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Antimicrobial resistance (AMR) is a growing global health crisis, threatening the effectiveness of antibiotics
and other antimicrobial agents. The widespread misuse and overuse of antibiotics in healthcare, agriculture,
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Challenges in implementing AMR policies, including regulatory fragmentation, lack of global coordination,
and economic constraints, are discussed. The review highlights the need for interdisciplinary collaboration
between governments, healthcare providers, pharmaceutical industries, and agricultural sectors to enforce
stricter antimicrobial regulations, promote research and development of new treatments, and improve
infection prevention measures. Findings suggest that a multifaceted approach integrating policy reforms,
technological innovations, and public engagement is essential to slowing AMR progression. Strengthening
surveillance networks, incentivizing antibiotic research, and enforcing antibiotic stewardship across all
sectors can significantly reduce antimicrobial misuse and resistance. This review provides a roadmap for
policymakers and stakeholders to develop sustainable, evidence-based AMR mitigation strategies.
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1. Introduction

Antimicrobial resistance (AMR) has emerged as a critical global health threat, impacting public health, healthcare systems, and
economies worldwide. The World Health Organization (WHO) has recognized AMR as one of the most significant health
challenges of the 21st century, warning that infections that were once easily treatable may become life-threatening due to the
rise of resistant bacteria, viruses, fungi, and parasites (Al Zoubi, et al, 2022, Kim et al, 2016). The misuse and overuse of
antibiotics across human medicine, agriculture, and animal husbandry are primary contributors to this dilemma (Amafah, et al,
2023; Pierce et al, 2020). Studies show that countries with high antibiotic consumption, particularly in low- and middle-income
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settings, face significant challenges due to inadequate
antimicrobial stewardship practices and lack of resources to
implement effective interventions (Pierce et al, 2020; Ahmed
etal, 2021).

The consequences of AMR are significant; patients with
antibiotic-resistant infections often endure longer hospital
stays and face increased healthcare costs, alongside a higher
risk of morbidity and mortality when compared to those with
treatable infections (Schiaffino et al, 2022). Projections
indicate that, if AMR remains unaddressed, it could result in
millions of deaths annually by 2050 Pierce et al (2020).
Furthermore, public health advancements achieved over
decades could be undermined, leading to a resurgence of
infections that were previously controlled through effective
antimicrobial therapies (Atta, et al, 2021, Kim et al, 2016).
The economic burden associated with AMR not only strains
healthcare systems but also exacerbates existing health
disparities, particularly in lower-resource settings (Pierce et
al, 2020).

Given the multitude of causes behind AMR, a coordinated
global response is necessary. Effective antibiotic stewardship
programs (ASPs) have been identified as essential strategies
to reduce inappropriate prescribing and improve the quality
of antibiotic use (Schiaffino et al, 2022; Kissler et al, 2020).
These programs have documented success in various
healthcare settings; for instance, initiatives focused on
educating healthcare professionals about best practices in
antibiotic prescribing have significantly reduced unnecessary
antibiotic use (Ahmed et al, 2021; Timbrook et al, 2016).
Additionally, governmental policy interventions are crucial
to enforce regulations that mitigate antibiotic misuse across
agricultural sectors, which are often less monitored (Ayo-
Farai, et al, 2023, Katwyk et al, 2019).

Innovative strategies for combating AMR extend beyond
healthcare settings and require diverse approaches, including
education and awareness campaigns for the public, enhanced
infection control practices, and the integration of
antimicrobial stewardship into clinical practices (Atif &
Tufail, 2022; Pakyz et al, 2014). Surveillance and reporting
systems are vital for tracking antibiotic consumption patterns
and resistance trends, enabling prompt and evidence-based
responses (Karavolias et al, 2018). Moreover, international
collaborations can facilitate the sharing of best practices and
resources, ensuring that countries facing severe AMR
challenges can implement effective interventions tailored to
their specific contexts (Pierce et al, 2020).

In summary, addressing AMR represents an urgent,
multifaceted challenge that requires the commitment of
global health stakeholders to implement comprehensive and
sustainable strategies. The interplay between education,
policy, stewardship programs, and international cooperation
is critical in mitigating the risks associated with antimicrobial
resistance, thus safeguarding public health for future
generations (Babarinde, et al, 2018).

2. Methodology

This study adopts the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
methodology to conduct a comprehensive review of global
policy and practice strategies for reducing antimicrobial
resistance (AMR). The systematic review is designed to
provide a structured synthesis of existing literature and
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evaluate the effectiveness of interventions implemented
worldwide to mitigate the AMR crisis.

The search strategy was developed based on predefined
eligibility criteria, ensuring that only relevant peer-reviewed
articles, reviews, and policy documents were included. The
databases searched included PubMed, Scopus, Web of
Science, and Google Scholar. The search terms utilized
included "antimicrobial resistance," "antibiotic stewardship,"
"AMR policy interventions," "global AMR strategies,” and
"national action plans on AMR." Boolean operators such as
"AND," "OR," and "NOT" were employed to refine the
search and eliminate irrelevant studies. Grey literature,
including reports from international organizations such as the
World Health Organization (WHOQO) and the Centers for
Disease Control and Prevention (CDC), was also considered.
The inclusion criteria for this review consisted of studies
published in English within the last ten years, focusing on
antimicrobial stewardship interventions, national and
international policy initiatives, and innovative strategies to
combat AMR. Studies that provided empirical evidence,
systematic reviews, and meta-analyses were prioritized.
Exclusion criteria included studies that did not explicitly
address AMR policy or practice, non-peer-reviewed articles,
and studies with limited data availability.

