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Introduction

Antibiotics have transformed modern medicine, reducing
morbidity and mortality from infectious diseases and
enabling complex surgeries, transplantation, cancer
chemotherapy, and intensive care treatment. However, the
growing crisis of antibiotic resistance (AR) threatens to
reverse these gains. The problem is particularly acute in
developing countries such as Bangladesh, India, Pakistan,
Nepal, and several African nations, where weak health
systems, inadequate regulation, and widespread antibiotic
misuse accelerate resistance development1.

Globally, antibiotic-resistant infections caused
approximately 4.95 million deaths in 2019, including 1.27
million deaths directly attributable to AR2. Southeast Asia
is among the highest-burden regions. Bangladesh, with
high population density, large burden of infectious
diseases, unregulated antibiotic sales, and limited
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laboratory diagnostic capacity, faces an escalating crisis3.
ESBL-producing Enterobacterales, MRSA, multidrug-
resistant (MDR) Acinetobacter, fluoroquinolone-resistant
Salmonella Typhi, and carbapenem-resistant organisms
are increasingly common4.

Research Strategy :

a) Study Design

This work adopted a narrative review design, aimed at
synthesizing evidence on antibiotic-resistance (AMR)
prevention in developing countries, with a special focus
on Bangladesh.

b)  Search Strategy

A comprehensive literature search was conducted between
January 2010 and December 2024. The following electronic
databases were systematically searched: PubMed/
MEDLINE, Scopus, Web of Science, Google Scholar
EMBASE, WHO Global Index Medicus, Bangladesh
Journals Online (BanglaJOL), CDC and WHO AMR portals
(grey literature)

c) Search Terms

Search strings combined medical subject headings (MeSH)
and free-text keywords using AND/OR logic. Examples
include: “antimicrobial resistance” OR “antibiotic
resistance”  “prevention” OR “control” OR “stewardship”
“developing countries” OR “low- and middle-income
countries” OR “LMICs”  “Bangladesh” “infection
prevention” OR “IPC” “antibiotic misuse” OR “prescribing
practices” “one health” OR “environmental resistance”

d) Eligibility Criteria

i)   Inclusion Criteria

• Articles published in English (Please mention the
publication year such as; (2010 to 2024)

• Studies conducted in developing countries / LMICs

• Publications related to AMR prevention, surveillance,
stewardship, IPC, policy, community practices, animal
health, or environmental resistome

• All study designs: observational, interventional,
experimental, reviews, meta-analyses, surveillance reports

• Grey literature where appropriately validated (WHO,
CDC, DGHS Bangladesh, FAO, OIE, World Bank, UN
reports)

ii) Exclusion Criteria

• Studies focusing exclusively on high-income-country
settings

• Articles lacking clear methodology

• Case reports unrelated to resistance prevention

• Conference abstracts without full text

• Duplicated studies

e) Ethical Considerations

As this review used publicly available published data
without involving human participants, ethical approval
was not required.

Discussion

This narrative review synthesizes evidence on drivers,
consequences, and practical strategies for AR prevention
in developing countries with specific emphasis on
Bangladesh.

A) Magnitude of Antibiotic Resistance in Developing

Countries

i) Global overview

The World Health Organization (WHO) has repeatedly
warned about the rapid spread of resistant pathogens.
High resistance rates to first-line agents for common
infections—such as urinary tract infection (UTI),
pneumonia, sepsis, gonorrhea, and diarrheal diseases—
have been documented across Asia and Africa5. MDR
tuberculosis remains a major problem. Resistance among
gram-negative bacteria is particularly problematic due to
limited new drug development.

ii) Burden in South Asia

South Asia is one of the world’s largest consumers of
antibiotics. Studies show alarmingly high resistance rates
to penicillins, cephalosporins, fluoroquinolones, and
carbapenems among Enterobacterales6. ESBL prevalence
exceeds 60% in several tertiary hospitals. Carbapenem
resistance is rising among Klebsiella pneumoniae and
Acinetobacter baumannii

iii) Bangladesh-specific data

In Bangladesh, community and hospital resistance rates
are increasing faster than in many comparable countries. A
nationwide antimicrobial surveillance program from 2016–
2020 reported high resistance rates among priority
pathogens7. ESBL-producing E. coli and Klebsiella

exceeded 70% in some regions; MRSA rates surpassed
40%; and Acinetobacter showed >60% carbapenem
resistance. An increasing trend in fluoroquinolone-resistant
Salmonella Typhi has also been documented8.
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The combination of overuse, counterfeit drugs, and poor
infection control contributes significantly to the growing
resistance burden.

B) Drivers of Antibiotic Resistance in Bangladesh and

Developing Countries

i) Over-the-counter antibiotic sales

One of the strongest contributors is unrestricted access:

antibiotics are widely available without prescription in
Bangladesh9. Local pharmacies frequently dispense broad-

spectrum antibiotics such as cephalosporins or

azithromycin for viral illnesses including colds, fever, and
acute gastroenteritis.

ii) Inappropriate prescribing by healthcare providers

Studies reveal that up to 60–70% of prescriptions in
Bangladesh are inappropriate, often unnecessary, or dosed

incorrectly10. Contributing factors include lack of

continuing medical education (CME), patient pressure,
limited diagnostics, and pharmaceutical promotions.

iii) Poor infection prevention and control (IPC)

Overcrowded hospitals, lack of trained personnel,

inadequate hand hygiene, insufficient isolation rooms, and

limited microbiology support enable rapid transmission of
resistant organisms11.

iv) Substandard and counterfeit antibiotics

Weak regulatory systems allow entry of counterfeit or

low-quality antimicrobials, which contribute to treatment

failure and selective pressure for resistance12.

v) Agricultural antibiotic use

Antibiotics are extensively used in poultry, aquaculture,

and livestock in developing countries. In Bangladesh,
misuse of colistin, tetracyclines, and macrolides in animal

feed is widespread13. Resistant bacteria can transfer to

humans through food and water.

vi) Poor sanitation and WASH gaps

Poor hygiene practices, contaminated water, and
inadequate waste disposal facilitate the spread of

pathogens. Sewage systems often contain high levels of

antibiotic residues and resistant organisms14.

vii) Limited surveillance and diagnostic capacity

Many hospitals lack functioning microbiology laboratories,

limiting evidence-based prescribing and masking real
resistance trends15.

