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Abstract

Introduction: Antimicrobial resistance (AMR) poses a major global health threat that requires coordinated
international strategies to limit its spread and impact. Scientific approaches, including surveillance, innovative drug
development, and stewardship programs, are essential to address the biological complexity of resistance. At the same
time, economic and social dimensions—such as healthcare costs, access to medicines, and public awareness—must
be integrated into global efforts to achieve sustainable solutions.

Objective: To describe the global strategies, scientific approaches, socioeconomic aspects of AMR

Materials and Methods: A systematic review of the literature was carried out, drawing on peer-reviewed
publications from medical and public health databases such as PubMed, Google Scholar, and EBSCO, along with
WHO reports, epidemiological data, and recent studies on AMR patterns and antibiotic prescribing practices. The
analysis centered on global developments, with particular attention to Central Asia, especially Kazakhstan and its
neighboring states.

Results: Limited surveillance systems and inconsistent data collection hinder accurate assessment of AMR trends
in Kazakhstan and neighboring countries. Socioeconomic factors, such as self-medication, over-the-counter antibiotic
sales, and low public awareness, exacerbate the problem. Strengthening stewardship programs, improving
diagnostics, and enhancing international collaboration are critical for reducing the spread of AMR.

Conclusion: Findings emphasize the urgent need for coordinated global strategies, evidence-based policies, and
context-sensitive interventions to address inappropriate antibiotic use and strengthen resistance surveillance.
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Besepenune: AHTUMukpobHas pesucteHTHOCTb (AMP) npencTaBnset cobon cepbé€sHyro rnobanbHylo yrposy Ans
300poBbsi, TPeOyIoLLy0 CKOOPAMHWMPOBAHHBIX MEXAYHApPOAHbIX CTpaTeruit Ans OrpaHuueHns eé pacnpocTpaHeHus W
nocneacTeui. HaydyHble NOAXOAbl, BKYAs 3NMOEMUONOTMYECKMA Hapg3op, pa3paboTKy MHHOBALMOHHBIX MPenapaTos W
nNporpaMMbl PaLMOHANbHOMO UCMOMb30BAHNA aHTUOMOTUKOB, UMEIOT KIKOYEBOE 3HAYeHue ANs peleHus Gronornyeckon
CMOXHOCTM PE3UCTEHTHOCTW. B TO ke Bpems SKOHOMMYECKME W COuMarnbHble acnekTbl — Takue Kak pacxogpl Ha
30paBoOXpaHeHue, AOCTYM K fekapcTBam M MH(OPMUPOBAHHOCTb HAceneHns — [OMKHbl OblTb MHTErpupoBaHbl B
rnobanbHble yeunus Ans JOCTUXKEHWS YCTONUMBBIX PELLEHMIA.

Llens: OxapakTtepu3oBaTb rnobanbHble CTpaTerin, HayuHble NOAXoabl 1 CoLManbHO-3KoHoOMMYeCkue acnekTsl AMP.

Matepuanbl U metoabl: Bbin npoBedéH cuctemaTiyeckuii 0630p nuTepaTypbl C UCMONb30BAHNEM PeLiEH3NPYeMbIX
nybnukaumin u3 MeUUMHCKUX W 0BLLECTBEHHO-30paBOOXpaHuTENbHbIX 6a3 aanHbIx (PubMed, Google Scholar, EBSCO), a
Takke otyétoB BO3, anugemmonornuyecknx AaHHbIX M COBPEMEHHbIX WccregoBaHui no AuHamuke AMR w npaktuke
Ha3HaueHnst aHTMBMOTIKOB. AHanu3 Bbin cocpesoToyeH Ha rmobanbHbIX TEHAEHUMAX € 0COObIM aKkLeHTOM Ha LieHTpanbHyio
Asnio, Brrtoyas KasaxcraH 1 conpegenbHble CTpaHbl.