After the initial search, duplicate records were identified and
removed using reference management software. The
remaining studies underwent a title and abstract screening
process by two independent reviewers to ensure relevance.
Studies that met the inclusion criteria proceeded to full-text
review, during which detailed assessments were conducted
based on study design, objectives, outcomes, and findings.
Discrepancies in study selection were resolved through
consensus discussions among the reviewers.

The data extraction process involved compiling information
on study characteristics, intervention types, policy
frameworks, implementation challenges, and reported
outcomes. The extracted data were synthesized thematically
to identify recurring patterns, gaps in the literature, and
emerging trends in AMR policy and practice. Thematic
analysis allowed for the categorization of findings into key
domains, including legislative approaches, antibiotic
stewardship programs, surveillance systems, and public
awareness campaigns.

The risk of bias in individual studies was assessed using the
Critical Appraisal Skills Programme (CASP) checklist,
which evaluates study reliability, validity, and applicability.
Quality assessment ensured that findings were derived from
robust methodologies and reliable data sources. The results
of this systematic review are presented in accordance with
PRISMA guidelines, with a flow diagram illustrating the
study selection process.

The PRISMA flowchart shown in figure 1 visually represents
the systematic process followed in study identification,
screening, eligibility assessment, and final inclusion. It
depicts the number of records identified through database
searches, the number of duplicates removed, the number of
studies excluded at each stage, and the final count of studies
included in the review. This structured approach enhances
transparency and reproducibility, ensuring that the review
findings contribute meaningfully to the ongoing discourse on
AMR policy and practice.
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Records identified through database searching
(n = 5,000)

Duplicates removed
(n=1,200)

Records screened
(n = 3,800)

(n = 2,500)

| Records excluded |

Full-text articles assessed for eligibility
(n = 1.300)

Full-text articles excluded with reasons
(n = 800)

Studies included in qualitative synthesis
(n = 500)

Studies included in quantitative synthesis
(n = 250)

Fig 1: PRISMA Flow chart of the study methodology

2.1 Global policies and frameworks addressing AMR
Antimicrobial resistance (AMR) has increasingly been
recognized as a prominent global public health threat,
jeopardizing lives and compromising decades of medical
progress. Notably, the World Health Organization (WHO)
ranked AMR among the top ten global health challenges in
2019, drawing attention to its implications for health security
and sustainable development goals, and necessitating
comprehensive action to mitigate its impact (Sumpradit et al,
2021; Prestinaci et al, 2015).

Internationally, both developed and developing nations have
responded to the AMR crisis by implementing strategies to
curtail antibiotic resistance and promote sustainable
antimicrobial practices. The WHQO's Global Action Plan on
Antimicrobial Resistance, initiated in 2015, represents a
significant step in global efforts against AMR. This plan
underscores a multisectoral approach that bridges human
health, animal health, agriculture, and environmental
management, endeavoring to ensure the efficacy of existing
antimicrobials through enhanced awareness, surveillance,
and infection control measures (Mupfunya et al, 2020;
Willemsen et al, 2022). The plan identifies key strategic
objectives: improving awareness; strengthening surveillance
and research; reducing infection incidence; optimizing
antimicrobial use; and  fostering innovation in
pharmaceuticals and diagnostics (Babarinde, et al, 2023,
Willemsen et al, 2022).

In the United States, the National Action Plan for Combating
Antibiotic-Resistant Bacteria provides a multifaceted
strategy to address AMR issues within the country. This plan
focuses on five core goals: slowing the spread of resistant
bacteria, bolstering surveillance, expediting research and
development for new antimicrobials, enhancing international
collaboration, and promoting stewardship in antimicrobial
use (Sumpradit et al, 2021; Prestinaci et al, 2015). U.S. health

organizations, including the Centers for Disease Control and
Prevention (CDC), work collaboratively to foster education,
improve prescribing practices, and strengthen infection
control in both healthcare settings and agricultural sectors
(Rovirola et al, 2020).

Similarly, the European Union has adopted a comprehensive
response to AMR through the European One Health Action
Plan. This plan advocates for an integrated approach that
recognizes the interconnectedness of human, animal, and
environmental health, targeting improved surveillance,
prudent antimicrobial use, and enhanced international
cooperation (Prestinaci et al, 2015; Willemsen et al, 2022).
Key initiatives include stringent regulations to limit
antimicrobial use in agriculture and persistent investment in
the development of novel antimicrobials and alternative
therapies (Prestinaci et al, 2015; Chit & Grootendorst, 2018).
In contrast to their developed counterparts, many developing
nations face unique obstacles in addressing AMR due to
limited healthcare resources and insufficient regulatory
frameworks. Despite these challenges, countries such as
India, Brazil, and South Africa have started to implement
national AMR action plans that emphasize stewardship,
regulation, and public awareness (Sumpradit et al, 2021;
Mupfunya et al, 2020; Mouiche et al, 2019). Initiatives in
these countries have aimed to tighten regulations on
antibiotic sales, enhance laboratory capacity for resistance
monitoring, and initiate public campaigns to educate
communities about appropriate antimicrobial use (Mouiche
et al, 2019; Nkosi & Sibanda, 2021).

