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Abstract: Antimicrobial resistance (AMR) is a growing global health threat, particularly in low- and middle-income
countries (LMICs), where educational infrastructures often lack standardized AMR training. This review explores
the current status of AMR awareness modules within education and training programs in Bangladesh, spanning
medical, pharmacy, nursing, veterinary, agriculture, and public health sectors. A comparative analysis was con-
ducted against established AMR educational frameworks and curricula in high-income countries, including Canada,
the United Kingdom, and Australia. Data were synthesized from curriculum documents, WHO guidance, and expert
consultations. The results reveal significant disparities in competency integration, interprofessional education, and
learner engagement. While high-income countries increasingly implement integrated, case-based, and One Health—
aligned AMR training approaches, programs in Bangladesh remain fragmented and inconsistently applied. These
findings underscore the urgent need for curriculum reform, policy alignment, and cross-sectoral collaboration to
embed AMR education in all pre-service training. The insights generated through this study provide a foundation
for the development of AMR curriculum assessment tools and support WHO-led global capacity-building initiatives.
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Introduction
The rising threat of antimicrobial resistance (AMR) has emerged as a significant global public health challenge,
necessitating a multifaceted response that includes effective educational and training programs. In Bangladesh, as in
many low- and middle-income countries (LMICs), the misuse of antibiotics and the lack of comprehensive AMR

awareness among healthcare professionals and allied stakeholders underscore the urgency of integrating targeted AMR
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awareness modules within education and training curricula (Hossain et al., 2024; ,Khurana et al., 2023; . This review
article explores the implementation of such modules, contrasting approaches in Bangladesh with those prevalent in
high-income countries, where structured and resource-intensive educational interventions have been more readily
adopted.

The landscape of AMR in Bangladesh is complex, influenced by factors such as suboptimal prescribing practices in
human health and the widespread use of antimicrobials in animal health settings (Amin et al., 2020). However, a
recurring challenge is the evident gap in knowledge and training among key stakeholders, as demonstrated by
community pharmacists who often exhibit limited understanding of AMR and appropriate antibiotic dispensing
practices (Hossain et al., 2024; . This knowledge deficit is further compounded by systemic issues such as a lack of robust
surveillance mechanisms and inconsistent implementation of national training curricula tailored to the local context
(Khurana et al., 2023; . In contrast, high-income countries have leveraged extensive resources and expertise to develop
comprehensive AMR awareness modules, which include continuous professional development and integration of up-
to-date stewardship practices into both undergraduate and in-service training programs Dhaliwal et al., 2022, Nathwani,
2022).

Moreover, innovative educational frameworks, such as those employing a consensus-based approach to curriculum
development, have recently been proposed and piloted to streamline the inclusion of AMR content in medical and allied
health programs Dhaliwal et al., 2022, Njeru et al., 2023). These frameworks not only facilitate the harmonization of
training practices across varied healthcare settings but also ensure that the curriculum remains adaptive to emerging
scientific evidence and changing policy landscapes (Hrynick et al.,, 2023). By drawing parallels between the resource-
rich environments of high-income countries and the evolving strategies in Bangladesh, this review seeks to elucidate
the critical success factors and contextual challenges that shape the development, rollout, and sustainability of AMR
education and awareness initiatives.

In synthesizing the comparative analysis, it is evident that while high-income countries benefit from institutionalized
support and sustainable investment in AMR education, Bangladesh faces unique challenges that necessitate tailored,
context-specific interventions (Khurana et al., 2023; , Dhaliwal et al., 2022). Addressing these discrepancies through
targeted capacity building, stakeholder engagement, and strategic integration of AMR modules into existing
educational infrastructures is vital for curbing the spread of resistance and ensuring the long-term efficacy of
antimicrobial stewardship efforts (Hossain et al., 2024; , Njeru et al., 2023). The subsequent sections of this review will
critically assess the methodologies employed, outline pilot successes and ongoing challenges, and propose scalable
strategies to bridge the gap between current practices and ideal interventions inspired by high-income country

approaches.

