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Summary

Introduction: Antimicrobial resistance (AMR) poses a significant threat to global health, undermining the effectiveness of
antibiotics in treating infectious diseases. The increasing prevalence of AMR is driven by various factors, including
environmental, drug-related, patient-related, and physician-related causes. Misuse and overuse of antibiotics contribute to
the development of resistant bacterial strains, leading to higher morbidity and mortality rates.

Objective: This review aims to analyze antibiotic prescribing practices in primary healthcare settings, identify key
contributors to AMR, and propose strategies for improving antibiotic stewardship to mitigate resistance.

Search Strategy: A systematic literature review was conducted using peer-reviewed sources from medical and public
health databases, including PubMed, Google Scholar, and EBSCO, WHO reports, epidemiological studies, and recent
research on AMR trends and antibiotic prescription behaviors. The focus was on global trends with a specific emphasis on
Central Asia, including Kazakhstan and neighboring countries.

Results: The review identified multiple factors contributing to AMR, including inappropriate prescriptions, weak
regulatory frameworks, and socioeconomic conditions. Studies indicate that developing countries, particularly in Asia and
Africa, experience higher rates of AMR due to poor healthcare policies and excessive antibiotic use in agriculture. In
Kazakhstan, AMR was associated with approximately 2,400 deaths in 2019, ranking the country 95th in AMR-related
mortality worldwide. The review also highlighted disparities in antibiotic stewardship practices across different regions, with
European countries demonstrating lower resistance rates due to stricter regulations.

Conclusion: AMR remains a critical global health issue, exacerbated by inadequate prescription practices and weak
enforcement of antibiotic regulations. Addressing this challenge requires coordinated international efforts, including improved
antibiotic stewardship, enhanced surveillance systems, and stricter policies on antibiotic use. Raising awareness among
healthcare professionals and the general population is essential to combat the growing threat of antibiotic resistance.
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BeepeHne:  AHTuMukpoOHass  peaucTeHTHoCTb  (AMP)  npedcTaBnisieT  CepbesHylo  yrpody  rmobamnbHomy
30paBOOXPAHEHMIO, CHKAs IPPEKTUBHOCTL aHTUOMOTMKOB MpW  MeYeHuM WHQEKUMOHHbIX 3abonesanuin.  Poct
pacnpoctpaHeHHocT AMP 0BycrnoBneH pasnuyHbiMK hakTopamu, BKIKOYAs SKOMOTMYECKNe, NTEKapCTBEHHbIE, CBA3AHHBIE C
nauueHTamMn 1 MeguUMHCKUMK paboTHUKkamu. HenpasurbHoe 1 Ype3mMepHoe UCTOMb3oBaHWe aHTUOMOTUKOB CnocobCeTByeT
pasBUTMIO YCTONYMBLIX GaKTEpPMarbHbIX LUITAMMOB, YTO MPUBOANT K NOBbILLEHWIO 3a00/1EBAEMOCTY M CMEPTHOCTH.

Llenb: [laHHOe uccrnefoBaHue HanpaBneHo Ha aHanmua NpakTUK Ha3HaYeHUst aHTUOMOTUKOB B YYPEXAEHNSX NEPBUYHON
MeAMKO-CaHUTapHOW MOMOLLM, BbiSBNEHWE KIoueBbiX (hakTopos, cnocobeTaytowmx pa3sutuio AMP, a Taioke pa3paboTky
cTpaTeruin nNo ynyyLweHmio aHTUMUKPOBHOrO Ha30pa Ans CHUKEHUS PE3UCTEHTHOCTM.

Crpaterusi noucka: bbin npoBegeH cuctematuyeckuin 063op nuTepaTypbl C MCMONb30BaHWEM PELEH3NPYEMbIX
NCTOYHWKOB U3 MEOMLMHCKMX W OOLLECTBEHHO-CaHMTapHbIX 6a3 AaHHbIX, Bkmtovas PubMed, Google Scholar, EBSCO,
otyetbl BO3, anuaemuonoruyeckme uccnefoBaHWs M nocnegHne HaydyHble paboTbl no TeHgeHumsm AMP n npakTuke
HasHayeHus aHTMOMoTMKoB. OCHOBHOE BHUMAHWE YAENANOCh rnobanbHbIM TEHOEHLMSM, C OCODbIM aKLEHTOM Ha
LleHTpanbHyto A3uio, Bkntouas KazaxctaH u coceiHue CTpaHbl.

Pesynbtatbl: O630p BbISBAN HECKONbKO (hakTopoB, cnocobCTByOWwmX passutiiio AMP, Bkmioyas HepauuoHanbHoe
HasHayYeHWe aHTUBWOTUKOB, criabble PEerynsTopHble MexaHu3Mbl W CoLManbHO-3KOHOMUYeckue ycnosus. ViccnepoBaHus
MoKa3sbIBaloT, YTO B pPa3BMBAIOLMXCS CTpaHax, ocobeHHo B Asum n Adpuke, HabntopatoTcs Oonee BbICOKME MOkasaTenm
AMP u3-3a HeJOCTaTOYHOW MONMMUTUKA 304PAaBOOXPAHEHWUS! M YPE3MEPHOTO WCMOMb30BaAHUS aHTUOMOTWKOB B CENbCKOM
xossictee. B Kasaxcrane B 2019 rogy AMP 6bino ceszaHo npumepHo ¢ 2 400 cMepTenbHbIMU Cryyasimu, YTO NOCTaBUIO
CTpaHy Ha 95-e MecTo B Mupe Mo cMmepTHOCTH, obycnoenenHoit AMP. Kpome Toro, 0630p nokasan pasnuuusi B NpakTuke
Ha3HayeHWs aHTMBMOTMKOB B pasHbiX CTpaHax: B EBpone bonee cTporue perynsropHble Mepbl COCOBCTBYIOT CHUKEHWIO
YPOBHS PE3UCTEHTHOCTM.

3akntoueHne: AMP ocTaeTcs cepbesHol rnobanbHol npobnemoii 3apaBooXpaHeHus, yeyrybnsemoi HeHapnexallen
MPaKTUKOA Ha3HayeHus aHTMOMOTMKOB U cnabblM KOHTPONEM WX WCMOMb3oBaHus. PelweHue aTtoi npobnembl Tpebyet
CKOOPAMHWPOBAHHbIX MEXOYHAPOOHbIX YCWMUIA, BKIMIOYAs YNydlleHWe aHTUMUKPODHOrO Hagsopa, YCWNEHWe CuCTeM
MOHUTOPUHIA U Y)XECTOYEHWE MONUTUKA PErynnpoBaHus aHTMOMOTWKOB. [10BbILEHNE OCBEAOMIIEHHOCTU MEOMLMHCKMX
pabOTHUKOB W HACEMNeHNs UrpaeT KIto4eByto porb B Bopbbe ¢ pacTyLuer yrpo3oit aHTUMUKPOBHON Pe3nCTEHTHOCT!.

Knroyeenie cnosa: aHmuMukpobHas pesucmeHmHocmb, 3nudemuonoausi, hakmopsi pucka, Kasaxcman.
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Kipicne: AHTMMUKpoOTHIK pesucTeHTTik (AMP) ahangbik aeHcaynblk cakray YLWiH eneyni kayin TeHgipesi,
aHTMOVOTUKTEPAIH KyKnanbl aypynapabl empeyperi tvimginiiH TemeHgeteni. AMP TapanybiHbiH, apTybl opTypri
thakTopnapra OalnaHbICTbl, COHbIH, iliHAE 3SKOMOrMAnblK, A9PINiK, Haykacka XoHe MeauuMHa Kbl3MeTKeprepiHe
GannaHbicTbl cebentep. AHTUOMOTUKTEPLI AYpbIC KonpaHbay eHe wWwamajaH ThiC MaiganaHy TesiMai 6akTepusnbik
WTamaapablH AaMybiHa blKnarn eTin, CbipKaTTaHyLWbINbIK NEH ©NiM-XIiTiM KOPCETKILUTEPIHIH, XoFapblnaybliHa akeneai.