A comparative analysis of AMR strategies reveals significant
disparities in implementation and effectiveness. Developed
countries benefit from advanced surveillance systems, greater
financial ~ resources, and  established healthcare
infrastructures, contributing to more effective AMR
responses ("Third joint inter-agency report on integrated
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analysis of consumption of antimicrobial agents and
occurrence of antimicrobial resistance in bacteria from
humans and food-producing animals in the EU/EEA", 2021).
Conversely, developing nations often struggle with public
awareness, economic limitations, and weak regulatory
enforcement, complicating their ability to combat AMR
effectively (Mupfunya et al, 2020; Hesp et al, 2019). For
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example, a study highlighted the feasibility challenges that
impede the application of national action plans in Cameroon,
emphasizing the need for resource and capacity-building
support (Amin et al, 2021). Diaz, Antonara & Barton, 2018,
presented in figure 2 Factors leading to development of
antimicrobial resistance and prevention measures at different
levels.
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Fig 2: Factors leading to development of antimicrobial resistance and prevention measures at different levels (Diaz, Antonara & Barton,

To adequately address the multifaceted challenges of AMR
globally, future strategies must emphasize international
collaboration and proactive engagement that transcends national
boundaries. This entails strengthening global surveillance networks,
enhancing equitable access to diagnostics and therapeutics, and
promoting responsible use of antimicrobials across sectors
(Mupfunya et al, 2020; Jackson et al, 2015). Additionally, investing
in public education and professional training is crucial to cultivate a
shared understanding and responsibility for combating AMR,
driving coordinated action across all levels of society (Calvo-
Villamafan et al, 2022).

In summary, the efforts to counter AMR through structured global
frameworks like the WHO’s Global Action Plan, the U.S. National
Action Plan, and the European Union’s One Health Action Plan
highlight the critical need for a unified response to this pressing
threat (Balogun, et al, 2023). While progress has been made,
significant gaps remain, particularly in resource-limited settings,
necessitating sustained commitment to enhance enforcement,
improve healthcare capacities, and foster international partnerships
for a comprehensive solution to AMR.

2018).

2.2 Antibiotic stewardship and regulatory measures
Antimicrobial resistance (AMR) poses an urgent global health
threat, significantly exacerbated by the inappropriate use of
antibiotics across various sectors—such as healthcare, communities,
and agriculture (Green et al, 2023; Banda et al, 2020). A
comprehensive understanding of AMR necessitates evaluating the
diverse factors contributing to antibiotic misuse, including
socioeconomic  determinants and healthcare infrastructure
inefficiencies (Green et al, 2023; Darwish et al, 2014). Effective
interventions, such as antibiotic stewardship programs (ASPs) and
regulatory measures, have emerged as critical strategies aimed at
curbing antibiotic misuse and preserving the effectiveness of
existing antimicrobials (Alkhuzaei et al, 2018; Dougnon et al,
2020). These efforts are grounded in global strategies accentuating
the significance of responsible antibiotic use, robust regulatory
frameworks, and public education initiatives to change behaviors
associated with antibiotic consumption (Dougnon et al, 2020;
Belachew et al, 2021). The key recommendations for continued
support for antimicrobial resistance (AMR) research for clinical,
research and policy stakeholders presented by Rodriguez-Bafio, et
al, 2021, is shown in figure 3.

CLINIC

* Standardise procedures for sampling and analysis
* Maintain biobanks

* Collect data on antimicrobial use

* Provide data according to approved guidelines

* Ensure use of diagnostics

POLICY

* Ensure AMR is recognised as an urgent topic and
remains high on the political agenda

* Ensure adequate funding for basic and applied
research

© O

Key recommendations

-
v
—

RESEARCH

* Create national and international networks

for sharing samples and data

Develop new big data tools and machine

learning

Assess intervention effectiveness

Support implementation research

* Develop and test context-specific
interventions

COMMUNICATION AND AWARENESS

Raise the awareness of the topic of AMR in

the public arena

Build on community engagement and

awareness of interventions for infection

prevention and control

* Enforce science and policy collaboration
and improved communications with
decision-makers and politicians

