collected from all inpatients and outpatients attending
CMCH with suspected infections and advised by the doctors on duty to do bacteriological culture
and sensitivity testing of different specimens. All the isolated pathogens were included in this study.

Microbiological Testing

The standard method was followed for bacterial identification and testing for antibiotic
susceptibility. All the antimicrobial susceptibility testing (AST) data were done by disk diffusion
method and expressed in resistant, intermediate, and susceptible (RIS) format according to the
Clinical and Laboratory Standards Institute’s (CLSI) definitions for the breakpoints and susceptibility
interpretive factors.

Statistical Analysis

WHONET and the Quick Analysis of AMR Patterns and Trends (QAAPT) software were used
to prepare the results [22]. WHONET was used for the data collection, management, quality control,
and analysis of multi-drug resistance. QAAPT utilized the WHONET exports and visualized the
descriptive statistics, including gender, sample and location distributions, findings of the most
common organisms, AMR resistance patterns, and antibiograms.

Ethical and Project Approval

The CAPTURA consortium project received official approval from the Communicable Disease
Control, DGHS, MoHFW, dated May 17, 2020. The reference number is DGHS/DC/ARC/2020/1708.
Before the data collection, a tri-party collaborative agreement was made among the DGHS,
Chattogram Medical College and Hospital, and the International Vaccine Institute- CAPTURA on 22
September 2020.

The project was exempted from ethical review at the Institutional Review Board (IRB) of IVI
since the project does not involve intervention or interaction with individuals, and the information
collected is not individually identifiable. This exemption is according to the definition of the IVI IRB
SOP, D-RB-4-003.
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3. Results
3.1. Demography and Bacterial Culture

Overall, 6,896 records were included in the analysis from 2017-2019. Around 40% were from
2019, 33% from 2018, and 27% from 2017, with an average positivity for bacterial growth of 39% in
all isolates. The full breakdown table of the data volume can be found in (Supplement Table 1). Figure
la presents the monthly distribution of the samples over the study period. Furthermore, A total of
3111 patients (45.1%) were admitted into different departments at CMCH, and 3785 (54.9%) were
outpatients (supplementary Table 2). Figure 2 denotes the sex and age distribution, where females
accounted for 53.2% (n=3672) and males were 46.8% (n= 3224).
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Figure 1. The distribution of culture records over time, including negative results.
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Figure 2. Distribution of the number of culture records by sex and age group for all records.

Table 1. Summary of MDR, possible XDR, and possible PDR results.

Organism Number of isolates MDR Possible XDR Possible PDR
Staphylococcus aureus 299 187 (63%) 70 (23%) -

Escherichia coli 706 432 (61%) 398 (56%) 80 (11%)
Acinetobacter sp. 59 26 (44%) 26 (44%) 1(2%)
Kiebsiella sp. 791 496 (63%) 450 (57%) 54 (7%)
Pseudomonas sp. | 369 93 (25%) 93 (25%) | 38 (10%)

Table 2. Gram positive antibiogram. The numbers indicate % susceptible.

Figure 3 shows the disaggregation of the isolates by specimen type. Urine was the highest
specimen type of all isolates (48.9%), yet representing only 29.2% of all positive cultures, thus
showing a 22.6% positivity in urine cultures. Furthermore, soft tissue and body fluid (BF) represented
more than 50% of all positive cultures and 35.2% of all samples, showing a 61% positivity in all soft
tissue and BF samples. Overall, only 94 (1.4%) isolates were contaminated, mostly from respiratory
samples, followed by stool samples (Figure 3d).
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Figure 3. The number of culture records stratified by specimen category and cumulative records culture positive
showing bacterial growth.

3.1.1. Isolated Bacteria and Their Resistance Pattern

The most frequently isolated bacteria in all samples were Klebsiella sp. (30.32%, n=791), Escherichia
coli (26.06%, n=706), and Pseudomonas sp. (24.49%, n=639), as shown in Figure 4. Other less frequent
isolates were Enterococcus sp., Salmonella typhi and other Salmonella sp., Streptococcus pyogenes, Neisseria
gonorrhoae, which were excluded from the graph below.
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Figure 4. Most common bacteria isolated from all samples over the reported period.