WonyablH MakcaTbl: bByn wony anfawkel MeguuMHanbIK-CaHWTaprblK KeMeK KepceTy  yilbiMaapblHaa
aHTMOMOTUKTEPAI TaFalbiHgay ToxipubeciH Tangayra, AMP gamybiHa biknan eTeTiH Heriari hakTopnapabl aHbIKTayFa XoHe
TE3IMAINiKTi TOMEHAETY YLiH aHTUMUKPOBTBIK Kaparanay XyWeciH xaKkcapTy cTpaTernanapblH YCblHyFa barbiTTanfaH.

I3pey cTpateruscbl: PeueHsusnaHFaH Aepekkesnepai KamTuTbiH xyneni aaebu wony xyprisingi. [Jepekkesgepre
PubMed, Google Scholar, EBSCO cusaKTbl MeauupHanblK xoHe KoFamiblK AeHCaynblk Cakray Aepekkoprnapbl,
OyHvexysinik AeHcaynblk cakray yibIMblHbIH, - (O0¥) ecentepi, anugemuonorusanblk 3eptreynep xaHe AMP
TeHOeHUMANapbl MeH aHTWOMOTWKTEpAi TaFaibiHhay Toxipubeci Typambl COHfbl 3epTTeynep kipai. Lony 6apbicbiHaa
xahaHgblk ypaictepre, acipece KasakctaH MeH kepluinec engepdi koca anfaHga, OpTanbik A3usi ailMafblHa epekLue
Hasap aygapbingbl.

Hatuxenep: Wony 6apbicbiiga AMP-gbiH famybiHa biknan eTeTiH GipHelle haktopnap aHblKTangbl, OHbIH, iLliHAe
aHTMOVMOTUKTEPAI OpbIHCHI3 TaFalblHAAY, SCi3 PeTTey TETIKTEPI XOHe aMneyMeTTIK-9KOHOMMKaNbIK Xargannap. 3eptreynep
KepceTkeHdel, damylbl engepae, ocipece Asus MeH Adpukapa, AeHcaynblk cakTay cascaTbiHblH, Onci3giri xoHe aybin
LapyallblnblFbiHAA aHTUOMOTUKTEPAI WamajaH Thic naiganaHy cangapbiHad AMP genreni xorapsl. KasakcraHga 2019
Xblnbl AMP-meH BainaHbicTbl enim caHbl wamameH 2 400-gi kypaasl, 6yn enai AMP-gaH 6onateiH eniM-XiTiM 60MbIHLLa
anemae 95-opbiHFa Konabl. COHbIMEH KaTap, LOny apTypni engepaeri aHTMOMOTUKTEpai TaFamlblHAay ToxipubeciHgeri
alblpMaLLbInbIKTapabl aHblKTagbl: Eyponaaarbl KataH peTTey Wwapanapbl Pe3VCTEHTTINIK AeHreniHiH TeMeHaeyiHe biknan
eTeqi.

KopbITbiHAbI: AMP aHTMOMOTUKTEPAI TaFalbiHAayablH, TMIMCI3 Texipubeci MeH @nci3 peTTey cascaTbl cangapblHaH
MaHbl3abl KahaHAblK LeHcaynblk cakray maceneci Oonbin kana Gepepi. Byn mMaceneHi wely yiiH aHTUMUKPOBTBIK
OaKbinayabl KyLenTy, MOHUTOPUHT XYenepiH XeTiNgipy XaHe aHTMOWOTUKTEpAi peTTey cascaTbliH KaTaHhaty 6oiibiHwa
XanblKapanblk KyLl-xirepai yanecTipy kaxeT. MeguumHa Kbi3mMeTkeprepi MeH XanblKTblH XabaphaprbifblH apTTbipy
AHTUMUKPODTBIK PE3UCTEHTTIKTIH, apTyblHa KApChbl KYPECTe LeLlyLi pen aTkapagbl.

Tytindi ce3dep: aHMUMUKPOOMbIK peaucmeRmmik, anudemuosnoausi, Kayin chakmopnapsbl, Kasakcmar.
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Background

Effective antibiotic prescription plays a crucial role in
managing infectious diseases, preventing postoperative
complications, and controlling antimicrobial resistance
(AMR). However, the growing prevalence of AMR raises
significant concerns regarding the effectiveness of modern
medicine. AMR occurs when microorganisms, such as
bacteria, fungi, viruses, or parasites, adapt to the effects of
previously effective medications, rendering them ineffective
[38, 50]. This process is driven by genetic mutations and
natural selection, enabling microorganisms to develop
resistance-enhancing genes that improve their survival
against antibiotics [62].

AMR remains one of the greatest challenges to global
health, contributing to rising mortality rates worldwide. A
global data analysis revealed that in 2019, bacterial AMR
was associated with approximately 4.95 million deaths, of
which 1.27 million were directly attributed to bacterial
resistance [58]. Projections indicate that by 2050, AMR
could cause up to 10 milion deaths annually [46, 49],
making it one of the leading contributors to morbidity and
mortality globally.

It is essential for physicians to adhere to national and
international protocols to prevent the exacerbation of
medical issues, as noncompliance not only jeopardizes
patient safety but also has broader implications for
healthcare systems worldwide, including increased
treatment costs, limited therapeutic alternatives, and
challenges in managing complications [25]. Therefore, this
review aims to provide a comprehensive analysis of
prescription practices, the underlying factors influencing
these practices, and contributors to antimicrobial resistance,
with the goal of developing strategies to promote the
effective use of antibiotics.

Search Strategy

A systematic literature search was conducted following
the identification of key terms and their synonyms. The
search was performed in English-language databases,
including PubMed, Google Scholar, and EBSCO, with an
additional search conducted on the World Health
Organization (WHO) website. To ensure the inclusion of the
most relevant data, the search was restricted to publications
from the past ten years.

After identifying relevant publications, the authors
examined all bibliographic references cited within these
articles, as well as studies that cited the selected
publications. In the subsequent stage, article abstracts
were screened to identify the most relevant studies. The
collected literature was then categorized based on
predefined inclusion and exclusion criteria, and full-text
articles were retrieved for an in-depth review. In the final
stage, only validated sources were incorporated into the
study. A summary of the search strategy is presented in
Figure 1. Inclusion Criteria: (a) Studies directly relevant
to the review topic; (b) Publications in English; (c)
Studies published from 2015 onward; (d) Primary and
secondary research, including systematic reviews, meta-
analyses, clinical guidelines, monographs, and
conference abstracts. Exclusion Criteria: Studies that did
not meet the inclusion criteria were excluded from the
review.

00630p AUTEPATYPHI
ENGLISH-LANGUAGE
DATABASES SEARCH
(PubMed, Google Scholar, > CITATION REVIEW >
EBSCO, WHO website)
EXAMINING SUMMARIES ||  IPENTIFYINGKEY |
DETAILS

VALIDATION AND
INTEGRATION INTO THE
REVIEW

DISTINGUISHING STUDY |-»>
QUALITY (HIGH VS. LOW)

Figure. 1 Search strategy.

The main part

Epidemiology

Antimicrobial Resistance: A Global Health Threat

The World Health Organization (WHO) has classified
antimicrobial resistance (AMR) as one of the most pressing
global health threats, with significant implications for healthcare
systems worldwide. To address this challenge, the Global
Action Plan was developed to assist nations in implementing
effective strategies for monitoring and controlling AMR [20].
One such initiative is the Global Antimicrobial Resistance and
Use Surveillance System (GLASS), which provides a
standardized framework for collecting and analyzing AMR data
across different regions [63]. This system enables nations and
healthcare professionals to assess AMR ftrends, identify
emerging risks, and implement targeted interventions to
mitigate its spread. The prevalence of AMR varies globally,
influenced by factors such as prescription practices, healthcare
policies, and geographical location. WHO has warned that,
without effective policies and interventions, the world may enter
a post-antibiotic era, in which common infections become
untreatable, leading to significantly higher mortality rates [63].