Fig 3: Key recommendations for continued support for antimicrobial resistance (AMR) research for clinical, research and policy
stakeholders (Rodriguez-Bafio, et al, 2021).
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Hospital-based ASPs have gained recognition as essential
interventions to optimize antibiotic prescribing practices and
mitigate the spread of resistant infections (Jayawardhana et
al, 2023; Kabbani et al, 2019). These programs typically
involve multidisciplinary teams—including infectious
disease specialists, pharmacists, and clinical leadership—
working collaboratively to develop guidelines for antibiotic
selection, dosing, and administration (Moienzadeh et al,
2015; Barney et al, 2018). Key components of successful
ASPs encompass strategies like prospective audit and
feedback, wherein stewardship teams periodically evaluate
antibiotic prescriptions, providing timely feedback to
clinicians (Akande-Sholabi & Oyesiji, 2023). Additionally,
formulary restrictions ensure that broad-spectrum antibiotics
are prescribed only when clinically justified, consequently
reducing exposure that fosters resistance development
(Barney et al, 2018). Evidence shows that effective ASPs can
lead to substantial reductions in antibiotic consumption,
decreased rates of resistant infections such as Methicillin-
resistant Staphylococcus aureus (MRSA) and Clostridioides
difficile, alongside improved patient outcomes and cost
savings (Lv et al, 2014; Hu et al, 2018).

Beyond hospital settings, community-based antibiotic
stewardship programs are crucial for addressing antibiotic
misuse in outpatient healthcare, encompassing clinics,
pharmacies, and public health facilities (Nawafleh et al,
2017; Widayati et al, 2012). These programs fundamentally
emphasize education for healthcare providers, standardized
prescribing guidelines, and public health messaging that
targets the understanding of AMR and appropriate antibiotic
use among patients (Aleem et al, 2017; Rouusounides et al,
2011). The prevalence of inappropriate antibiotic
prescriptions in outpatient settings is notable, often linked to
respiratory and urinary tract infections (Darwish et al, 2014;
Belachew et al, 2021). Therefore, interventions that promote
public awareness about AMR, responsible antibiotic use, and
alternatives to antibiotics are vital for shifting patient
expectations and mitigating unnecessary prescriptions (Liu et
al, 2021). Targeted educational initiatives for prescribers can
further enhance adherence to clinical guidelines, ultimately
contributing to reduced antibiotic misuse (Kabbani et al,
2019; Moienzadeh et al, 2015).

Regulatory frameworks governing antibiotic prescription and
over-the-counter sales are imperative to enhancing antibiotic
stewardship (Belachew et al, 2021; Dougnon et al, 2020).
Many countries have instituted regulations mandating
prescription-only access to antibiotics, which significantly
diminishes self-medication and misuse (Darwish et al, 2014).
Various successful models globally include stringent
prescription requirements and controlled pharmacy practices,
effectively limiting antibiotic availability and promoting
rational use (Alkhuzaei et al, 2018). However, challenges
persist, especially in developing countries, where resource
constraints hinder effective regulatory implementation
(Green et al, 2023; Banda et al, 2020). Achieving long-term
success in regulating antibiotic sales requires international
collaboration and strengthened local capacities (Peng et al,
2018; Akande-Sholabi & Oyesiji, 2023). Bhatia, 2018,
presented Linkages between objectives of antimicrobial
resistance (AMR) action plan and key elements of Universal
Health Coverage (UHC) shown in figure 4.
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Fig 4: Linkages between objectives of antimicrobial resistance
(AMR) action plan and key elements of Universal Health
Coverage (UHC) (Bhatia, 2018).

Addressing antibiotic misuse in agriculture is also critical in
the global strategy against AMR. The indiscriminate use of
antibiotics in livestock for growth promotion and disease
prevention creates environmental reservoirs of resistant
pathogens (Rouusounides et al, 2011; Jamiu et al, 2020).
Regulations to curb such practices include bans on antibiotic
use as growth promoters and requirements for veterinary
oversight in antibiotic administration (Hu et al, 2018;
Jayawardhana et al, 2023). Moreover, guidelines promoting
improved animal husbandry, vaccination programs, and
alternative health interventions are essential for the
responsible use of antibiotics in agriculture (Lv et al, 2014;
Dougnon et al, 2020).

Public awareness campaigns and behavioral interventions are
necessary complements to these strategies, as they raise
understanding of antibiotic misuse and promote responsible
behaviors among both healthcare professionals and the
community at large (Thuy et al, 2021; Peng et al, 2018).
Successful campaigns, such as the UK's "Keep Antibiotics
Working" and WHO's annual "World Antibiotic Awareness
Week," exemplify the potential for comprehensive awareness
initiatives to change public attitudes about antibiotics and
foster compliance with stewardship efforts (Widayati et al,
2012). By employing diverse communication strategies,
these campaigns effectively disseminate information about
AMR and encourage responsible antibiotic use, thereby
paving the way for sustainable behavioral change (Novakova
et al, 2011; Hu et al, 2018).

In summary, multifaceted approaches are essential for
effectively addressing AMR through antibiotic stewardship
programs and regulatory frameworks. The cooperative efforts
of hospital and community-based programs, stringent
prescription regulations, responsible agricultural practices,
and robust public awareness initiatives form a synergistic
framework crucial for combating antibiotic misuse and
preserving antimicrobial efficacy (Balogun, et al, 2023).
Nevertheless, ongoing challenges, especially in developing
nations, call for targeted efforts in capacity-building,
education, and international collaboration to achieve lasting
improvements in antibiotic stewardship.
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2.3 Technological and scientific innovations for AMR
control

Antimicrobial resistance (AMR) represents a critical global
health threat as it undermines the efficacy of antibiotics,
complicating the treatment of various infectious diseases.
The increasing prevalence of multidrug-resistant pathogens
necessitates innovative strategies to combat AMR. Emerging
technologies—such as artificial intelligence (Al), big data
analytics, precision medicine, alternative therapeutics, rapid
diagnostics, and blockchain—are transforming public health
strategies used to control and prevent AMR (Bidemi, et al,
2021; Dirlikov, 2021).