PesynbTatbl: OrpaHnyeHHble CUCTEMbI HAA30Pa W HenocneaoBaTeNbHbIA CO0P AaHHBIX MPENATCTBYIOT TOYHOW OLIEHKE
TeHgeHumnin AMR B KasaxctaHe u cocegHux rocyaapcraax. CoLmanbHo-9KOHOMMYECke akTopbl, Takue Kak camoneyeHue,
npogaxa aHTMbuoTukoB 63 peuenTa M HU3kas MH(OPMMPOBAHHOCTb HaceneHus, ycyrybnsiwot npobnemy. Ycunenwe
nporpaMM  paLMOHaNbHOrO  MCMONb30BaHWS, COBEPLUEHCTBOBAHME AMArHOCTWKM W PacLUMPeHne  MEXOyHapoaHoro
COTPYAHWNYECTBA UMEIOT peLuatoLLiee 3HaueHre Ans CHKeHus pacnpocTpaHenus AMR.

3akntoyeHune: [lonyyeHHble AaHHble MOAYEPKMBAIOT OCTPYD HEOBXOAMMOCTb B COMMACOBaHHbIX rnobarnbHbIX
CTpaTermsx, OCHOBAHHbIX Ha [OKa3aTenbHOW MOMUTUKE M adanTUMPOBAHHBLIX K PErvoHanbHOMY KOHTEKCTY Mepax ans
NpeLoTBPALLEHNS HEPaLMOHANBHOMO MPUMEHEHNS aHTUBWMOTUKOB 1 YKPENMEHUS CUCTEMbI HA30pa 33 PE3NCTEHTHOCTbIO.

Kntoyesbie crnosa: aHmumukpobHas pesucmeHmHocmb, 2nobanbHas cmpameausi, payuoHaibHoOe UCNOoIb308aHuUe
aHmubuomukos.
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Kipicne: AHTUMMKPOOTBIK, pesucTeHTTinik (AMP) — OHbIH, TapamyblH XsHe cangapblH LeKkTey yLWiH yinecTipinreH
Xanblkapanblk, cTpaternsnapgbl Tanan €TeTiH AeHCaynblkKa TOHreH MaHbl3dbl XahaHAblK KaTtep. fbinbiMu Tacingep,
COHbIH, iLLiHAE 3NMAEMMONOTUANbIK Kadafranay, UHHOBALMSNbIK npenapaTTapabl 93ipney aHe aHTUOMOTUKTEPAI yTbIMAb
nanganady 6argapnamanapbl pe3vCTEHTTINIKTIH, OMONOrMANbIK KypaeniniriH eHcepyae wellywi pen atkapagbl. CoHbIMEH
Oipre [feHcaynblk cakTay LUblFbiHOAPbl, A9Pi-A3PMEKKE KOMKETIMAINIK XoHE XamnbiKTblH, Xabapaaprblebl CUAKTHI
9KOHOMMKANbIK XaHe aneyMeTTIK Kblprnap TypakThl LWeLliMaepre KoM XeTKidy yLUiH XanaHablk, KyLU-Xirepre eHrisinyi Tuic.

Makcar: AMP-abiH, XanaHZblk, CTpaTerusnapbiH, FblbIMU TaCINAEPiH XKaHE aNeyMeTTIK-3KOHOMMKATbIK, KblprapblH
cunarray.

Matepuanpap meH agictep: 9aebueTke xyiieni Wony xyprisinin, MeQuUMHanNbIK XaHe KOFaMblk, AEHCaYNbIK, CakTay
pepekkopnapbiHad (PubMed, Google Scholar, EBSCO) peueHausinaHsaH xapusnaHbiMzap, conpan-ak OACY ecentepi,
aNMaEeMMONOrusAnbIK, AepekTep xaHe AMP auHamukackl MeH aHTMBMOTUK TarailbiHaay ToxipubeciHe KaTbICTbl 3amaHayw
3epTTeynep nanganaqbingbl. Tangay xanaHiblk ypaictepre 6arbiTtansin, epekwe Hasap OpTanbik A3usiFa, OHbIH, iLLiHAE
KasakCTaH MeH KepLUinec enjepre ayaapbingbl.