North America

In the Americas, the United States and Canada report
lower AMR rates compared to South America. This disparity
is likely due to weaker regulatory frameworks in many
South American countries, contributing to high rates of
pneumonia and other resistant infections. Antimicrobial
resistance remains a critical public health problem in the
United States, driven by factors like agricultural antibiotic
use and inappropriate prescribing practices [56]. The study
of Amin et al. (2023) found a significant burden of bacterial
antimicrobial resistance (AMR) in the United States in 2019,
with over 60,000 deaths associated with AMR and nearly
15,000 deaths directly attributable to AMR [4]. The COVID-
19 pandemic has reversed the progress made in reducing
antimicrobial resistance in the US, with a 15% increase in
drug-resistant  hospital-acquired infections in 2020
compared to the previous year [40]. Furthermore, the
COVID-19 pandemic has undone much of the nation's
progress in slowing the spread of antimicrobial resistance,
especially in hospitals (CDC, 2022). Overuse of
antimicrobials in agriculture, food processing, and medicine
is contributing to the growing problem of antimicrobial
resistance in the USA [22]. However, despite stricter
regulations in North America, antibiotic-resistant pneumonia
remains a significant public health concern [19].

Europe

European Food Safety Authority report demonstrated
that resistance to commonly used antimicrobials was
frequently found in Salmonella and Campylobacter isolates
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from humans and animals. While combined resistance to
critically important antimicrobials was generally low, there
were some exceptions with higher levels of resistance in
certain Salmonella and Campylobacter strains. The study
found some concerning carbapenemase-producing E. coli
isolates in animals and meat, which requires further
investigation [17].

The European Antimicrobial Resistance Surveillance
Network (EARS-Net) coordinated by the European Centre
for Disease Prevention and Control (ECDC), reports
concerning resistance patterns, particularly among gram-
negative bacteria such as Escherichia coli and Klebsiella
pneumoniae. Notably, resistance to third-generation
cephalosporins in E. coli was recorded at 10.35 cases per
100,000 population, reflecting a 3.6% decline from 2019.
However, K. pneumoniae has demonstrated an alarming
57.5% increase in carbapenem-resistant bloodstream
infections compared to 2019, underscoring the growing
challenge of treating multidrug-resistant infections [63].
Northern Europe reports relatively lower AMR rates, likely
due to strict antibiotic prescription regulations. In contrast,
Southern and Eastern Europe experience higher resistance
rates, often attributed to frequent antibiotic misuse [11].

Africa

Antimicrobial resistance (AMR) is a growing concern in
Africa, with high levels of resistance reported for commonly
used antibiotics. Studies from East and West Africa show
significant resistance to ampicillin, cotrimoxazole, and emerging
resistance to gentamicin and ceftriaxone in Gram-negative
infections [5, 13]. In West Africa, moderate to high rates of
AMR were found in urinary tract and bloodstream infections,
particularly among hospitalized patients [10]. Sub-Saharan
Africa has the highest mortality rate attributable to antimicrobial
resistance, requiring a One Health approach to implement
action plans and tackle the challenge. The region is
disproportionately affected by AMR due to factors like poverty,
high infectious disease burden, poor antimicrobial regulation,
and lack of effective alternatives [30].

However, AMR data is lacking for over 40% of African
countries, and the quality of available microbiological data is
concerning [57]. The World Health Organization predicts
severe consequences of AMR in Africa by 2050,
emphasizing the need for improved surveillance,
standardized reporting, and optimized treatment guidelines
to address this public health threat [21].

Asia

Several Asian countries, including India, China, and
those in Southern Asia, report some of the highest AMR
rates globally, primarily due to inadequate hygiene
practices, insufficient infection control measures, and the
widespread use of antibiotics in agriculture [36].
Additionally, certain strains of drug-resistant bacteria have
become increasingly prevalent in the region. High rates of
extended-spectrum  beta-lactamase  (ESBL)-producing
Enterobacteriaceae have been documented across
Southeast Asia, complicating the treatment of common
bacterial infections [28]. Furthermore, over 50% of
Acinetobacter baumannii isolates in China and India exhibit
carbapenem resistance, posing significant challenges for
managing hospital-acquired infections [33].

Antimicrobial resistance in aquaculture and fisheries in
Asia remains a concerning issue, with high levels of

resistance to medically important antimicrobials. In
aquaculture, the percentage of antimicrobial compounds
with over 50% resistance remained around 33% from 2000-
2018. In fisheries, the percentage of antimicrobial
compounds with over 50% resistance decreased from 52%
to 22% from 2000-2018 [48]. Also drivers of AMR in
Southeast Asia include rapid intensification of food
production systems, widespread and unregulated access to
antimicrobials, poor awareness about antimicrobial use
among the public, healthcare providers and farmers, and an
abundance of low-quality or counterfeit drugs [64].

Kazakhstan

In Kazakhstan, AMR presents a growing public health
concem. In 2019, the country reported approximately 2,400
deaths directly attributable to AMR and 9,500 deaths
associated with AMR-related complications. This placed
Kazakhstan 95th in terms of age-standardized mortality rates
related to AMR among 204 countries [27]. These statistics
highlight the urgent need for enhanced antimicrobial
stewardship programs and stricter regulatory measures to curb
the spread of resistant infections. A study in a tertiary hospital's
ICU revealed high resistance rates among bacterial isolates
causing hospital-acquired infections, particularly in Gram-
negative bacteria [60]. Factors contributing to AMR include
non-judicial antibiotic use, unrestricted use in livestock, and the
release of antibiotic residues into the environment. Urgent
interventions are needed, including surveillance, monitoring,
minimizing over-the-counter antibiotic use, improving access to
quality medicines and diagnostics, and enforcing legislation
[45].

The prevalence of the resistant microbial agents

The increasing prevalence of AMR underscores the
urgent need for targeted interventions to combat resistant
pathogens. According to the WHO Priority Pathogen List,
one of the most critical resistant bacteria is carbapenem-
resistant Acinetobacter baumannii, commonly acquired in
hospital settings. This pathogen is responsible for severe
complications such as wound infections and pneumonia,
posing a substantial challenge for intensive care units [62].
Another widespread resistant microorganism is methicillin-
resistant Staphylococcus aureus (MRSA), which exhibits
resistance not only to methicillin but also to oxacillin and
cephalosporins. MRSA is associated with soft tissue
infections, bloodstream infections, pneumonia, and
postoperative complications [61]. WHO classifies MRSA
into two categories: (a) hospital-acquired MRSA (HA-
MRSA): primarily linked to severe infections in healthcare
settings; (b) community-acquired MRSA (CA-MRSA):
transmitted outside hospitals, often causing skin infections
and pneumonia. Although vancomycin was previously an
effective treatment for MRSA, vancomycin-resistant
Staphylococcus aureus (VRSA) has now emerged, further
complicating treatment options. Klebsiella pneumoniae, a
gram-negative bacterium, is another notable multidrug-
resistant (MDR) pathogen, responsible for pneumonia,
bloodstream infections, and urinary tract infections. It
employs various mechanisms to evade antibiotics, including
increased efflux pump activity and reduced antibiotic
penetration. Alarmingly, K. pneumoniae has developed
resistance to nearly all available antibiotics. A study by
Salah et al. (2019) found that ESBL-producing E. coli and
Klebsiella strains in Lomé, Togo, frequently carried plasmid-
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mediated quinolone resistance (PMQR) genes, such as
gnrA, gnrB, and gnrS. The co-occurrence of fluoroquinolone
and beta-lactam resistance highlights the urgent need for
alternative treatment strategies, particularly in resource-
limited settings [45]. Another critical resistant pathogen is
fluoroquinolone-resistant ~ Escherichia  coli, which is
commonly associated with urinary tract infections (UTIs),
gastrointestinal infections, and sepsis. Understanding the
epidemiology of AMR is crucial for tracking resistance
trends, developing strategies to reduce mortality and
morbidity rates, and identifying key drivers of resistance to
mitigate the risk of future epidemics. Strengthening AMR
surveillance systems and regulatory policies remains
essential for controlling antimicrobial resistance and
ensuring the continued efficacy of infection treatment.

Factors Contributing to AMR

Despite various measures implemented to combat
antimicrobial resistance (AMR), it continues to pose a
significant burden on global healthcare systems. The
development and spread of AMR are driven by multiple
factors, including inappropriate antibiotic use, weak
regulatory  frameworks,  socioeconomic  disparities,
environmental contamination, globalization, and inadequate
healthcare policies [1, 16].

A study by Salam et al. (2023) identifies four primary
drivers of AMR: environment-related, drug-related, patient-
related, and physician-related factors [45].