The top five bacteria isolated from each sample type can be found in Figure 5. Overall, Gram-
negative bacteria were more dominant bacteria isolated than Gram-positive bacteria across all sample
types. Collectively, the most frequent Gram-negative bacteria was Klebsiella sp., and the Gram-
positive was Staphylococcus aureus. Escherichia coli was the most common in urine isolates,
representing more than 50% of all urine isolates. Whereas in soft tissue and body fluid, Pseudomonas
sp., Klebsiella sp., were the most common, each representing 30% of the isolates. Kiebsiella sp., was the

most isolated from the respiratory samples, and Staphylococcus aureus, Acinetobacter sp., in blood
samples.
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Figure 5. Top five isolated bacteria from different samples. 5a: Top five organisms from Urine samples; 5b: Top
five organisms from soft tissue and body fluids samples; 5¢: Top five organisms from Respiratory samples; 5d:

Top five organisms from Blood samples.

3.1.2. Resistant Pattern of Isolated Bacteria

Among the gram-negative bacteria, Klebsiella sp. isolated in this study showed higher resistance
against ampicillin (85%), cefuroxime (83%), amoxicillin / clavulanic acid (79%), cefixime (78%), and
lowest resistance was observed against imipenem (24%). Furthermore, the most potent antibiotic was
piperacillin and tazobactam combination (82% sensitive). Similarly, a high resistance pattern of
Escherichia coli was also observed against cefuroxime (84 %), amoxicillin / clavulanic acid (75%),
cefixime (76%), and the lowest resistance was seen against nitrofurantoin (10%) and imipenem (10%).
E coli was most sensitive to nitrofurantoin (90%). Pseudomonas sp. showed resistance to cefuroxime
(89 %), amoxicillin / clavulanic acid (80%), cefepime (80%), cefixime (80%) and most sensitive to
combination preparation of piperacillin and tazobactam (87%).

Among the gram-positive bacteria, Staphylococcus aureus showed the highest resistance to
azithromycin (63%) and cotrimoxazole (68%). Staphylococcus aureus was mostly sensitive to
chloramphenicol (90%), doxycycline (76%), and gentamicin (80%). For the full breakdown of
resistance patterns, check Figure 6.
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Figure 6. Resistance pattern of major bacteria to common antibiotics.

3.1.3. Drug Resistance Pattern (MDR, XDR, and PDR Categorization of Clinical Isolates)

Around two thirds of the isolates of Staphylococcus aureus (63%), Escherichia coli (61%) and
Klebsiella sp. (63%), as well as nearly half (44%) of the samples of Acinetobacter sp., were identified in
the CMCH dataset as being MDR. A quarter of Staphylococcus aureus (23%) and Pseudomonas sp. (25%)
and more than half of Escherichia coli (56%) and Klebsiella sp. (57%) were possible XDR bacteria.
Approximately 10% of isolates of Escherichia coli, 10% of isolates of Pseudomonas sp., 7% of isolates
of Klebsiella sp., and one isolate of Acinetobacter sp. were found to be antibiotic-resistant or possibly
XDR.

4. Discussion

This study presented the bacterial AMR trends and patterns of CMCH Hospital, Bangladesh,
between January 2017 and November 2019. This retrospective study of 6,896 bacterial culture records
of the Microbiology laboratory of CMCH showed that the most frequently isolated bacteria in all
samples were Klebsiella sp., Escherichia coli, and Pseudomonas sp. followed by Staphylococcus aureus,
Acinetobacter sp. These bacteria, except E. coli, are members of “ESKAPE”. ESKAPE represents six
bacterial pathogens: Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, and Enterobacter sp. ESKAPE organisms are the leading cause of
healthcare-acquired infections worldwide [26], particularly in immunocompromised individuals.
Pseudomonas aeruginosa and Staphylococcus aureus are some of the most widespread pathogens
frequently found in the gut flora, soil, and water. These pathogens can potentially be transmitted to
patients in healthcare settings, both directly and indirectly, and be present in biofilms within
healthcare environments. [27,28]. Klebsiella pneumonia and Enterococcus faecium exhibit thicker
biofilms, showcasing a robust ability to adhere firmly to neighboring cells, enabling their growth in
diverse settings, including medical devices like urinary catheters and prosthetic heart valves within
the human body. Acinetobacter baumannii thrives in numerous challenging conditions due to its
ability to endure various temperatures, pH levels, nutrient concentrations, and even dry
surroundings. Isolation of these bacteria in hospital-admitted patients indicates a high rate of
hospital-acquired infection in CMCH. This finding is consistent with a similar study in another
tertiary hospital, BIRDEM in Bangladesh, that found Escherichia coli, Klebsiella sp., Pseudomonas sp.,
and Acinetobacter sp. were the most common Gram-negative bacteria and Staphylococcus aureus, and
Enterococcus sp. were the most common Gram-positive isolated bacteria [25]. These findings are
consistent with other studies from the same hospital and other tertiary hospitals in Bangladesh [14—
31]. In contrast, Escherichia coli was the most commonly isolated pathogen, in the Indian national
surveillance during the year 2021, followed by the Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Staphylococcus aureus [29].