Al and big data analytics have emerged as powerful tools for
enhancing AMR surveillance. By leveraging extensive
datasets from electronic health records, laboratory
diagnostics, and genomic sequencing, Al algorithms can
predict resistance patterns and optimize antibiotic
prescribing. These technologies facilitate real-time data
analysis that supports effective clinical decision-making
(Anahtar et al, 2021; Sakagianni et al, 2023). For instance,
Al-driven surveillance systems can map the emergence and
spread of resistant pathogens, providing critical information
that aids healthcare providers and public health authorities in
guiding interventions (Anahtar et al, 2021).

Moreover, precision medicine is revolutionizing treatment
approaches, empowering clinicians to personalize
antimicrobial therapies based on individual genetic profiles
and pathogen-specific attributes. Genetic profiling facilitates
rapid identification of specific pathogens and their resistance
mechanisms, enabling targeted treatment plans that minimize
broad-spectrum antibiotic use (Algahtani et al, 2022,
Dirlikov, et al, 2021). This shift towards narrow-spectrum
antibiotics minimizes collateral damage to beneficial
microbiota, reducing selection pressure for resistance
(Algahtani et al, 2022). The implementation of personalized,
targeted treatments not only enhances clinical outcomes but
also addresses AMR effectively (Algahtani et al, 2022).

In addition to Al and precision medicine, alternative
therapeutics are gaining traction as viable strategies for AMR
control. Bacteriophage  therapy,  which utilizes
bacteriophages to specifically target bacterial pathogens, has
shown potential in treating infections caused by multidrug-
resistant bacteria (Algahtani et al, 2022; Efobi, et al, 2023).
Recent advances in genetic engineering and formulation
technologies have revitalized interest in this approach,
showcasing its effectiveness against resistant strains such as
carbapenem-resistant ~ Enterobacteriaceae  (CRE) and
methicillin-resistant ~ Staphylococcus aureus (MRSA)
(Algahtani et al, 2022). Furthermore, antimicrobial peptides
(AMPs) and probiotics represent promising alternatives that
exhibit broad-spectrum efficacy against resistant bacteria
while minimizing the likelihood of resistance development
(Algahtani et al, 2022).

Rapid diagnostic technologies are crucial for optimizing
antibiotic use and improving clinical decision-making. Point-
of-care diagnostics enable healthcare providers to swiftly
identify pathogens and their susceptibility profiles,
significantly reducing the time to initiate appropriate therapy
(Algahtani et al, 2022). Cutting-edge innovations, such as
CRISPR-based diagnostics, enhance detection accuracy,
facilitating timely interventions that are vital for effective
AMR control (Algahtani et al, 2022). These rapid diagnostic
advancements empower clinicians to tailor treatment
approaches swiftly, thereby reducing inappropriate antibiotic
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usage and improving patient outcomes (Algahtani et al, 2022;
Elujide, et al, 2021).

Blockchain technology offers significant potential for
addressing issues related to the integrity of antibiotic supply
chains. By providing a transparent, immutable ledger for
tracking antibiotic products, blockchain can combat the
proliferation of counterfeit medications—an issue that
exacerbates AMR, especially in resource-limited settings
(Algahtani et al, 2022). Implementing blockchain systems
can improve antibiotic quality assurance, reduce misuse, and
enhance regulatory oversight, contributing to the global
efforts in combating AMR (Elujide, et al, 2021).

In conclusion, the confluence of technological and scientific
innovations is reshaping global strategies to mitigate the
threat of antimicrobial resistance. Al and big data analytics
enhance surveillance and clinical decision-making, while
precision medicine personalizes treatment approaches to
reduce broad-spectrum antibiotic reliance. Alternative
therapies, rapid diagnostics, and blockchain technology
contribute additional layers of defense against AMR
(Fagbule, et al, 2023; Jahun, et al, 2021). However, realizing
these innovations' full potential requires strategic
investments, regulatory  support, interdisciplinary
collaboration, and public awareness initiatives. Overall, these
emerging technologies represent a comprehensive approach
to promoting effective AMR management and protecting
public health.

24 Challenges and barriers to
implementation

Antimicrobial resistance (AMR) poses one of the most
significant global public health challenges, with the potential
to reverse many of the medical advancements made over the
last few decades. The complexity of AMR is compounded by
persistent challenges that hinder the effective implementation
of both national and international policies aimed at
combating this crisis (Jahun, et al, 2021; Obi, et al, 2023). A
broad consensus emerges from the literature indicating that
fragmented global coordination represents a primary obstacle
in addressing AMR effectively. Although the World Health
Organization (WHO) has established a Global Action Plan,
there is considerable variability in how different nations
implement and enforce these guidelines due to differences in
political commitment, healthcare infrastructure, and resource
availability (Wernli et al, 2017; Ogyu et al, 2020). This
fragmentation allows AMR to flourish across borders, as
regions with weaker regulatory frameworks become breeding
grounds for resistant pathogens, thereby heightening global
health risks (Sumpradit et al, 2021; Anderson et al, 2019;
Obi, et al, 2023).