Methodology
This review utilized a structured qualitative methodology to assess the implementation of AMR awareness modules in
education and training programs in Bangladesh, with a comparative lens focused on selected high-income countries.
The methods included document analysis, curriculum mapping, comparative country selection, and, where possible,
expert consultation through key informant interviews. The overall aim was to evaluate the extent of AMR integration
in pre-service education and identify gaps and best practices that may inform policy and curriculum development.
Document Analysis and Curriculum Review
A comprehensive document analysis was conducted to evaluate the presence and scope of AMR-related content in
education and training programs across six sectors in Bangladesh: medical, pharmacy, nursing, veterinary, agriculture,
and public health education. The following sources were systematically reviewed:

¢ National education policy documents
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e Course syllabi and institutional curriculum outlines from major universities and regulatory bodies (e.g., BMDC,
BNC, DTE, UGC)
¢ Guidelines and training materials from the Directorate General of Health Services (DGHS) and relevant
professional councils
e  WHO, FAO, and OIE guidance documents, particularly the WHO Competency Framework for Health Workers’
Education and Training on Antimicrobial Resistance
e Peer-reviewed publications, reports, and grey literature from Bangladesh and global sources
Each curriculum was reviewed to assess the following indicators:
e Inclusion of AMR-related competencies and learning objectives
e Depth of content (stand-alone modules vs. integrated components)
¢ Teaching and learning methods (lecture-based, case-based, simulation, interdisciplinary)
e Assessment strategies used to evaluate student knowledge and skills on AMR
A standardized coding matrix was developed to map curriculum content against the WHO core competencies, enabling
cross-comparison across disciplines and institutions.
Country Selection and Comparative Analysis
Three high-income countries—Canada, the United Kingdom, and Australia—were selected for comparison based on
the following criteria:
e Established national AMR strategies with specific education and awareness objectives
e Documented integration of AMR and One Health principles into medical and allied health curricula
e Availability of public curriculum data and related government/academic publications
Curricula and training frameworks from these countries were analyzed using the same coding matrix developed for
Bangladesh. Specific attention was paid to:
¢ National policies or mandates requiring AMR education in health training
¢ Cross-sectoral or One Health-based educational approaches
¢ Use of interprofessional education (IPE) frameworks
e Mechanisms for continuous curriculum review and update
This comparative analysis aimed to highlight best practices that could be adapted for low- and middle-income countries
(LMICs), particularly within the context of Bangladesh.
Results
Presence and Structure of AMR Content in Bangladeshi Curricula
Across the six analyzed sectors—medicine, pharmacy, nursing, veterinary science, agriculture, and public health—the
presence of AMR-related content in educational curricula in Bangladesh was found to be inconsistent, limited, and
mostly theoretical in nature. In many institutions, AMR was addressed only as a subsection within microbiology,
pharmacology, or pathology courses. There was no formalized AMR module in any of the reviewed undergraduate
programs.
Bangladesh'’s integration of antimicrobial resistance (AMR) content into educational curricula remains fragmented and
underdeveloped across key sectors, with significant gaps in practical training and interdisciplinary alignment. Here’s a
detailed breakdown by sector:
Medical Education
AMR concepts are typically confined to brief mentions in infectious disease or pharmacology lectures, lacking dedicated
modules or clinical case studies. For example, medical students receive minimal exposure to antimicrobial stewardship