Environmental factors

The natural environment plays a critical role in the
dissemination of antibiotic-resistant pathogens. Samreen et
al. (2021) reported that agricultural and hospital wastewater
often contains residual antibiotics, creating conditions
conducive to the selection and proliferation of resistant
bacterial communities in water and soil [47]. Additionally,
Kaviani Rad et al. (2022) noted that heavy metals,
hydrocarbons, and other agricultural waste products further
contribute to the emergence and persistence of resistance
genes in the environment [32].

Environmental contributors to AMR include agricultural
antibiotic use, mass travel, inadequate sanitation, and weak
pharmaceutical policies. Antibiotics are extensively used not
only in human medicine but also in agriculture to prevent
infections in plants and animals. According to Salam et al.
(2023), over 70% of antibiotics are used to treat animals, as
farms frequently administer these drugs to reduce costs and
increase production [45]. However, this widespread usage
contributes significantly to AMR by fostering the emergence
of drug-resistant pathogens. Additionally, globalization and
increased international travel have accelerated the
transmission of AMR. A systematic review by Arcilla et al.
(2017) found that international travelers frequently acquire
resistant bacteria during their trips, which can persist in their
microbiota long after returning home, increasing the risk of
spreading  resistant  pathogens  across  borders.
Furthermore, inadequate medication policies at both
hospital and national levels exacerbate the problem [6]. The
unrestricted availability of antibiotics, coupled with the
absence of stringent regulations, facilitates inappropriate
antibiotic consumption, thereby promoting resistance. A
study by Masud et al. (2024) found that one in four
pharmacy purchases involves antibiotics, with over half of
these transactions occurring without a prescription. This

lack of oversight significantly contributes to the uncontrolled
use of antimicrobial agents, further driving the emergence
of resistant bacterial strains [35]. The persistence of AMR
despite intervention efforts highlights the complex interplay
of environmental, economic, and healthcare-related factors.
Addressing this issue requires a multifaceted approach,
including stricter regulations on antibiotic use in agriculture
and medicine, enhanced surveillance of international
travelers, and the implementation of robust pharmaceutical
policies to prevent over-the-counter antibiotic sales.

Other key factors contributing to the global spread of
antibiotic resistance include overuse of antibiotics in
livestock, reduced drug efficacy, lack of new vaccine
development, environmental toxicity, transmission through
travel, and insufficient funding for healthcare research and
development. Social and economic factors like poor
infrastructure, governance, and sanitation are more strongly
associated with higher antimicrobial resistance levels than
just antibiotic usage volumes. Interventions need to focus
on addressing the social and economic factors that enable
the spread or "contagion" of resistant microorganisms,
rather than just limiting antibiotic usage [12].

Drug-Related and Prescription Factors Contributing
to Antimicrobial Resistance.

In addition to environmental and regulatory factors,
drug-related issues play a significant role in the emergence
and spread of antimicrobial resistance (AMR). One major
concern is the poor quality and overproduction of
antibiotics. Due to the high redundancy in drug
development, only 15% of newly created antibiotics are
found to be effective, as many are structurally and
mechanistically similar to previous generations. Notably,
only 8 out of 51 recently developed antibiotics are
considered innovative treatments for infections caused by
antibiotic-resistant bacteria, while the vast majority are
merely modifications of existing drugs [45]. A separate
study highlights that the overproduction of antibiotics
contributes to multidrug resistance, where pathogens
develop resistance to multiple medications simultaneously.
Since the introduction of antibiotics, over 150 new
antimicrobial agents have been developed, yet their
widespread and excessive use has inadvertently led to the
evolution of highly resistant bacterial strains, commonly
referred to as "superbugs" [58].

Patient - and Physician-Related Factors in AMR
Development

Beyond drug-related concermns, prescription practices and
patient behaviors significantly contribute to AMR. Unnecessary
antibiotic use, inappropriate prescriptions, and overdosing are
among the key drivers. Physicians must adhere to national and
international guidelines to prevent the worsening of resistance,
as inappropriate prescribing not only compromises patient
safety but also has widespread economic and therapeutic
consequences for healthcare systems, affecting treatment
costs, available therapeutic alternatives, and the management
of complications.

The study of Hafeez et al. (2023) demonstrated that
factors contributing to antimicrobial resistance in dental
practices include lack of patient awareness, over-the-
counter availability, self-medication, improper guidelines,
and lack of knowledge. The top factors contributing to
antimicrobial drug resistance in dental practice were lack of
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patient awareness, over-the-counter availability, and self-
medication. Dentists were overprescribing antibiotics due to
improper guidelines, a desire to satisfy patients, and a lack
of knowledge. A significant proportion of the dentists'
patients were self-medicating with antibiotics and lacked
awareness about appropriate antibiotic use [22].

One contributing factor is patient demand for antibiotics,
which can pressure physicians into prescribing unnecessary
treatments. Some healthcare providers may prescribe
antibiotics simply to meet patient expectations or align with
pharmacy demands. A common misconception among
patients is that antibiotics are universally effective against
all infections - including viral and fungal diseases, which is
scientifically inaccurate. A survey by Semenova et al.
(2024) in Kazakhstan revealed that while more than 50% of
respondents were aware of AMR, the majority incorrectly
believed that antibiotics kill viruses and are effective
treatments for colds [49].

Physician Awareness and Attitudes Toward AMR

Several studies have examined physician awareness
and prescribing attitudes regarding AMR. One of the study
reported that 75% of physicians identified patient demand
as a primary factor influencing unnecessary antibiotic
prescriptions. Despite high levels of awareness about AMR,
many physicians underestimate its relevance to their own
practice, viewing it primarily as a global issue rather than a
local concern [29]. Al Rahbi et al. (2023) found that while
95% of clinicians recognized AMR as a national problem,
only 77% acknowledged it as an issue within their own
institution, and just 65% considered it a concern in their
personal practice. Additionally, inappropriate prescribing
may be unintentional, driven by time constraints, clinical
uncertainty, and pressure from nursing staff [2]. A study by
Christensen et al. (2022) suggests that some physicians,
particularly younger and less experienced doctors, may
prescribe antibiotics without thoroughly assessing their
necessity due to limited time for decision-making. In many
cases, antibiotics are prescribed as a precautionary
measure, even when their necessity is uncertain, to mitigate
potential complications [14].

Addressing drug-related, patient-related, and physician-
related factors in AMR requires a multifaceted approach,
including enhanced drug development strategies, stricter
antibiotic regulation, improved patient education, and
reinforced physician training. Increasing awareness among
both healthcare professionals and the general public is
essential to mitigating inappropriate antibiotic use and
slowing the global spread of antimicrobial resistance [44].

Drivers of Antimicrobial Resistance and the Urgent
Need for Global Action

Antimicrobial resistance poses a significant global public
health threat, necessitating urgent international intervention.
The complex issue is influenced by factors such as poverty,
self-medication, misdiagnosis, and overuse in both humans
and animals [51]. Globalization has exacerbated the problem,
as resistant bacteria do not respect borders. AMR leads to
increased morbidity, mortality, and healthcare costs, with limited
therapeutic options for resistant infections [45]. Addressing
AMR requires a coordinated global strategy, including
surveillance, restricted antibiotic use in livestock, access to
quality medicines and diagnostics, and enforcement of
legislation [37, 52). International collective action is essential, as

no country can adequately protect its population acting alone
[62]. Without immediate intervention, a post-antibiotic era may
become a reality [42].

Research conducted by Ardillon et al. (2023) on
inappropriate antibiotic prescriptions in outpatient pediatric
departments highlights significant disparities in prescribing
practices across different regions. Their findings indicate that
75% of prescribed antibiotics in Madagascar, Senegal, and
Cambodia were unnecessary, with approximately three-
quarters of consultations resulting in unjustified antibiotic
prescriptions. Similarly, two-thirds of all antibiotics prescribed to
young children in these countries were deemed unnecessary
[7]. In contrast, inappropriate prescriptions in China accounted
for 25% of cases, while Kenya reported a rate of 50%. A
separate study by Hagedoorn et al. (2020) focusing on
antibiotic prescriptions in Europe found that only 12% of
prescriptions were considered inappropriate, with incorrect
treatment duration being the most frequent prescribing issue
[23]. These findings suggest that developing countries are
more prone to inappropriate prescribing patterns, with Africa
exhibiting the highest prescription rates and Asia showing the
highest levels of inappropriate prescriptions [31]. Antibiotics
were most commonly prescribed for acute inflammatory organ
diseases and common colds, despite their inefficacy against
viral infections.