HaTtuxenep: Kagaranay xynenepiHiu, WeKTeyniniri xaHe AepekTepai xuHayabiH, Oipiaai eMecTiri KazakCTaH MeH KepLui
memnekettepgeri AMP ypgictepiH gan Garanayra kegepri kentipedi. ©3iH-esi emgey, aHTMOMOTUKTEpPAiH, PeLenTeis
caTbilybl XoHe XanblkTblH, TeMeH xabaphapnblfbl CUSKTbl  2NEYMETTIK-OKOHOMMKAnbIK, — haKkTopnap MaceneHi
KypaeneHaipesi. AHTMOMOTUKTEPAI yThIMAbI NanganaHy bargapnamanapbiH KyLedTy, AMarHoCcTUKa canacbiH apTTbipy XaHe
Xanblkaparblk, bIHTbIMAKTACTbIKTbl keHenTy AMP TapanybiH TeMeHAeTyae LWeLlyLli MaHre 1e.

KopbITbIHAbL: AnblHFaH [epeKTep aHTWOMOTWKTEPAi yThIMCbI3 KOMAaHyasl OongbipMay XoHe pesvCTEHTTIMiKke
Kadaranayabl KylwenTy yWiH Asnenpi cascaTka HerisgenreH XaHe eHipnik KoHTekcTke OedimpenreH yinecTipinreH
XahaHablK CTpaTervsanapabiH, aca KaXeT ekeHiH kepceTtesi.

TyliiHdi ce30ep: aHMUMUKPOBGMbIK pe3ucmeHmminik, xanaHOblK cmpameaus, aHmubuomukmepdi ymbimobi
nalidanaHy.
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Background

Antimicrobial resistance (AMR), defined as the ability of
microorganisms to adapt and survive exposure to
antimicrobial agents, poses a major global public health
threat. Its emergence is driven by a wide range of human,
animal, and environmental factors. Human-related
contributors include the excessive and inappropriate use of
antimicrobials in healthcare, the application of antibiotics in
cosmetics and biocides, and inadequate sanitation and
hygiene in community settings. Additional drivers of AMR
include agricultural practices, environmental contamination,
and the use of antibiotics in animals [55]. Importantly, these
elements are interconnected in complex ways. For
example, Ljungqvist et al. (2025) emphasize the
multifaceted links between socioeconomic determinants
across sectors, underscoring the need for multisectoral
approaches [30, 33]. Similarly, finance, governance, and
disease management have been shown to be strongly
associated with AMR risks [7], while Chan et al. (2022)
demonstrate the role of multisectoral factors in the spread
of AMR in Pacific Asia [10]. Rather than being attributable to
a single cause, AMR arises from multiple, overlapping
drivers, including behavioral, managerial, and institutional
governance factors [59]. Moreover, several studies suggest
that these multisectoral influences are insufficiently
recognized by the public, even though experts increasingly
acknowledge the broader and more complex determinants
of resistance [20,46]. This highlights the necessity for
collaboration across diverse fields, integrating knowledge
and skillsets not only as translational tools but also as
fundamental to understanding AMR [25]. Therefore, the aim
of this study was to identify key factors affecting antibiotic
prescription practices in clinical setting.

Search strategy. A systematic literature search was
carried out using predefined key terms and their synonyms.
Searches were conducted in English-language databases
such as PubMed, Google Scholar, and EBSCO, along with
an additional review of resources from the World Health
Organization (WHO) website. To maintain relevance, only
publications from the past decade were considered.
Following the identification of suitable publications, the
authors reviewed all bibliographic references cited within
these works, as well as studies that had cited them.
Abstracts were then screened to select the most pertinent
research, after which the literature was organized according
to established inclusion and exclusion criteria, and full-text
articles were obtained for detailed evaluation. Ultimately,
only validated and reliable sources were included in the
final analysis.

Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (a) thematic relevance to the study's
scope; (b) availability English. Conversely, publications that
did not satisfy these predefined standards were
consequently excluded from the review.