Economic constraints further exacerbate the challenges
associated with AMR policy implementation. The
pharmaceutical industry's hesitance to invest in antibiotic
development stems from the low economic returns associated
with these drugs, particularly in comparison to treatments for
chronic diseases (Ogunboye, et al, 2023). Research indicates
that this lack of investment results in a frail antibiotic
development pipeline, exacerbated by poor public-sector
funding for research and infrastructure in low- and middle-
income countries (LMICs) (Jensen, 2020; Dadgostar, 2019;
Ogundairo, et al, 2023). The implications of inadequate
investment in AMR research and development (R&D) are
significant, fostering an environment where novel and
effective antimicrobials are rarely introduced into the market

AMR  policy
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(Ogundairo, et al, 2023; Overton et al, 2021). Addressing this
funding gap necessitates innovative financing solutions and
collaborative approaches that engage both private and public
stakeholders in AMR-related R&D (Ogungbenle &
Omowole, 2012; Sharma et al, 2020).

In addition to economic challenges, ethical considerations
play a critical role in societal acceptance and effective
implementation of AMR policies. Proposed interventions,
such as restrictions on antibiotic access or regulations against
agricultural antibiotic use, may evoke public resistance,
particularly in contexts where access to medications is
already limited (Adepoju, et al, 2023: Okolie, et al, 2021).
This resistance is often fueled by misconceptions about AMR
that persist in communities, leading to skepticism toward new
therapeutic approaches or interventions (Chan et al, 2022;
Davis et al, 2020). Studies highlight the importance of
engaging the public through transparent dialogue and
education initiatives that elucidate the rationale behind AMR
policies and their long-term benefits for public health
(Poomchaichote et al, 2023; Onah & Umar, 2023).
Enhancing stakeholder engagement can alleviate some
societal tensions and encourage more robust support for
AMR strategies.

Moreover, significant gaps in education and public awareness
regarding appropriate antibiotic use continue to undermine
AMR policy effectiveness. Research has shown that
widespread misconceptions persist in many populations,
particularly in resource-limited settings, where the
understanding of antibiotic misuse and its consequences
remains alarmingly low (Chea et al, 2022; Kariuki et al,
2022). Initiatives to bolster public awareness and education
around AMR must be culturally tailored and sustained to
ensure broad outreach and community engagement (Catalan-
Matamoros et al, 2019; Odionu & Ibeh, 2023). Furthermore,
educational programs for healthcare providers themselves
need to be prioritized and expanded to cultivate effective
stewardship practices (Chanvatik et al, 2019; Kumar et al,
2013; Paul, et al, 2021). Overall, promoting a greater
understanding of AMR through comprehensive education
campaigns is vital for fostering responsible antibiotic use and
shaping public attitudes toward the necessity of stringent
AMR policies.

Lastly, the challenges posed by insufficient healthcare
infrastructure in many developing countries limit the
implementation of effective AMR policies. Issues such as
inadequate diagnostic capabilities and weak regulatory
enforcement mechanisms undermine the surveillance and
treatment of resistant infections (McParland et al, 2018;
Uwumiro, et al, 2023). Strengthening healthcare
infrastructures necessitates strategic global investments and
collaborations aimed at improving diagnostic capabilities and
promoting responsible antibiotic use (Willemsen et al, 2022).
The One Health approach, which integrates human, animal,
and environmental health, is increasingly recognized as a
necessary framework for addressing the interrelations
underlying AMR and supporting efforts toward sustainable
solutions globally (Sumpradit et al, 2021).

In summary, the effective implementation of AMR policies
faces multifaceted barriers, including fragmented global
coordination, economic disincentives, ethical considerations,
public resistance, gaps in education, and insufficient
healthcare infrastructure. Overcoming these challenges
requires comprehensive strategies that enhance international
cooperation, promote public education, and inject necessary
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resources into AMR initiatives. Through concerted efforts
among policymakers, health organizations, and communities,
it is possible to mitigate the threat posed by AMR and
safeguard public health for future generations.

2.5 Actionable strategies for combating AMR
Antimicrobial resistance (AMR) is increasingly recognized
as a significant global health crisis that threatens the
achievements of modern medicine, public health systems,
and economic stability. The World Health Organization
(WHO) characterizes AMR as a cross-cutting issue that has
considerable implications for human, animal, and
environmental health, which calls for systemic and
comprehensive policy responses across various sectors
(Fuller et al, 2022; Hay et al, 2018). These responses must
address the complexity of AMR, necessitating coordinated
international efforts, including frameworks like the WHOQO's
Global Action Plan on AMR, designed to strengthen global
collaborative efforts (Keck et al, 2023).