Ayukekbong et al. (2017) identified several factors
contributing to AMR in developing nations, including limited
patient awareness, inadequate diagnostic facilities, and
inappropriate  prescription  practices.  Additionally, the
unauthorized sale and non-human use of antibiotics
significantly exacerbate resistance. One of the primary drivers
of AMR is the misuse and overuse of antibiotics in both human
and veterinary medicine [8]. Sokolovi¢ et al. (2023) found that
higher antibiotic consumption in outpatient settings, combined
with lower healthcare expenditure, significantly contributes to
AMR. These findings underscore the urgent need for improved
prescribing practices and enhanced patient education to
combat the growing threat of AMR [54].

Insufficient regulatory frameworks, particularly in
developing nations, significantly facilitate the spread of
AMR. The unauthorized sale and widespread distribution of
antibiotics occur frequently in regions with weak or poorly
enforced regulations [43]. Pokharel et al. (2019) argue that
weak governance negatively impacts the overall functioning
of healthcare systems, resulting in ineffective antimicrobial
stewardship policies. Without stringent healthcare policies,
the inappropriate use of antimicrobials becomes more
prevalent, further driving antimicrobial resistance [41].

Laxminarayan et al. (2016) highlighted global
inconsistencies in antibiotic stewardship, particularly within
the Gulf Cooperation Council, where variations in regulatory
policies contribute to uneven resistance patterns. These
disparities make it challenging to develop a unified
international strategy to combat AMR [33]. Huttner et al.
(2013) emphasized that non-therapeutic antibiotic use and
a general lack of public understanding of proper usage
further aggravate the problem [26]. Similarly, Van Boeckel et
al. (2014) analyzed national pharmaceutical sales data and
found that antibiotic consumption was highest in countries
with weak regulatory enforcement. These findings
underscore the urgent need for strict regulatory policies and
robust enforcement mechanisms to limit unauthorized
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antibiotic access and reduce inappropriate prescribing
practices [59].

Socioeconomic conditions are closely linked to the
prevalence of AMR. Regions with high levels of poverty,
unemployment, and limited healthcare access tend to
exhibit significantly higher rates of antibiotic misuse [3, 34].
WHO demonstrated that socioeconomic disparities - such
as inadequate sanitation and overcrowded living conditions
- are strongly associated with AMR emergence and
transmission. The study further highlighted that regions with
a high Area Deprivation Index (ADI) face greater challenges
in combating AMR [62]. Similarly, Holmes et al. (2016)
found that low public health investment and underfunded
healthcare systems exacerbate antibiotic overuse and
resistance, particularly in resource-limited settings.
Addressing these socioeconomic factors is essential for
implementing effective interventions that will help mitigate
the growing burden of AMR [24].

Globalization and increased international travel have
significantly accelerated the worldwide dissemination of
antimicrobial-resistant pathogens. Sridhar et al. (2021)
emphasize that global travel plays a crucial role in the spread of
AMR by facilitating the acquisition, carriage, and transmission
of resistant bacteria across borders. They identified three key
factors influencing this process: (a) the travel destination, where
individuals may be exposed to highly resistant bacterial strains;
(b) the use of antimicrobials during travel, which can encourage
the development of resistance; (c) traveler's diarrhea, which
increases  susceptibilty to resistant pathogens [55].
Furthermore, Murray et al. (2022) reported that global mobility
and high population densities have played a pivotal role in the
rapid spread of resistant pathogens worldwide [39].

Inadequate diagnostic capabilities often force clinicians to
rely on empirical treatments rather than targeted therapies,
which can inadvertently promote antibiotic misuse [9]. Dyar et
al. (2017) argue that education plays a crucial role in reducing
antimicrobial resistance by increasing awareness among
healthcare professionals and the general public about the risks
associated with antibiotic misuse [15]. The emergence and
spread of AMR result from a complex interplay of multiple
factors, including inappropriate antibiotic use, insufficient
regulation,  socioeconomic  disparities,  environmental
contamination, globalization, and suboptimal healthcare
practices. Addressing these challenges requires coordinated
global action through enhanced antimicrobial stewardship,
stricter regulatory policies, improved diagnostic capacity, and
increased public education. Only through comprehensive,
evidence-based strategies can the global community effectively
combat the growing threat of antimicrobial resistance.

Conclusion

Antimicrobial resistance (AMR) remains a pressing
global health crisis, driven by a complex interplay of factors,
including inappropriate antibiotic use, weak regulatory
frameworks, socioeconomic disparities, environmental
contamination, and globalization. Despite numerous
interventions, AMR continues to undermine the efficacy of
modern medicine, posing a significant threat to public health
and healthcare systems worldwide. The evidence presented
highlights that developing countries, in particular, face
higher rates of inappropriate antibiotic prescriptions due to
limited healthcare infrastructure, weak governance, and
insufficient public awareness [41]. Moreover, the overuse of

antibiotics in agriculture and non-human  settings
exacerbates the problem, facilitating the selection and
spread of resistant bacterial strains.

To combat AMR effectively, a multifaceted approach is
required, incorporating strengthened regulatory policies,
improved antimicrobial stewardship, enhanced diagnostic
capabilities, and global collaboration. Encouraging rational
antibiotic use through comprehensive public education
campaigns and training for healthcare professionals is
crucial in  reducing unnecessary prescriptions [18].
Additionally, restricting unauthorized antibiotic sales and
implementing strict policies on antibiotic use in agriculture
can help mitigate the emergence of resistance. Given the
increasing role of international travel in spreading resistant
pathogens, global surveillance systems such as WHO'’s
GLASS must be further expanded to monitor resistance
trends and facilitate coordinated responses [53].

Addressing AMR necessitates collective efforts at
national and international levels. Without immediate and
sustained action, the world risks entering a post-antibiotic
era, where once-treatable infections become deadly. By
reinforcing stewardship programs, advancing research on
novel antibiotics, and prioritizing regulatory reforms,
healthcare systems can work towards preserving the
effectiveness of existing antimicrobial treatments and
safeguarding future generations from the devastating
consequences of antimicrobial resistance.

Conflict of Interest. The authors declare that they have no
conflict of interest.

Contribution of authors. All authors were equally involved in
the writing of this article.

Funding: No funding was provided.

References:

1. Akram F., Imtiaz M., Haq I.U. Emergent crisis of
antibiotic resistance: A silent pandemic threat to 21st
century. Microb Pathog. 2022. 174. 105923.

2. Al Rahbi F., Al Salmi I., Khamis F., Al Balushi Z.,
Pandak N., Petersen E., Hannawi S. Physicians’ attitudes,
knowledge, and practices regarding antibiotic prescriptions.
J Global Antimicrob Resist. 2023. 32. 58-65.

3. Allel K, Garcia P.C., Labarca J.A., Munita J.M.,
Rendic M., Undurraga E.A. Socioeconomic factors
associated with antimicrobial resistance of Pseudomonas
aeruginosa, Staphylococcus aureus, and Escherichia coli in
Chilean hospitals (2008-2017). Rev Panam Salud Publica.
2020. 44. €30

4. Amin V.P., Dhanani M., Patel J., Dhawan A.,
Mahesh G., Chenna V.S.H., Kyada S., Dekhne A., Desai H.
D. 2233. Burden of Bacterial Antimicrobial Resistance in
United States in 2019: A Systematic Analysis. Open Forum
Infect Dis. 2022. 10(Suppl 2). ofad500.1855.
https://doi.org/10.1093/ofid/0fad500.1855

5. Ampaire L., Muhindo A., Orikiriza P., Mwanga-
Amumpaire J., Bebell L., Boum Y. A review of antimicrobial
resistance in East Africa. Afr J Lab Med. 2016. 5(1). e432.
https://doi.org/10.4102/ajlm.v5i1.432

6. Arcilla M.S., Van Hattem J.M., Matamoros S.,
Melles D.C., Penders J., De Jong M.D., Schultsz C.
Dissemination of the mcr-1 colistin resistance gene. Lancet
Infect Dis. 2015. 16(2). 147-149.
https://doi.org/10.1016/51473-3099(15)00541-1

141


https://doi.org/10.1093/ofid/ofad500.1855
https://doi.org/10.1016/s1473-3099(15)00541-1

Reviews

Science & Healthcare, 2025 Vol. 27 (2)

7. Ardillon A., Rambliere L., Kermorvant-Duchemin E.,
Sok T., Zo A. Z, Diouf J., Long P., Lach S., et al.
Inappropriate antibiotic prescribing and its determinants
among outpatient children in 3 low- and middle-income
countries: A multicentric community-based cohort study.
PLoS Med. 2023. 20(6). e1004211.
https://doi.org/10.1371/journal.pmed. 1004211

8. Ayukekbong J.A., Ntemgwa M., Atabe A.N. The
threat of antimicrobial resistance in developing countries:
causes and control strategies. Antimicrob Resist Infect
Control. 2017. 6. 47. doi: 10.1186/s13756-017-0208-x.