The main part

Global Strategies and Initiatives

Global strategies and initiatives play a crucial role in
addressing antimicrobial resistance (AMR). The WHO
“Global Action Plan on AMR” provides a structured
framework to support countries in developing surveillance
systems, infection prevention strategies, and national
policies (WHO, 2023) [57, 62]. In addition to the WHO,

international organizations such as the United Nations (UN),
the Food and Agriculture Organization (FAO), the World
Organisation for Animal Health (WOAH), and the U.S.
Centers for Disease Control and Prevention (CDC) have
made significant contributions to global AMR control efforts.
Evidence from national programs in the United States,
Sweden, the Netherlands, and Thailand demonstrates that
AMR action plans—when reinforced by effective policy
enforcement, education, and investment in research—can
substantially reduce resistance rates. These experiences
highlight the necessity of global collaboration to address
AMR as a long-term public health challenge.

AMR has emerged as a major global health crisis that
threatens the foundations of modern medicine. The
widespread misuse of antibiotics in human healthcare,
veterinary medicine, and agriculture has accelerated the
development of resistant strains [11]. Tackling AMR
therefore requires coordinated international cooperation that
involves governments, health organizations, and regional
initiatives (Centers for Disease Control and Prevention) [8].
To address this, the WHO launched the “Global Action Plan
on Antimicrobial Resistance (GAP-AMR)” in 2015, providing
a comprehensive, multisectoral strategy for combating
resistance through global cooperation and national-level
implementation. The WHO strategy emphasizes raising
public awareness through education campaigns,
strengthening surveillance systems to monitor resistance
patterns, and promoting responsible antimicrobial use
across sectors such as healthcare and agriculture [57].

One of the WHO's key initiatives, the “Global
Antimicrobial Resistance and Use Surveillance System
(GLASS)”, was established to standardize the collection
and analysis of AMR-related data, thereby guiding
evidence-based policymaking and improving treatment
outcomes [16]. Addressing AMR requires a multidisciplinary
perspective, often conceptualized within the “One Health
framework”, which integrates human, animal, and
environmental health [14]. The UN has recognized AMR as
a critical global health security issue, advocating for
international cooperation and policy development across
nations [58]. In this regard, the Interagency Coordination
Group on Antimicrobial Resistance (IACG) was formed to
provide best-practice recommendations to mitigate AMR’s
economic and healthcare burdens [62]. Similarly, the FAO
has strengthened antibiotic use regulations in food
production and livestock farming, promoting sustainable
agricultural practices and biosecurity measures to reduce
infections [4]. The WOAH has developed international
guidelines to standardize antibiotic use in veterinary
medicine and restrict excessive administration [63].
Together, these initiatives promote responsible antibiotic
stewardship in humans, animals, and agriculture, thereby
curbing the spread of resistant pathogens.

At the regional level, the European Centre for Disease
Prevention and Control (ECDC) has played a central role in
developing AMR surveillance systems and providing policy
recommendations based on resistance trends. Its
“European Surveillance of Antimicrobial Consumption
Network (ESAC-Net)” monitors antibiotic consumption
patterns to inform national strategies [48]. There are
different strategies depending on the countries. For
example, one of the strategies of UK to fight AMR is a room
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improvement [1,2]. It is also suggested that raising
awareness is one of the key strategies to tackle AMR [23]
because one of the main drivers of antimicrobial resistance
is inappropriate antibiotics use [13]. Several countries have
implemented successful national action plans (NAPSs). For
example, the U.S. “CARB Strategy” was established to slow
AMR by expanding antibiotic stewardship programs in
hospitals and outpatient clinics, improving laboratory
capacity for AMR detection, and supporting the
development of new antibiotics. It also includes measures
to limit non-therapeutic antibiotic use in agriculture and
reduce the consumption of medically important antibiotics in
animals [3]. Since its implementation, declines in hospital-
acquired infections caused by resistant bacteria have been
reported, illustrating the strategy’s effectiveness.

In the European Union (EU), strict prescription
regulations and coordinated surveillance initiatives have
made AMR a policy priority. Sweden’s “Strama Program” is
a particularly successful national strategy, involving
collaboration  between healthcare professionals and
policymakers to optimize antibiotic use, resulting in some of
the lowest resistance rates in Europe [49]. The Netherlands
has achieved similar success through stringent hospital
infection control programs and national antibiotic restriction
policies, significantly lowering resistance rates [4].