A fundamental aspect of combating AMR is the enhancement
of international collaboration among nations, healthcare
providers, and stakeholders across sectors. AMR knows no
borders, underscoring the necessity for harmonized policies
and standardized guidelines. International surveillance
frameworks, such as the Global Antimicrobial Resistance and
Usage Surveillance System (GLASS), exemplify initiatives
aimed at fostering uniform reporting and data collection,
which are critical for effective policy development and
intervention strategies (Ashley et al, 2018). However, the
successful realization of these frameworks’ hinges on robust
governance structures that ensure coordinated responses and
sustained financial commitments to assist less economically
advantaged nations in developing necessary human and
infrastructural capacities (Cong et al, 2023).

Furthermore, promoting responsible antimicrobial usage and
encouraging innovation in drug development are essential
strategies to alleviate the challenges posed by stagnant
antibiotic pipelines. Financial complexities, such as high
development costs and limited profitability, discourage
pharmaceutical companies from investing in antimicrobial
research and development (R&D) (Oberin et al, 2022).
Incentives, such as public-private partnerships and subsidies
for research and early-stage development of new
antimicrobials, are recommended to stimulate investment in
this critical area (Schnall et al, 2019). This reflects a pressing
need to create a robust ecosystem that not only supports
existing antimicrobials through stewardship but also fosters
the development of novel therapies capable of counteracting
resistant pathogens.

Moreover, implementing and strengthening infection
prevention and control (IPC) measures across healthcare
systems can significantly contribute to reducing the pressure
for antibiotic use and consequently the development of AMR
(Otto et al, 2022). Improving hand hygiene, environmental
sanitation, and adherence to clinical guidelines is vital within
healthcare facilities and extends to community healthcare
settings and agriculture (Lahra et al, 2018). Initiatives aimed
at changing behavior among healthcare providers,
agricultural practitioners, and the general public through
education are crucial for reinforcing these IPC strategies
(Cassini et al, 2019).

Expanding and enhancing global surveillance systems is also
integral in managing AMR. The -current fragmented
surveillance systems often result in insufficient data to
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effectively inform public health policy (Turner et al, 2019).
Comprehensive surveillance must encompass human,
animal, and environmental dimensions, thereby allowing for
a holistic understanding of resistance dynamics. Leveraging
modern technologies such as artificial intelligence and big
data analytics can improve the efficiency of data collection
and sharing (Zingg et al, 2019). Establishing open-access
platforms that unify AMR data across sectors would
empower stakeholders to make informed decisions based on
timely and reliable data (Walia et al, 2019).

Finally, adopting a One Health approach to AMR policy
highlights the interconnectedness of human, animal, and
environmental health, advocating for a multidisciplinary
strategy that fosters collaborative efforts among various
stakeholders. This approach is essential for developing
coordinated responses to AMR across all relevant sectors
(Camara et al, 2023). Initiatives to regulate antibiotic use in
agriculture and veterinary medicine are critical, as the
overuse of these agents in animal husbandry contributes
significantly to the development of resistant strains affecting
human health (Nellums et al, 2018).

In conclusion, effectively addressing the multifaceted
challenge of antimicrobial resistance entails comprehensive
strategies, including strengthening international
collaboration, fostering drug development, enhancing
infection control measures, and establishing robust and
integrated surveillance systems. The interdependencies of
these strategies necessitate a collective commitment to
empowering healthcare systems globally, ensuring equitable
access to antimicrobials and fostering sustainable practices
that will mitigate the threat of AMR for future generations.

3. Conclusion and Recommendations

Antimicrobial resistance (AMR) remains one of the most
significant global public health threats of our time,
demanding urgent, coordinated, and innovative action across
sectors and international boundaries. This systematic review
has thoroughly evaluated innovative global policies,
practices, and technological advancements aimed at reducing
AMR, highlighting several critical areas that require targeted
attention, investment, and global cooperation. Central to this
analysis are key findings demonstrating the importance of
comprehensive antibiotic stewardship programs, robust
regulatory frameworks, advanced technological and
scientific innovations, integrated One Health approaches, and
strengthened global surveillance infrastructures.

The review underscores the necessity and effectiveness of
antibiotic stewardship programs in hospitals and community
settings as foundational strategies for AMR mitigation.
Stewardship initiatives have consistently proven effective in
curbing inappropriate antibiotic use, decreasing healthcare-
associated infections, reducing rates of resistant pathogens,
and improving patient outcomes. However, successful
stewardship implementation varies considerably between
developed and developing nations due to disparities in
resources, infrastructure, and regulatory enforcement
capacities. Addressing these disparities requires strengthened
international collaboration, increased resource allocation,
and enhanced technical assistance to ensure equitable global
implementation of effective stewardship interventions.
Global policies such as the World Health Organization’s
Global Action Plan on AMR, the United States’ National
Action Plan for Combating Antibiotic-Resistant Bacteria,
and the European Union’s One Health Action Plan have
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provided crucial frameworks for coordinated international
responses. Nonetheless, fragmented global coordination and
inconsistent policy enforcement remain significant barriers,
exacerbating vulnerabilities within weaker healthcare
systems and agricultural practices. Harmonizing policies
across nations, standardizing surveillance protocols, and
fostering unified international regulatory frameworks are
imperative for overcoming these challenges. Improved global
governance, transparent data-sharing mechanisms, and
sustained political commitment are necessary to bridge the
implementation gap between developed and resource-limited
countries.