(AMS) principles or interprofessional collaboration strategies (Hasan et al., 2021). Unlike high-income countries (HICs),
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where AMR education is mandatory and tied to prescribing competencies, Bangladesh’s programs omit structured
assessments of student knowledge or practices (International Pharmaceutical Federation [FIP], 2020).
Pharmacy Education
While some universities introduce AMS topics, these are neither standardized nor competency-based. The absence of
scenario-based learning or ward-based training contrasts sharply with HIC approaches, which use e-learning platforms
and simulated prescribing exercises (FIP, 2020). A global FIP report highlights the need for curriculum reforms in low-
income countries to include AMS ward rounds and diagnostic stewardship —elements absent in Bangladesh (Canadian
Public Health Network [CPHN], 2021).
Veterinary Science
Although veterinary students demonstrate better AMR awareness than non-medical peers, critical gaps persist. Final-
year students are more likely to misuse antibiotics without instructions, signaling deficiencies in practical training
(Ferdous et al., 2021). The curriculum lacks One Health linkages, such as environmental AMR monitoring, which are
systematically integrated into EU veterinary programs (CPHN, 2021).
Nursing and Public Health
Nursing curricula limit AMR content to basic microbiology, with no modules on infection prevention or stewardship.
Public health programs rarely address AMR’s socioeconomic impacts or primary care strategies, despite World Bank
warnings about AMR-driven poverty risks (World Health Organization [WHO)], 2018). This contrasts with HICs, where
public health degrees emphasize surveillance and community-level behavior change (WHO, 2018).
Agriculture
Agricultural education largely ignores AMR’s connection to livestock antimicrobial use, despite Bangladesh'’s reliance
on aquaculture and poultry. No reviewed programs incorporated guidelines for antibiotic reduction in farming —a
standard practice in HIC agricultural training (CPHN, 2021).
Key Structural Limitations
e Theoretical focus: No sector includes hands-on AMR management or assessments of student competencies
(WHO, 2019).
e Siloed teaching: Disciplines like medicine and veterinary science lack interdisciplinary collaboration, unlike
HIC models that prioritize One Health frameworks (CPHN, 2021).
e Resource gaps: Limited funding and faculty expertise hinder curriculum updates, particularly for emerging
topics like genomic surveillance (CPHN, 2021).
These findings underscore the urgency of adopting WHO-recommended AMR competency frameworks and expanding
partnerships with global bodies like FIP to bridge educational gaps (FIP, 2020; CPHN, 2021).
Comparative Findings with High-Income Countries
The integration of Antimicrobial Resistance (AMR) education within curricula across high-income countries such as
Canada, the United Kingdom, and Australia demonstrates a comprehensive approach that contrasts significantly with
the situation in Bangladesh. In high-income countries, AMR education is systematically embedded within their national
healthcare frameworks, aligning educational competencies related to AMR with strategies provided by the World
Health Organization (WHO) (Silverberg et al., 2017; MacDougall et al., 2017; . For instance, Australia and the UK have
undertaken significant efforts to embed AMR and Antimicrobial Stewardship (AMS) principles into medical curricula
across various health professions, while such integration is notably limited in Bangladesh (MacDougall et al., 2017;
(Njeru et al., 2023).
In high-income countries, educational methodologies to teach AMR are diverse and often interdisciplinary, employing
case-based learning and scenario simulations to promote critical thinking. In contrast, Bangladesh predominantly

utilizes didactic, examination-focused teaching methods (MacDougall et al., 2017; Moran et al., 2015). This difference in
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teaching approaches enhances knowledge acquisition and encourages a more appropriate attitude toward antimicrobial
use among healthcare professionals. Programs incorporating interprofessional education (IPE) facilitate collaborative
learning, fostering a more integrated approach to AMR and AMS (MacDougall et al.,, 2017; Fuller et al., 2022).
Conversely, the lack of such integrated IPE in Bangladesh results in a fragmented AMR education, often lacking
coherent strategies that encompass the One Health approach, which is increasingly recognized in higher-income nations
(Calistri et al., 2013)Hobusch et al., 2024).

Moreover, the One Health principle, which emphasizes the interconnectedness of human, animal, and environmental
health, is integrated within curricula in high-income countries, thereby enriching AMR education (Calistri et al., 2013).
Initiatives in countries like Kenya demonstrate a cascading approach where trained healthcare workers disseminate
AMR knowledge, a strategy that is still largely absent in Bangladesh's fragmented healthcare education system (Njeru
et al., 2023). This lack of coherence in professional training in Bangladesh hampers the effective implementation of AMR
strategies, as emphasized by WHO guidelines that highlight education as a critical intervention in the fight against
AMR (Sakeena et al., 2018).

In summary, the significant integration of AMR education in high-income countries is characterized by structured
educational frameworks that incorporate effective teaching methods, interprofessional collaborations, and
comprehensive One Health strategies. In contrast, Bangladesh faces major challenges in its AMR educational initiatives,
manifesting as insufficient dedicated educational modules, fragmented competencies, and a lack of integrated teaching

methodologies that could enhance understanding and application of AMR principles among healthcare workers.

