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Background: There are concerns globally with rising rates of antimicrobial resistance (AMR), particularly in low-
and middle-income countries (LMICs). AMR is driven by high rates of inappropriate prescribing and dispensing of
antibiotics, particularly Watch antibiotics. To develop future interventions, it is important to document current
knowledge, attitudes and practices (KAP) among key stakeholder groups in LMICs.

Methods: We undertook a narrative review of published papers among four WHO Regions including African and
Asian countries. Relevant papers were sourced from 2018 to 2024 and synthesized by key stakeholder group,
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country, WHO Region, income level and year. The findings were summarized to identify pertinent future activities

for all key stakeholder groups.

Results: We sourced 459 papers, with a large number coming from Africa (42.7%). An appreciable number dealt
with patients’ KAP (33.1%), reflecting their influence on the prescribing and dispensing of antibiotics. There was
marked consistency of findings among key stakeholder groups across the four WHO Regions, all showing con-
cerns with high rates of prescribing of antibiotics for viral infections despite professed knowledge of antibiotics
and AMR. There were similar issues among dispensers. Patients’ beliefs regarding the effectiveness of antibiotics
for self-limiting infectious diseases were a major challenge, although educational programmes did improve
knowledge. The development of the AWaRe (Access, Watch and Reserve) system, including practical prescribing
guidance, provides a future opportunity for the standardization of educational inputs.

Conclusions: Similar KAP regarding the prescribing and dispensing of antibiotics across LMICs and stakeholder
groups presents clear opportunities for standardization of educational input and practical training programmes

based on the AWaRe system.

Introduction

Antimicrobial resistance (AMR) increases morbidity, mortality and
healthcare costs, and is now seen as a serious public health con-
cern.’™ If not addressed, AMR could cause or exacerbate the next
pandemic.>® Whereas AMR is ubiquitous, the burden is dispropor-
tionately higher in low- and middle-income countries (LMICs),
which currently account for 80% of an estimated 10 million deaths
annually attributable to AMR.”~'? AMR levels will continue increas-
ing in LMICs unless addressed, with current high rates of AMR exa-
cerbated by the growing use of antibiotics from the WHO’s Watch
list, with resultant implications for increasing rates of MDR bac-
teria.?>*2 The classification of antibiotics into Access, Watch and
Reserve (AWaRe) groups in the WHO Essential Medicines List was
part of global initiatives to reduce inappropriate use of Watch and
Reserve antibiotics with their greater potential for selection of anti-
biotic resistance (ABR).'13* Alongside this, across LMICs including
African countries, there is continued inappropriate prescribing and
dispensing of antibiotics generally, including among children, exa-
cerbated by limited knowledge and awareness of AMR.*1:15-21

Anumber of global and regional initiatives have been introduced
in recent years to try to minimize rising rates of ABR and reduce its
consequences.’?~?*> These include the WHO’s Global Action Plan
(GAP) to reduce AMR, translated into National Action Plans (NAPs)
across member states.???® Other initiatives include the classifica-
tion of antibiotics into AWaRe groups as well as the WHO AWaRe
antibiotic book guiding optimal use of antibiotics in 35 infections
in adults and children for both the primary care and hospital set-
tings, published in 2022.'?7? However, there are currently major
concerns with the implementation of NAPs, especially among
LMICs, including among African and Asian countries, given the de-
mands on available personnel and resources.”?~*2 Similar concerns
exist regarding national and local implementation of the guidance
included within the WHO AWaRe book.>*3°