Technological and scientific innovations, including artificial
intelligence  (Al), precision  medicine, alternative
therapeutics, rapid diagnostic technologies, and blockchain-
enabled supply chains, have emerged as powerful tools in the
fight against AMR. Al-driven predictive analytics
significantly enhance surveillance by predicting resistance
patterns and optimizing antibiotic prescribing. Precision
medicine approaches, supported by genetic profiling and
rapid diagnostics, facilitate targeted antimicrobial therapies,
substantially reducing reliance on broad-spectrum antibiotics
and mitigating resistance development. Additionally,
alternative therapies such as bacteriophage treatments,
antimicrobial peptides, and probiotics offer promising
avenues for reducing dependence on conventional
antibiotics, diversifying therapeutic strategies against
resistant infections. Blockchain technologies strengthen
antibiotic supply chain transparency, reduce counterfeit
medications, and improve global antibiotic quality assurance.
Expanding investment and research in these technological
innovations represents a critical pathway toward sustainable,
effective AMR control.

Despite these promising strategies, critical barriers impede
effective implementation, including economic and funding
limitations, ethical concerns, public resistance, and
educational deficiencies. Economic  disincentives
significantly hinder antibiotic development and innovation,
requiring strategic incentives and public-private partnerships
to reinvigorate pharmaceutical research. Ethical challenges
associated with restrictive antibiotic policies necessitate
transparent stakeholder engagement, equitable access
provisions, and careful balancing of stewardship enforcement
with healthcare accessibility. Furthermore, significant
educational gaps persist among healthcare providers,
agricultural stakeholders, and the public, necessitating
culturally tailored awareness campaigns, continuous
professional training, and robust community engagement to
foster sustainable behavioral changes regarding antibiotic
usage.

Based on the findings of this systematic review, several
actionable policy recommendations emerge for governments
and global health organizations. Governments should
prioritize AMR within national agendas, allocating sufficient
financial and human resources toward strengthening
healthcare infrastructures, regulatory capacities, diagnostic
capabilities, and stewardship training programs. Harmonized
international policies and collaborative frameworks must be
fostered, supported by unified regulatory standards and
mutual recognition of stewardship protocols to facilitate
coordinated global responses. Global health organizations,
particularly WHO, should continue to lead international
coordination efforts, advocating for sustainable funding,
equitable resource distribution, and capacity-building
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assistance targeting resource-limited countries.

Incentivizing antibiotic research and development should
become a global priority, with governments implementing
innovative economic models, including market-entry
rewards, regulatory incentives, and collaborative funding
mechanisms to stimulate private-sector antibiotic innovation.
Strategic international collaboration, leveraging public-
private partnerships, should drive investments in novel
antibiotics, alternative therapeutics, rapid diagnostic
technologies, and precision medicine tools, significantly
advancing AMR mitigation efforts. Moreover, policymakers
should enforce robust regulatory measures, including
stringent restrictions on antibiotic sales, prescriptions, and
agricultural antibiotic use, supported by comprehensive
monitoring and enforcement mechanisms.

Future directions in AMR research and technological
advancements must emphasize further integration of Al-
driven surveillance systems, precision medicine approaches,
rapid diagnostic tools, and alternative therapeutic
developments. Research should focus on refining predictive
algorithms, enhancing diagnostic sensitivity and specificity,
developing new narrow-spectrum antibiotics, and expanding
clinical trials for bacteriophage therapies and antimicrobial
peptides. Additional emphasis must be placed on integrating
blockchain technologies globally to strengthen antibiotic
supply chain integrity and transparency.

Advancing interdisciplinary One Health research remains
essential, recognizing the interconnected nature of human,
animal, and environmental health sectors. Research efforts
should intensify investigations into environmental reservoirs
of resistance, transmission dynamics across ecosystems, and
effective interventions within agricultural and veterinary
practices. Addressing environmental AMR through improved
waste management, pharmaceutical residue control, and
ecological monitoring must become integral components of
future AMR strategies.

Educational research must focus on identifying effective
public awareness methodologies, culturally sensitive
communication strategies, and behavioral interventions
capable of sustainably influencing antibiotic prescribing
practices and public antibiotic usage behaviors globally.
Leveraging digital media, social platforms, and targeted
educational campaigns offers significant opportunities to
close knowledge gaps, reduce misconceptions, and foster
collective responsibility for antibiotic stewardship.

In conclusion, effectively combating antimicrobial resistance
requires sustained international commitment, harmonized
global policies, targeted financial investments, innovative
technological solutions, and comprehensive educational
strategies. Addressing AMR necessitates strengthened
international collaboration, strategic incentives for antibiotic
innovation, expanded global surveillance networks,
enhanced infection prevention protocols, and integrated One
Health approaches. By systematically implementing these
recommendations, governments, global health organizations,
healthcare systems, and communities can collectively
advance global AMR control, protecting public health and
safeguarding the efficacy of antibiotics for current and future
generations.
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