In Asia, Thailand has emerged as a regional leader in AMR
control. According to Sumpradit (2021), the Thai NAP on AMR
aimed to reduce antibiotic use in agriculture by 50% and in
human medicine by 20%, while strengthening hospital infection
control measures [39]. The govemment also introduced
electronic  prescription  systems to  monitor  antibiotic
consumption and launched public awareness campaigns to
educate citizens on the risks of AMR and the importance of
adhering to prescribed treatments [10]. These combined efforts
have contributed to measurable progress, including reductions
in colistin-resistant  bacteria, further demonstrating the
effectiveness of multisectoral interventions.

Scientific Approaches and Innovations

Antimicrobial resistance (AMR) represents one of the
most critical global health challenges, threatening the
effectiveness of antibiotics and the treatment of infectious
diseases. The emergence of resistant microorganisms
reduces therapeutic options and leads to higher morbidity
and mortality. In response, modern medicine is adopting
innovative scientific approaches to prevent, diagnose, and
treat AMR more effectively. These approaches include
artificial intelligence (Al), alternative drug delivery systems,
and cross-sectoral collaboration. A notable initiative is the
“Vivli Antimicrobial Resistance Register”, which compiles
susceptibility data from pharmaceutical companies,
governments, and researchers into an open-access
platform. By providing real-time observation of resistance
trends and patterns, this database fosters innovation and
informs evidence-based medicine and policy. Mori et al.
(2025) emphasize that open-access AMR databases enable
early trend detection and enhance data-driven interventions
[34, 21].

Artificial intelligence has emerged as a transformative
tool in combating AMR. Machine learning algorithms can
predict resistance patterns, optimize treatment strategies,
and estimate the likelihood of drug effectiveness. Al-based
platiorms such as “DeepARG” and “ARIBA” have

demonstrated the ability to accurately identify resistance
genes in metagenomic data, thereby improving diagnostic
precision and guiding clinical decisions [6]. Moreover,
Stokes et al. (2020) report that Al models have been used
to predict novel antibiotic classes, including halicin,
identified using neural networks trained on the features of
bicactive compounds. Despite its promise, the clinical
integration of Al remains constrained by challenges in data
standardization, privacy, and regulatory approval [39].

Innovative drug delivery systems also play a critical role
in addressing AMR. Nanotechnological approaches,
including liposomes and metallic nanocarriers, have been
designed to improve drug targeting and bioavailability,
thereby minimizing adverse effects. Zhou et al. (2015)
argue that nanocarriers can penetrate bacterial cell walls—
one of the primary defenses of resistant pathogens—
allowing for direct drug release at infection sites [65]. Smart
delivery systems, which respond to environmental stimuli
such as pH, temperature, or enzymes, are under
development to ensure targeted release exclusively in
infected tissues. This strategy reduces systemic toxicity and
improves therapeutic accuracy [29]. Combination therapies
that co-deliver antibiotics with efflux pump inhibitors or B-
lactamase blockers have also shown promise in reversing
resistance, as demonstrated by Zhang et al. (2024) [54].

Rethinking innovation ecosystems has become
increasingly important in light of lessons learned from the
COVID-19 pandemic. Rapid funding mechanisms, public-
private partnerships, and regulatory flexibility accelerated
the development of diagnostics and therapeutics during the
pandemic. Piot et al. (2012) argue that similar innovation
systems should be applied to AMR, with a focus on aligning
research ecosystems with societal health priorities rather
than purely market-driven models [32, 39]. However, while
human and veterinary health sectors have been relatively
active in AMR surveillance and innovation, the
environmental dimension remains underfunded and
underrecognized [36, 37]. The “One Health” framework,
which integrates human, animal, and environmental health,
is essential to address this gap. Environmental reservoirs of
resistance genes, including wastewater and soil,
significantly ~ contribute to AMR transmission, yet
surveillance in these areas is limited. Expanding One
Health research to encompass environmental microbiology
and incorporating it into national AMR strategies is vital for
comprehensive mitigation [7, 28]. It is suggested that
surveillance may help to identify resistance genes as well
as controlling them [44].