9. Baraka M.A., Alboghdadly A. Alshawwa S.Z,
Elnour A.A., Alsultan H., Alsalman T., Alaithan H., Islam
M.A., El-Fass KA., Mohamed Y., A. Alasseri A., Salem
K.M. The Healthcare Professionals’ Perspectives on
Antimicrobial Resistance (AMR) Associated Factors and
Their Consequences: A Cross Sectional Study in Eastern
Province of Saudi Arabia. Antibiotics (Basel). 2021. 10(7).
878. doi: 10.3390/antibiotics10070878.

10. Bernabé K.J., Langendorf C., Ford N.P., Ronat J.,
Murphy R.A. Antimicrobial resistance in West Africa: a
systematic review and meta-analysis. Int J Antimicrob
Agents. 2017. 50 (5). 629-639 .

11. Cassini A., Hégberg L.D., Plachouras D.,
Quattrocchi A., Hoxha A., Simonsen G.S., Colomb-Cotinat
M., Kretzschmar M.E. et al. Attributable deaths and
disability-adjusted life-years caused by infections with
antibiotic-resistant bacteria in the EU and the European
Economic Area in 2015: a population-level modelling
analysis. Lancet Infect Dis. 2018. 19(1). 56-66.
https://doi.org/10.1016/s1473-3099(18)30605-4

12. CDC. COVID-19: U.S. Impact on Antimicrobial
Resistance, Special Report 2022. Atlanta, GA: U.S.
Department of Health and Human Services, CDC; 2022.
https://www.cdc.gov/drugresistance/covid19.html

13. Chokshi A., Sifri Z., Cennimo D., Horng H. Global
Contributors to Antibiotic Resistance. J Glob Infect Dis.
2019. 11(1). 36-42. doi: 10.4103/jgid.jgid_110_18.

14. Christensen I., Haug J. B., Berild D., Bjgrholt J. V.,
Skodvin B., Jelsness-Jargensen, L. Factors Affecting
Antibiotic Prescription among Hospital Physicians in a Low-
Antimicrobial-Resistance Country: A Qualitative Study.

Antibiotics (Basel). 2022. 11(1). 98.
https://doi.org/10.3390/antibiotics 11010098
15. Dyar O. Tebano G. Pulcini C. Managing

responsible antimicrobial use: perspectives across the
healthcare system. Clin Microbiol Infect. 2017. 23(7). 441-
447. https://doi.org/10.1016/j.cmi.2017.04.016

16. Endale H., Mathewos M., Abdeta D. Potential
Causes of Spread of Antimicrobial Resistance and
Preventive Measures in One Health Perspective-A Review.
Infect Drug Resist. 2023. 16. 7515 - 7545. doi:
10.2147/IDR.S428837.

17. European Food Safety Authority. Plain Language
Summary of the European Union summary report on
antimicrobial resistance in zoonotic and indicator bacteria from
humans, animals and food in 2021-2022. EFSA journal. 2024.
22(2). p220202. https://doi.org/10.2903/j.efsa.2024.p220202

18. Fletcher-Miles H., Gammon J., Williams S., Hunt J.
A scoping review to assess the impact of public education
campaigns to affect behavior change pertaining to

antimicrobial resistance. Am J Infect Control. 2020. 48(4).
433-442. https://doi.org/10.1016/j.ajic.2019.07.011

19. Freeland G., Hettiarachchy N., Atfungulu G.G.,
Apple J., Mukherjee S. Strategies to Combat Antimicrobial
Resistance from Farm to Table. Food Reviews
International. 2021. 39(1). 27-40.
https://doi.org/10.1080/87559129.2021.1893744

20. Giono-Cerezo S., Santos-Preciado J. 1., Morfin-Otero
M. D. R, Torres-Lépez F. J., & Alcantar-Curiel M. D.
Antimicrobial resistance. Its importance and efforts to control it.
Resistencia antimicrobiana. Importancia y esfuerzos por
contenerla. Gaceta medica de Mexico. 2020. 156(2). 171-178.
https://doi.org/10.24875/GMM.M20000358

21. Gulumbe B.H., Haruna U.A., Almazan J., Ibrahim
LH., Faggo A.A., Bazata A.Y. Combating the menace of
antimicrobial resistance in Africa: a review on stewardship,
surveillance and  diagnostic  strategies.  Biological
procedures online. 2022. 24(1). 19.
https://doi.org/10.1186/512575-022-00182-y

22. Hafeez Resham, Mahmood Hina, Raza Fahad,
Jabeen Wajeeha, Hyder Pakiza. Factors Influencing the
Emergence of Antimicrobial Drug Resistance in Clinical
Dental Practice. Journal of the Pakistan Dental Association.
2023. 32. 60-65. 10.25301/JPDA.322.60.

23. Hagedoom N.N., Borensztajn D.M., Njman R., Balode
A., Von Both U., Carrol E.D., Eleftheriou ., Emonts M., Van Der
Flier M., De Groot R., et al. Variation in antibiotic prescription
rates in febrile children presenting to emergency departments
across Europe (MOFICHE): A multicentre observational study.
PLoS Medicine. 2020. 17(8). €1003208.
https://doi.org/10.1371/journal.pmed.1003208

24. Holmes A.H., Moore L.S.P., Sundsfiord A.,
Steinbakk M., Regmi S., Karkey A., Guerin P. J., Piddock L.
J.V. Understanding the mechanisms and drivers of
antimicrobial resistance. The Lancet. 2015. 387(10014).
176-187. https://doi.org/10.1016/s0140-6736(15)00473-0

25. Huemer M., Mairpady Shambat S., Brugger S.D.,
Zinkernagel A.S. Antibiotic resistance and persistence-
Implications for human health and treatment perspectives.
EMBO reports. 2020. 21(12). €51034.
https://doi.org/10.15252/embr.202051034

26. Huttner A., Harbarth S., Carlet J., Cosgrove S.,
Goossens H., Holmes A., Jarlier V., Voss A., Pittet D.
Antimicrobial resistance: a global view from the 2013 World
Healthcare-Associated Infections Forum. Antimicrobial
Resistance and Infecton Control.  2014.  2(1).
https://doi.org/10.1186/2047-2994-2-31

27. Institute for Health Metrics and Evaluation (IHME).

Kazakhstan:  Antimicrobial resistance burden 2019.
University of Washington. 2023.
https://www.healthdata.org/sites/default/files/2023-
09/Kazakhstan.pdf

28. Islam M.S., Rahman A.T., Hassan J., Rahman M.T.
Extended-spectrum beta-lactamase in Escherichia coli
isolated from humans, animals, and environments in
Bangladesh: A One Health perspective systematic review
and meta-analysis. One Health. 2023. 16. 100526.
https://doi.org/10.1016/j.onehlt.2023.100526

29. Jimmy B., Jose J. Patient medication adherence:
measures in daily practice. Oman Med J. 2011. 26(3). 155-
9. doi: 10.5001/0mj.2011.38.