C) Consequences of Antibiotic Resistance

i) Increased morbidity and mortality

Resistant infections are associated with longer illness
duration, complications, and high mortality16.

ii) Higher healthcare costs

Resistant infections require expensive drugs, longer
hospital stays, and intensive care utilization, imposing
financial burdens on low-income populations17.

iii) Treatment failures

Rising resistance to first-line agents forces clinicians to
use last-resort antibiotics such as colistin, tigecycline, or
carbapenems, accelerating resistance to these agents18.

iv) Impact on healthcare systems

Surgeries, cancer therapy, and neonatal intensive care units
(NICUs) are particularly threatened due to increased
infection risk19.

D) Prevention Strategies

i) Antimicrobial Stewardship Programs (AMS)

AMS programs aim to optimize antibiotic use through
guidelines, audits, feedback, and clinician education.
Implementing AMS in Bangladeshi hospitals can
significantly reduce unnecessary prescriptions (20).Core
AMS components are

• Prospective audit and feedback  • Formulary restriction  •
Pre-authorization • Education and training • Dose
optimization • De-escalation based on culture results

ii) Strengthening laboratory capacity and surveillance

Accurate diagnosis and culture-based therapy are
essential. Strengthening national surveillance networks
enables monitoring of resistance trends 21.

iii) Infection prevention and control (IPC) strengthening

• Hand hygiene programs • Clean hospital environments •
Isolation of MDR patients • Sterilization protocols •
Adequate PPE • Water and sanitation
improvements.Evidence from low-resource settings shows
that proper IPC reduces healthcare-associated infections
by up to 50%22.

iv) Regulation of antibiotic sales

Banning over-the-counter (OTC) antibiotic sales would
substantially reduce misuse. Bangladesh’s Directorate
General of Drug Administration (DGDA) has taken early
steps, but enforcement remains weak23.
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v) Public awareness and behavior change

Community-level interventions include: • Mass media
campaigns • School-based education • Social media
communication • Counseling by pharmacists.These
strategies have significantly reduced unnecessary
antibiotic use in multiple low-resource settings24.

vi) One Health approach

Human, animal, and environmental health are
interconnected. Strict regulation of antibiotic use in
agriculture is essential25.

vii) Vaccination

Vaccines reduce the need for antibiotics and prevent
resistant infections. Pneumococcal conjugate vaccine
(PCV) and typhoid conjugate vaccine (TCV) have shown
substantial benefits26.

viii) Improving  WASH infrastructure

Access to safe water, sanitation, and hygiene reduces
gastrointestinal and respiratory infections, decreasing
antibiotic consumption27.

ix) Research and training

Local research capacity must be enhanced to monitor
resistance, develop local guidelines, and innovate context-
specific solutions28.

E ) Country-Specific Recommendations for Bangladesh

i) National policy strengthening

Bangladesh’s National Action Plan (NAP) on AMR
provides a framework, but implementation needs major
investment and coordination29.

ii) Hospital AMS implementation

Every tertiary hospital should establish an AMS committee
staffed by infectious disease (ID) physicians,
microbiologists, pharmacists, and nurses30.

iii) Community interventions

 It incudes • Limit OTC sales • Engage local pharmacies in
responsible dispensing training • Educate rural populations
through community health workers31.

iv) Regulation in livestock and aquaculture

Banning growth-promoting antibiotics, enforcing
veterinary supervision, and promoting vaccination in
livestock32 are key determinants

v) Improving laboratory network

At least one microbiology lab per district hospital is

needed, supported by trained technologists and external
quality assurance (EQA)33.

vi) University and medical curriculum reforms

Antibiotic stewardship and AMR education should be
mandatory in MBBS and postgraduate curricula34.

F) Successful Global Models Adaptable to Bangladesh

i) Rwanda’s national stewardship program

Rwanda achieved significant reductions in inappropriate
antibiotic use through strong government commitment
and training programs35.

ii) Thailand’s antibiotic smart use (ASU) program

The ASU program successfully reduced antibiotics for
acute respiratory infections by >30% through nationwide
public campaigns36.

iii) Vietnam’s One Health model

Vietnam’s integrated human-animal surveillance offers a
practical model for Bangladesh37.

iv) India’s Chennai Declaration

A landmark multi-stakeholder roadmap led to improved

national AMR policies and AMS programs (38).

 G ) Future Directions

Future strategies should include genomic surveillance,
rapid diagnostic tests, AI-assisted prescribing, and
expanded research on environmental AMR in rivers, soil,
and sewage systems. Telemedicine may reduce
unnecessary antibiotic use in rural areas.

Conclusion

Antibiotic resistance is a major threat to public health in
developing countries, especially Bangladesh. The crisis
requires a comprehensive, multisectoral approach
involving stewardship, strong regulation, diagnostics
strengthening, IPC, WASH interventions, and public
awareness. Learning from global successful examples and
tailoring interventions to local contexts is essential to
protect antibiotic effectiveness for future generations.
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