Antibiotic discovery and development continue to face
major scientific and economic challenges. The process
remains slow, costly, and burdened by high rates of clinical
trial failure due to toxicity or inefficacy. Furthermore,
antibiotics are less profitable than drugs for chronic
diseases, discouraging  pharmaceutical  investment.
According to WHO (2021), most antibiotics currently in
development share mechanisms of action with older drugs
and target similar pathways, with only a few representing
true innovation [5]. Llewelyn et al. (2017) suggest that
bacteriocins and antimicrobial peptides could provide
alternative  therapeutic approaches [31].  Similarly,
Vivekanandan et al. (2025) highlight research into non-
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antibiotic molecules that restore the activity of existing
drugs, thereby extending treatment options [53].

To effectively combat AMR, scientific and technological
innovations must be integrated with cross-disciplinary
collaboration. Open-access initiatives should be expanded,
and equitable access to innovation must be prioritized.
Public engagement is equally important to increase
awareness and encourage responsible antibiotic use.
Ultimately, addressing AMR requires systemic collaboration
in how research, data, and innovation are harnessed for
global health.

The economic impact of antimicrobial resistance (AMR)
is profound and far-reaching. A study by the World Health
Organization (WHO) estimates that AMR could result in
additional healthcare costs of up to US\$1 trillion by 2050,
with global gross domestic product (GDP) losses ranging
from US\$1 trillion to US\$3.4 trillion per year by 2030 [19].
These projections highlight the severe financial burden that
AMR may impose on global economies. According to
Prestinaci et al. (2015), the annual cost of AMR in the
United States is approximately US\$55 billion, comprising
US\$20 billion in direct healthcare costs and an additional
US\$35 billion due to lost productivity [40]. Similarly, the
European Union incurs around EUR 1.1 billion annually in
excess healthcare expenditures attributable to AMR [61].

Despite this alarming threat, funding for AMR research
and development remains inadequate. Education and
research are critical for both healthcare systems and the

general public, yet they are often constrained by
underfunded infrastructure [24]. The pharmaceutical
industry remains reluctant to invest in antibiotic

development due to low profitability and high risk of
inefficiency. To address this challenge, various initiatives
have been proposed. “Push funding” mechanisms, such as
grants and public-private partnerships, have been
implemented in countries like the United Kingdom and
Sweden [57]. However, these initiatives require sustained
and adequate investment. A report by Lord Jim O'Neill
(2016) suggests that the estimated cost to effectively
combat AMR would be around US\$40 billion [42].

Several global initiatives have been established to
stimulate antibiotic innovation. For example, the Combating
Antibiotic Resistant Bacteria Biopharmaceutical Accelerator
(CARB-X) supports the development of novel antibacterial
products and has attracted significant funding. Similarly, the
Global AMR Innovation Fund (GAMRIF) focuses on early-
stage research in underfunded areas of AMR, with
particular emphasis on developing countries. Collaborative
organizations, such as the Joint Programming Initiative on
Antimicrobial Resistance (JPIAMR), adopt a One Health
approach by integrating human, animal, and environmental
health strategies. In parallel, the Global AMR R&D Hub
coordinates international research priorities, while the
Global Antibiotic Research and Development Partnership
(GARDP) advances new treatments for drug-resistant
infections through international cooperation [31, 10].

Beyond research and development, public awareness
and stewardship programs are critical in reducing the
misuse of antimicrobials. Stewardship interventions have
been shown to significantly decrease inappropriate
antibiotic use [7]. Educational initiatives directed at
healthcare professionals and the wider public are essential

for encouraging responsible antibiotic practices and
preventing the emergence of new resistance mechanisms.
Addressing the economic and social challenges posed by
AMR requires a multifaceted strategy, encompassing robust
research investment, international collaboration, and
sustained public education. Given the significant economic
losses projected, greater investment in research and the
development of alternative therapies is urgent. Scalable
solutions, such as digital platforms, community-based
programs, and curriculum integration in educational
institutions, are being actively explored [26]. Through
coordinated global action, it is possible to mitigate the
impact of AMR and protect both public health and economic
stability.