The most significant finding of this study was that the majority of pathogenic bacteria isolated
from different clinical specimens were highly resistant to antibiotics such as amoxiclav (combination
of amoxicillin and clavulanic acid), cotrimoxazole, cefuroxime, cefixime, azithromycin, and
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doxycycline. These antibiotics are the most commonly used in Bangladesh [30-35]. The resistance rate
of Escherichia coli to the above-mentioned group was 61%-87%, and among Kiebsiella sp. was 59%-
85%. This finding is similar to other studies conducted in other tertiary care hospitals in Bangladesh,
including BSMMU Hospital and Dhaka Medical College Hospital (DMCH) [14-16,23].

Another finding of this study was significantly high resistance of Escherichia coli, Klebsiella sp.,
Pseudomonas sp., and acinetobacter sp. to cefotaxime, ceftazidime, ceftriaxone which may be an
indication of extended-spectrum beta-lactamase (ESBL) production. When a bacterium displays
resistance or reduced sensitivity to any of these five agents, namely cefpodoxime, ceftazidime,
aztreonam, cefotaxime, or ceftriaxone, it raises concerns about ESBL production. In such cases, it is
advisable to conduct phenotypic confirmatory tests to confirm the diagnosis. [36,37]. ESBL’s enzymes
break down and destroy some commonly used antibiotics, including penicillins and cephalosporins.
These are a group of diverse, complex, and plasmid-mediated enzymes that undergo rapid evolution.
In addition, ESBL-producing organisms are more challenging to treat, with fewer antibiotic options,
as they usually exhibit co-resistance to many other antibiotics. Addressing ESBL-producing bacteria
presents a significant therapeutic dilemma when treating hospitalized and community-based cases.
[38]. Resistance of Escherichia coli to ceftriaxone and cefotaxime were 69.9%, 65.73% respectively.
Similar susceptibility was also found in Klebsiella sp., which were highly resistant to cefotaxime
(70.5%) and ceftriaxone (70.02%). This indicates that more than two-thirds of Escherichia coli and
Klebsiella sp. were ESBL producers. Similarly, high-level resistance to cefotaxime and ceftazidime was
found in Escherichia coli and Klebsiella sp. in Indian AMR surveillance [29]. Not only among members
of Enterobacteriaceae but high levels of resistance to third-generation cephalosporins were also found
in Pseudomonas sp. and Acinetobacter sp. About two-thirds of Pseudomonas sp. showed resistance to
cefotaxime, ceftriaxone, and ceftazadime, and around three-fourths of Acinetobacter sp. were found
resistant to cefixime, ceftriaxone, and ceftazadime. ESBL-producing Enterobacteriaceae was also
highly prevalent in other referral hospitals in Bangladesh [25,39].

The high prevalence of ESBLs has limited the treatment options and led to increased use of
carbapenems [37]. ESBL producers are best treated with carbapenems. Recently, this antibiotic has
been highly used in Bangladesh. This would lead to increased risk and association with increased
cost and carbapenem-resistant Enterobacterales emergence [40,41]. In this study, imipenem
resistance in Escherichia coli was 10%, in Klebsiella sp. at 23.91%, and in Acinetobacter baumannii at
35.85%. This finding is coherent with another study in DMCH by Begum N et al. (2016) found 14%
imipenem resistant among Gram-negative uropathogens [15]. In contrast, carbapenem (meropenem)
resistance was 40% in non-fermenting entrobacterales and 35% in Pseudomonas aeruginosa isolates
in Indian country surveillance [29].