142


https://doi.org/10.1371/journal.pmed.1004211
https://doi.org/10.1016/s1473-3099(18)30605-4
https://doi.org/10.3390/antibiotics11010098
https://doi.org/10.1016/j.cmi.2017.04.016
https://doi.org/10.2903/j.efsa.2024.p220202
https://doi.org/10.24875/GMM.M20000358
https://doi.org/10.1186/s12575-022-00182-y
https://doi.org/10.1371/journal.pmed.1003208
https://doi.org/10.1016/s0140-6736(15)00473-0
https://doi.org/10.1186/2047-2994-2-31
https://www.healthdata.org/sites/default/files/2023-09/Kazakhstan.pdf
https://www.healthdata.org/sites/default/files/2023-09/Kazakhstan.pdf
https://doi.org/10.1016/j.onehlt.2023.100526

Hayka u 3apaBooxpanenue, 2025 T.27 (2)

00630p AUTEPATYPHI

30. Kariuki S.M., Kering K.K., Wairimu C., Onsare R.S.,
Mbae C.K. Antimicrobial Resistance Rates and Surveillance
in Sub-Saharan Africa: Where Are We Now? Infection and
Drug Resistance. 2022. 15. 3589 - 3609.

31. Kasse G.E., Cosh S.M., Humphries J., Islam M.S.
Antimicrobial prescription pattern and appropriateness for
respiratory tract infection in outpatients: a systematic review
and meta-analysis. Systematic Reviews. 2024. 13(1).
https://doi.org/10.1186/s13643-024-02649-3

32. Kaviani Rad A., Astaykina A., Streletskii R.,
Afsharyzad Y., Etesami H., Zarei M, Balasundram S.K. An
Overview of Antibiotic Resistance and Abiotic Stresses
Affecting Antimicrobial Resistance in Agricultural Soils. Int J
Environ Res Public Health. 2022. 19(8). 4666. doi:
10.3390/ijerph19084666.

33. Laxminarayan R., Matsoso P., Pant S., Brower C.,
Reattingen J., Klugman K., Davies S. Access to effective
antimicrobials: a worldwide challenge. The Lancet. 2015.
387(10014).  168-175.  https://doi.org/10.1016/s0140-
6736(15)00474-2

34. Marques A.P., Ramke J., Cairns J., Butt T., Zhang
J.H., Jones |., Jovic M. et. al. The economics of vision
impairment and its leading causes: A systematic review.
EclinicalMedicine. 2022. 46. 101354,
https://doi.org/10.1016/j.eclinm.2022.101354

35. Masud A.A., Walpola R.L., Sarker M., Kabir A.,
Asaduzzaman M., Islam M.S., Mostafa A. T., Akhtar Z.,
Barua M., Seale H. Understanding antibiotic purchasing
practices in community pharmacies: A potential driver of
emerging antimicrobial resistance. Exploratory Research in
Clinical and Social Pharmacy, 2024. 15. 100485.
https://doi.org/10.1016/j.rcsop.2024.100485

36. Maugeri A., Barchitta M., Puglisi F., Agodi A. Socio-
economic, governance and health indicators shaping
antimicrobial resistance: an ecological analysis of 30
European countries. Globalization and health. 2023. 19(1).
12. https://doi.org/10.116/s12992-023-00913-0

37. McEwen S.A., Collignon P.J.  Antimicrobial
Resistance: a One Health Perspective. Microbiology
spectrum. 2018. 6. P. 210-220.

38. Morrison L., Zembower T.R. Antimicrobial Resistance.
Gastrointestinal endoscopy clinics of North America. 2020.
30(4). 619-635. https://doi.org/10.1016/j.giec.2020.06.004

39. Murray C.J.L., Ikuta K.S., Sharara F., Swetschinski
L., Aguilar G.R., Gray A., Han C., Bisignano C., Rao P.,
Wool E., Johnson S.C., Browne A.J., et al. Global burden of
bacterial antimicrobial resistance in 2019: a systematic
analysis. The Lancet. 2022. 399(10325). 629-655.
https://doi.org/10.1016/s0140-6736(21)02724-0

40. Patel J., Sridhar D. The pandemic legacy of
antimicrobial resistance in the USA. The Lancet. 2022.
Microbe. 3(10). €726-e727. https://doi.org/10.1016/S2666-
5247(22)00227-0

41. Pokharel S., Adhikari B., Johnson T., Cheah P.Y.
Interventions to address antimicrobial resistance: an ethical
analysis of key tensions and how they apply in low- income
and middle-income countries. BMJ global health. 2024.
9(4). e012874. https://doi.org/10.1136/bmjgh-2023-012874

42. Raina S.K. State of the globe: Antimicrobial
Resistance: Need for De-compartmentalization of Action.
Journal of Global Infectious Diseases. 2019. 11. 133 - 134.

43. Ramamurthy T., Ghosh A., Chowdhury G.,
Mukhopadhyay A.K., Dutta S., Miyoshi S.I. Deciphering the
genetic network and programmed regulation of antimicrobial
resistance in bacterial pathogens. Frontiers in cellular and
infection microbiology. 2022. 12. 952491.
https://doi.org/10.3389/fcimb.2022.952491

44, Sakeena M.H., Bennett A.A., McLachlan A.J. Non-
prescription sales of antimicrobial agents at community
pharmacies in developing countries: a systematic review.
International journal of antimicrobial agents. 2018. 526.
771-782.

45. Salah F.D., Soubeiga S.T., Ouattara A.K., Sadji A.Y.,
Metuor-Dabire A., Obiri-Yeboah D., Banla-Kere A., Karou S.,
Simpore J. Distribution of quinolone resistance gene (gnr) in
ESBL-producing Escherichia coli and Klebsiella spp. in Lomé,
Togo. Antimicrobial Resistance and Infection Control. 2019.
8(1). https://doi.org/10.1186/s13756-019-0552-0

46. Salam M.A., Al-Amin M.Y., Salam M.T., Pawar J.S.,
Akhter N., Rabaan AA. Alqumber M.A. Antimicrobial
resistance: a growing serious threat for global public health.
Healthcare. 2023. 11(13). 1946.
https://doi.org/10.3390/healthcare 11131946

47. Samreen Ahmad |, Malak H.A., Abulreesh H.H.
Environmental antimicrobial resistance and its drivers: a
potential threat to public health. J Glob Antimicrob Resist.
2021. 27. 101-111. doi: 10.1016/j.jgar.2021.08.001. Epub
2021 Aug 25.

48. Schar D., Zhao C., Wang Y., Larsson D.G.J., Gilbert
M., Van Boeckel T.P. Twenty-year trends in antimicrobial
resistance from aquaculture and fisheries in Asia. Nature
communications. 2021. 12(1). 5384.
https://doi.org/10.1038/s41467-021-25655-8

49. Semenova Y., Kassym L., Kussainova A,
Aimurziveva A,  Makalkina L., Avdeyev A,
Yessmagambetova A., Smagul M., Aubakirova B,
Akhmetova Z., Yergaliyeva A., Lim L. Knowledge, Attitudes,
and Practices towards Antibiotics, Antimicrobial Resistance,
and Antibiotic Consumption in the Population of
Kazakhstan. Antibiotics. 2024. 13(8). 718.
https://doi.org/10.3390/antibiotics 13080718

50. Septimus E.J.  Antimicrobial  Resistance: An
Antimicrobial / Diagnostic Stewardship and Infection Prevention
Approach. The Medical clinics of North America. 2018. 102(5).
819-829. https://doi.org/10.1016/j.mcna.2018.04.005

51. Shrestha K., Acharya K.P., Shrestha S. One
Health:The Interface between Veterinary and Human
Health. International Journal of One Health. 2018. 4. 8-14.