Challenges and Barriers to Implementing Global
Approaches to Antimicrobial Resistance (AMR)

While international strategies such as the WHO Global
Action Plan have been developed to address AMR, multiple
barriers hinder their effective implementation across diverse
contexts. Tiong et al. (2016) argue that the lack of efficient
collaboration between sectors is a major impediment, with
efforts often remaining uncoordinated and communication
gaps between national priorities and global goals leading to
inconsistent  practices [50]. These challenges are
particularly evident in low- and middle-income countries
(LMICs), where implementation is further obstructed by
weak governmental responses [43]. Raka et al. (2024)
highlight that financial constraints frequently result in fragile
healthcare systems, limited access to quality antimicrobials
and diagnostic laboratories, and shortages of trained
healthcare professionals, making even basic stewardship
programs difficult to sustain [41]. Similarly, Ferreira et al.
(2023) note that agricultural systems in regions with
inadequate veterinary services and poor hygiene standards
face parallel obstacles [15].

Regulatory weaknesses and market failures further
exacerbate the situation. In many regions, antibiotics
remain available without prescription, and weak
enforcement mechanisms enable widespread misuse in
both human and animal sectors. Compounding this issue,
pharmaceutical industries have retreated from antibiotic
development due to limited commercial incentives, leaving
the global antibiotic pipeline fragile and heavily reliant on
public or philanthropic funding [42]. The absence of
comprehensive AMR surveillance systems poses another
major  barrier.  Despite  substantial  investment,
implementation remains uneven, and even among high-
income countries data validity is compromised by
inconsistent methodologies and reporting standards [2, 10].
This lack of standardized global surveillance makes it
difficult to monitor AMR trends reliably.

Public awareness also remains insufficient. In many
countries, low awareness contributes to self-medication,
overprescription, and poor adherence to treatment protocols
[45]. Cultural perceptions of antibiotics as ‘“cure-all’
remedies further exacerbate irrational use, while healthcare
providers may resist stewardship protocols due to time
constraints, lack of institutional support, or fear of patient
dissatisfaction [15]. Weak water, sanitation, and hygiene
(WASH) infrastructure amplifies the spread of resistant
organisms, particularly in healthcare settings and food
production systems [45]. In LMICs, insufficient laboratory
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infrastructure limits diagnostic capacity, leading physicians
to rely on empirical prescribing, thereby driving
inappropriate antibiotic use. Ethiopia, for example, has
identified weak laboratory systems, delays in reporting, and
communication gaps as major obstacles to antimicrobial
stewardship program (ASP) implementation [54, 36].

Economic and political barriers compound these
technical challenges. High out-of-pocket healthcare costs
reduce access to quality-assured antibiotics, while political
instability and weak governance structures undermine the
enforcement of AMR policies and divert resources away
from health priorities. Cultural norms, patient expectations,
and environmental contamination from poor pharmaceutical
waste management further fuel the problem. Engaging the
private healthcare sector and informal providers—who play
a substantial role in service delivery in LMICs but are often
excluded from AMR strategies—is also crucial [12].

Although many LMICs have developed national action
plans (NAPs) for AMR, implementation is inconsistent and
hindered by governance gaps. Assessments of NAPs
highlight areas requiring  strengthening, including
accountability, sustained engagement, equity, behavioral
economics,  sustainability ~ planning,  transparency,
international  collaboration, and integration of the
environmental sector [12]. This persistent gap between
policy ~development and practical implementation
underscores the need for robust governance, accountability
mechanisms, and cross-sectoral collaboration to ensure the
effectiveness of global AMR strategies.

Conclusion

Antimicrobial resistance (AMR) represents one of the
greatest threats to global health, economics, and
development, requiring urgent and coordinated action.
Despite significant international strategies, such as the
WHO Global Action Plan, challenges persist due to weak
governance, limited resources, cultural factors, and
inadequate surveillance systems, particularly in LMICs. At
the same time, scientific and technological innovations -
including artificial intelligence, nanotechnology, and open-
access data platforms - show promising potential to
strengthen prevention, diagnosis, and treatment. However,
sustainable progress depends on overcoming economic
disincentives, investing in research and development, and
ensuring global collaboration across human, animal, and
environmental health sectors. Ultimately, addressing AMR
demands a unified, multidisciplinary, and equitable
approach to safeguard the effectiveness of antimicrobials
and protect global health security.
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