The majority of pathogenic bacteria isolated from different clinical specimens were MDR.
Multidrug-resistant bacterial infections have become a real threat in Bangladesh [23,24]. Around two-
thirds of isolates of Staphylococcus aureus (63%), Escherichia coli (61%), and Klebsiella sp. (63%), and
nearly half Acinetobacter sp. (44%) were MDR. The high prevalence of MDR bacteria may be because
the samples were collected from referred cases of outpatient departments and admitted patients.
Many of them may be suffering from healthcare-associated infections, usually caused by MDR
bacteria. This scenario is also supported by other studies on hospitalized patients in Bangladesh [25].
Similar high-level bacteria have been observed in other countries of Southeast Asia and other
developing countries of the world. A study of bacterial isolates in India from a tertiary-care healthcare
facility observed lower rates of drug-resistant GNB. The study found that 66.12% were MDR strains,
34.32% were XDR strains, and 0.98% were PDR strains [42]. Another study in Saudi Arabia on
Escherichia coli reported a prevalence rate of 67% for MDR infections [43]. A large study on bacterial
resistance patterns in isolates from an emergency department in Hungary unveiled that 23.8%
exhibited MDR. Antibiotic resistance was found to be comparatively low in western developed
countries. In 2019, in the United States, a national report showed that the proportion of
Enterobacteriaceae isolates with MDR in inpatient cases was 6.6% and 42.4% in Acinetobacter sp [44].
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Moreover, more than half of Escherichia coli (56%) and Klebsiella sp. (57%), and a quarter of
Staphylococcus aureus (23%) and Pseudomonas sp. (25%) were possibly XDR in the sense of the
antibiotics used in this study. As a limited number of antibiotic discs were used in this study to test
the antibiotic sensitivity testing, these isolates may not be truly XDR and PDR. Around one-tenth of
Escherichia coli (11%) and Pseudomonas sp. (10%), Klebsiella sp. (7%) isolates, and one isolate of
Acinetobacter sp. were found resistant to all antibiotics used for antibiotic sensitivity testing (possibly
XDR).

This study has several limitations that should be considered when interpreting the findings.
Because of the study’s retrospective nature, important epidemiological information about patients
could not be obtained. AST was dependent on the availability of antibiotic discs at that particular
time. The implementation of the AST did not strictly follow CLSI guidelines due to limited resources
and disc availability. Since CMCH is a government-owned medical college, the Ministry controls the
purchasing of antibiotic discs and other reagents, not the laboratory administration. Moreover,
specific tests were not done due to limited resources and/or capacities, including inducible
clindamycin resistance (D test), ESBL testing, and isolation of Anaerobic bacteria. Additionally, the
test results were collected in RIS format, which would restrict reinterpretation based on updated
guidelines.

Moreover, the number of isolates may be considered small for a tertiary hospital of 1500 beds
thus, understanding the local context is crucial. Traditionally, most patients (inpatient and
outpatient) are treated with empirical therapy, which may contribute to the low number of samples
received in this microbiology laboratory [45]. However, this is a governmental laboratory; some
patients may prefer to send their samples to other microbiology laboratories due to the complexity
of government diagnostic services.

Several key policy recommendations and implications can be highlighted to address AMR in
Bangladesh effectively. First, it is crucial to strengthen AMR testing infrastructure by allocating
sufficient resources, enhancing laboratory infrastructure, and training personnel. Quality assurance
measures and standardized testing methods should be enforced to ensure accurate and consistent
results [46]. This should also include a robust stock-out motoring system in the facilities. Secondly, a
comprehensive national surveillance system for monitoring AMR patterns should be established,
promoting collaboration between facilities to establish national baselines for acceptable resistance.
This system should use such a wealth of data to incorporate real-time data sharing and utilize
electronic health records and digital platforms for efficient data analysis.

Furthermore, data sharing and reporting should be facilitated through mechanisms that
encourage the timely sharing of surveillance data and the standardization of data collection formats.
Accessible dashboards or portals can be created to disseminate surveillance data transparently.
Implementing antimicrobial stewardship programs requires responsible and judicious use of
antimicrobials through awareness campaigns and regulatory frameworks. International
collaborations should be fostered to facilitate knowledge exchange, capacity building, and research
on AMR surveillance and testing methods, particularly supporting low- and middle-income
countries. Research and development efforts should focus on innovative diagnostic tools, alternative
therapies, and public-private partnerships to develop new antibiotics. Lastly, education and training
should be incorporated into curricula for healthcare professionals and the public to raise awareness
about AMR prevention, responsible antibiotic use, and the role of individuals in combating AMR.

5. Conclusions

This study revealed that Kiebsiella sp., Escherichia coli, Pseudomonas sp., Staphylococcus aureus, and
Acinetobacter sp. were the most common bacteria isolated from clinical samples. Most of the bacteria
were MDR (25% to 63%). Most common isolated bacteria showed resistance to some of the most
commonly used antibiotics—amoxyclav, cotrimoxazole, cefuroxime, cefixime, azithromycin, and
doxycycline Therefore, treatment and clinical guidelines, need to be updated and guided by the
resistances patterns of common bacterial infections.
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IEDCR Institute of Epidemiology Disease Control & Research

CDC Communicable Disease Control
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