52. Shrivastava Saurabh, Ram BihariLal Shrivastava,
Prateek Saurabh. The global status of antimicrobial
resistance: A long way to go. Environmental Disease. 2020.
5(1). p 23-24. DOI: 10.4103/ed.ed_26_19

53. Sirjatuphat R., Chayangsu S., Srisompong J.,
Ruangkriengsin  D., Thamlikitkul V., et al. Feasibility,
Challenges, and Benefits of Global Antimicrobial
Resistance Surveillance System Implementation: Results
from a Multicenter Quasi-Experimental Study. Antibiotics
(Basel, Switzerland). 2022. 11(3). 348.
https://doi.org/10.3390/antibiotics 11030348

54. Sokolovi¢  D., Drakul D., Vujic-Aleksi¢ V.,
Joksimovi¢ B., Mari¢ S., Nezi¢ L. Antibiotic consumption
and antimicrobial resistance in the SARS-CoV-2 pandemic:

143


https://doi.org/10.1186/s13643-024-02649-3
https://doi.org/10.1016/s0140-6736(15)00474-2
https://doi.org/10.1016/s0140-6736(15)00474-2
https://doi.org/10.1016/j.eclinm.2022.101354
https://doi.org/10.1016/j.rcsop.2024.100485
https://doi.org/10.1016/s0140-6736(21)02724-0
https://doi.org/10.1016/S2666-5247(22)00227-0
https://doi.org/10.1016/S2666-5247(22)00227-0
https://doi.org/10.1186/s13756-019-0552-0
https://doi.org/10.3390/healthcare11131946
https://doi.org/10.3390/antibiotics13080718
https://doi.org/10.1016/j.mcna.2018.04.005
https://doi.org/10.3390/antibiotics11030348

Reviews

Science & Healthcare, 2025 Vol. 27 (2)

A single-center experience. Front Pharmacol. 2023. 14.
1067973. doi: 10.3389/fphar.2023.1067973.

55. Sridhar et al. emphasize that global travel plays a
crucial role in the spread of AMR by facilitating the
acquisition, carriage, and transmission of resistant bacteria
across. 2021.

56. Sutton K.F., Ashley L.W. Antimicrobial resistance in
the United States: Origins and future directions.
Epidemiology and infection. 2024. 152. e33.
https://doi.org/10.1017/S0950268824000244

57. Tadesse B.T., Ashley E.A., Ongarello S., Havumaki J.,
Wijegoonewardena M., et al. Antimicrobial resistance in Africa:
a systematic review. BMC Infectious Diseases. 2017. 17(1).
https://doi.org/10.1186/s12879-017-2713-1

58. Tang K.W.K., Millar B.C., Moore J.E. Antimicrobial
resistance (AMR). British Journal of Biomedical Science.
2023. 80. https://doi.org/10.3389/bjbs.2023.11387

59. Van Boeckel T.P., Gandra S., Ashok A., Caudron
Q., Grenfell B.T., Levin S.A., Laxminarayan R. Global
antibiotic consumption 2000 to 2010: an analysis of national
pharmaceutical sales data. The Lancet Infectious Diseases.
2014. 14(8). 742-750. https://doi.org/10.1016/s1473-
3099(14)70780-7

60. Ventola C.L. The Antibiotic Resistance Crisis: Part
1: Causes and threats. 2015.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4378521/

61. Viderman D., Brotfain E., Khamzina Y., Kapanova
G., Zhumadilov A., Poddighe D. Bacterial resistance in the
intensive care unit of developing countries: Report from a
tertiary hospital in Kazakhstan. Journal of global
antimicrobial resistance. 2019. 17. 35-38.
https://doi.org/10.1016/j.jgar.2018.11.010

62. WHO. Surveillance of antimicrobial resistance in
Europe, 2022 data. European Centre for Disease
Prevention and Control. 2023.
https://www.ecdc.europa.eu/sites/default/files/documents/N
0v2023-ECDC-WHO-Executive-Summary.pdf

63. World  Health  Organization. ~ Antimicrobial
Resistance — Key Facts World Health Organization.
2018Last accessed on 2019 Jun 11 Available from;
https://www.who.int/en/news-room/fact-
sheets/detail/antimicrobial-resistance.

64. Zellweger R.M., Carrique-Mas J., Limmathurotsakul
D., Day N.P.J., Thwaites G.E., Baker S., Southeast Asia
Antimicrobial Resistance Network A current perspective on
antimicrobial resistance in Southeast Asia. The Journal of

antimicrobial chemotherapy. 2017. 72(11). 2963-2972.
https://doi.org/10.1093/jac/dkx260

Information about the authors:

Zarpullayev Nyssan Eldosovich — Bachelor of Nursing Science, Master's Student of Medicine, Department of General
practice with a course of evidence-based medicine, NJSC "Astana Medical University", phone: 8 771 796 00 69, e-mail:
nyssan.zarpullayev@alumni.nu.edu.kz, https://orcid.org/0009-0000-2276-6937, Astana, Republic of Kazakhstan
Yurkovskaya Oxana Alexandrovna - Candidate of Medical Sciences, Acting Professor of the Department of General
medical practice, NJSC "Semey Medical University", phone: 8 702 750 65 21, e-mail: Oksanayrk@mail.ru,
https://orcid.org/0000-0002-6251-5574, Semey, Kazakhstan;

Mukanova Dinara Adletovna - Candidate of Medical Sciences, Associate Professor Department of simulation and
educational  technologies, NJSC "Semey Medical University", phone: 8701491 98 29, e-mail:
mukanova.dinara@smu.edu.kz, https://orcid.org/0000-0001-5186-2346, Semey, Republic of Kazakhstan;

Kozhakhmetova Dana Kenzhibaevna - assistant of the Department of Internal Medicine and Rheumatology, NJSC "Semey
Medical University", phone: 8 702 705 14 03, e-mail: dana.kozhakhmetova@smu.edu.kz, https://orcid.org/0000 0002-8367-
1461, Semey, Republic of Kazakhstan;

Botabayeva Ainur Serikzhanovna - assistant of the Department of Internal Medicine and Rheumatology, NJSC "Semey
Medical University", phone: 8 701 100 20 98, e-mail: ainur.botabayeva@smu.edu.kz, Semey, Republic of Kazakhstan;

Smail Yerbol Muslimovich - Candidate of Medical Sciences, Associate Professor of the Department of Infectious Diseases,
Dermatovenerology and Immunology, NJSC "Semey Medical University", phone: 8 705 528 84 09, e-mail: erbis@mail.ru,
https://orcid.org/0000-0003-3881-3747, Semey, Kazakhstan;

Shamshudinov Timur Maratovich — PhD, «Medical and diagnostic Center of otorhinolaryngology» PRO-LOR, phone: 8 701
204 10 70, e-mail: dr.shamshudinov@mail.ru, https://orcid.org/0000-0001-5015-871X, Almaty, Kazakhstan;

Kussainova Assiya Abikhasovna - PhD, Acting Associate Professor Department of General practice with a course of
evidence-based medicine, NJSC "Astana Medical University", phone: 8 707 498 73 48, e-mail: kuzilas@mail.ru,
https://orcid.org/0000 0002-5738-0804, Astana, Republic of Kazakhstan;

Derbissalina Gulmira Azhmadievna - Candidate of Medical Sciences, Head of the Department of General practice with a
course of evidence-based medicine, NJSC "Astana Medical University", phone: 8 701 346 93 31, e-mail:
derbissalina@gmail.com, https://orcid.org/0000-0003-3704-5061, Astana, Republic of Kazakhstan.

Urazalina Nailya Murathanovna - Candidate of Medical Sciences, Associate Professor of the Department of physiological
disciplines named after honored scientist of the republic of Kazakhstan, professor T.A. Nazarova, NJSC "Semey Medical
University", Semey, Kazakhstan; phone: 8 777 907 55 89, e-mail: hakim_15@mail.ru, https://orcid.org/0000-0003-0200-1763,

*Correspondence author:

Kassym Laura Talgatkyzy — PhD, Associate Professor Department of General practice with a course of evidence-based
medicine, NJSC "Astana Medical University",

Address: Astana Medical University, 49 Abay Street, Astana city, 010000, Republic of Kazakhstan

E-mail: laura.kassym@gmail.com

Phone: 8 777 735 10 62

144


https://doi.org/10.1186/s12879-017-2713-1
https://doi.org/10.3389/bjbs.2023.11387
https://doi.org/10.1016/s1473-3099(14)70780-7
https://doi.org/10.1016/s1473-3099(14)70780-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4378521/
https://www.ecdc.europa.eu/sites/default/files/documents/Nov2023-ECDC-WHO-Executive-Summary.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Nov2023-ECDC-WHO-Executive-Summary.pdf
mailto:mukanova.dinara@smu.edu.kz
https://orcid.org/0000-0001-5186-2346
mailto:hakim_15@mail.ru
https://orcid.org/0000-0003-0200-1763