Table 1. Comparative Overview of AMR Education Practices in Bangladesh and Selected High-Income Countries

Aspect Bangladesh High-Income Countries
AMR Core Competencies Fragmented, often missing Explicit, mapped to national AMR plans
Dedicated Modules Rare Present across disciplines
One Health Integration Absent Widely implemented
Teaching Methodologies Didactic, exam-focused Cjase-ba.sed, interdisciplinary, scenario

simulations

Interprofessional Education (IPE) Limited or absent Integrated, especially in AMR/AMS workshops
Assessment of AMR Competency Minimal Formative and summative assessment practices

In these countries, pharmacy and medical curricula often included AMR case discussions, stewardship protocols, ethics,
and policy analysis, whereas Bangladeshi programs were focused more on memorization of antibiotics rather than
responsible use or resistance mechanisms.
Thematic Gaps Identified in Bangladesh
Three major gaps emerged from the curriculum mapping and interviews with faculty:
e Lack of a National Educational Framework: There is no national guideline or requirement mandating the
inclusion of AMR training in any health-related academic program.
e Poor Linkage Between Sectors: No interprofessional or One Health-based learning exists to connect human,
animal, and environmental health actors —limiting cross-sectoral awareness of AMR.
e Lack of Capacity and Resources: Faculty expressed that even when AMR content was desired, time constraints,

lack of training materials, and insufficient faculty development made it difficult to implement.
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Figure 1. Root Causes of AMR Education Gaps in Bangladesh: A Volcano Model of Systemic Barriers

Discussion
This review underscores the pressing need to strengthen AMR education in Bangladesh through a systems-based,
multisectoral lens. The fragmented nature of current educational content —where AMR appears sporadically and often
superficially across disciplines—reveals a structural deficiency not just in curriculum design but in national policy
alignment.
A key theme emerging from this analysis is the absence of harmonized AMR competencies. Unlike high-income
countries, where AMR training is governed by unified frameworks and embedded in accreditation standards,
Bangladesh lacks a standardized national template for what AMR education should look like across medical, veterinary,
and allied health programs. This contributes to inconsistent teaching, limited faculty preparedness, and minimal
accountability for learning outcomes.
Moreover, the failure to operationalize interprofessional and One Health education deprives students of a broader
understanding of AMR's complexity. High-income countries have made significant progress by incorporating AMR
training into simulation labs, community outreach, and intersectoral projects. Bangladesh, however, remains siloed —
medicine, pharmacy, agriculture, and veterinary training operate in parallel, rarely intersecting in meaningful
educational experiences.
An additional concern is the lack of assessment frameworks. Without formal evaluation of student AMR knowledge,
skills, and attitudes, it's difficult to ensure competency-based education. Bangladesh must move beyond theoretical
coverage and adopt formative and summative assessments aligned with real-world AMR challenges.
Despite these limitations, the pathway forward is clear. Drawing on WHO tools, such as the AMR Competency
Framework, Bangladesh can develop a context-specific, tiered model for AMR training, supported by government
policy, donor investment, and international collaboration. This model must address not only content but delivery,
integration, and institutional buy-in.

Conclusion
The threat of antimicrobial resistance demands an equally coordinated and ambitious response from education systems.
Bangladesh stands at a critical juncture —either continue with fragmented, outdated curricula or reimagine education

as a cornerstone of AMR containment.
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This review makes clear that while high-income countries have begun to institutionalize effective AMR education across
disciplines, Bangladesh is still at the stage of isolated efforts and unscalable pilots. However, this also presents an op-
portunity: to build an innovative, nationally integrated AMR education model from the ground up —one that embraces
One Health, fosters interprofessional collaboration, and aligns with global best practices.

To that end, immediate actions must include: developing a national AMR curriculum guideline, integrating AMR con-
tent into health and agricultural education accreditation frameworks, training faculty in modern pedagogical methods,
and piloting cross-sectoral modules.

Bangladesh's commitment to AMR cannot be measured by policy alone. It must be demonstrated through the classroom,
the clinic, the community —and in the next generation of professionals trained not only to treat infections, but to prevent

resistance from taking root.
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