The greatest use of antibiotics in humans in LMICs is in primary
care, which can account for up to 90% of total antibiotic use in
humans and consists of mainly older multiple sourced oral
Access and Watch antibiotics.?” Consequently, strategies aimed
at reducing inappropriate antibiotic use, and consequently ABR,
among patients in LMICs should principally be focused on primary
care. Primary care includes hospital outpatients as well as com-
munity pharmacies and drugstores in addition to primary care

clinics in the community. These strategies should be aimed at re-
ducing considerable rates of inappropriate prescribing and dis-
pensing of antibiotics that currently takes place in primary care
across LMICs, especially for self-limiting conditions such as minor
upper respiratory tract infections (URTIs).”!>"1738 Physicians and
other prescribers in LMICs often prescribe antibiotics for self-
limiting conditions given severe time pressures, and the resultant
insufficient time to fully diagnose patients, combined with pres-
sure from patients to prescribe antibiotics.”'>3%4% Within pri-
mary care in LMICs, nurses and other healthcare professionals
(HCPs), including clinical officers, are also often involved along-
side physicians in the prescribing of antibiotics in public health-
care clinics (PHCs).**™** Similar to physicians, there have been
concerns with their knowledge and prescribing practices regard-
ing antibiotics.*>™*’

Many people across LMICs also self-purchase antibiotics with-
out a prescription for themselves or their children in both the for-
mal and informal sectors despite legislation.*®*”-*® High rates of
self-purchasing are driven by a number of factors.*®1”“8 Key fac-
tors include high patient copayments, limited knowledge of anti-
biotics, long waiting times to see HCPs in PHCs, shortages of
pertinent medicines in clinics, as well as the convenience and
availability of community pharmacies, drugstores and drug sel-
lers especially in rural areas.*®*”#9=>! There are though appre-
ciable concerns regarding the knowledge and communication
skills of pharmacists and their assistants, as well as among infor-
mal drug sellers, with respect to ABR and AMR.1”>2~>* However,
pharmacy personnel can play a key public health role in improv-
ing antibiotic use in the community, which builds on their role
during the recent COVID-19 pandemic.”>™>” The increased role
of community pharmacists is reflected by some countries, includ-
ing LMICs, allowing pharmacists to dispense certain antibiotics
without a prescription.’”*%°9 The lack of knowledge regarding
antibiotics, their use, ABR and AMR, as well as key aspects sur-
rounding antimicrobial stewardship, among physicians, pharma-
cists, nurses and other HCPs, usually starts in college or university
and can continue post qualification unless adequately ad-
dressed.!”:%9-62 This is a particular concern in LMICs compared
with high-income countries such as the UK.%%¢3

As mentioned, patients and clients also play an appreciable
role in LMICs regarding the overuse and misuse of antibiotics
through requesting or suggesting antibiotics to HCPs, including
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pharmacists, for often self-limiting conditions.!>®*"®’ Requests
for antibiotics are often driven by limited knowledge of antibiotics
and ABR.*>®>%¢ Educational campaigns can be effective in LMICs
to improve the knowledge of patients and reduce their requests
for antibiotics for self-limiting viral conditions, although there
are challenges.®®7° There can also be language barriers to full
comprehension, as well as a lack of a specific word or language
about infection and its treatment in LMICs, which can make it dif-
ficult for pharmacists and their assistants to fully convey con-
cepts such as the actions of antibiotics, ABR and AMR, unless
they are aware of possible language issues in advance in their de-
liberations with patients.”%~"?

Antimicrobial stewardship programmes (ASPs) are being in-
creasingly encouraged across sectors, including primary care, to
improve future antibiotic use.”>”’” There have been challenges
with developing ASPs in LMICs because of resource and personnel
issues.””"’® However, this is changing across LMICs and sectors,
enhanced by groups such as the British Society of Antimicrobial
Chemotherapy, the WHO, the Fleming Fund and the Open
University providing high-quality training on AMR and ASPs as
well as improving connectivity, with published ASPs in primary
care also providing exemplars.®®887 There is also growing use
of hub and spoke models as part of ASPs, and this will continue.®®

We are also seeing the growing use of quality indicators across
LMICs, including adherence to current guidelines, to improve
antibiotic use across sectors.®"¥9-9% The use of quality indicators
to improve future antibiotic use is likely to accelerate with the re-
cent publication of the WHO AWaRe book providing treatment
guidance for a range of common infections.**%*°* There can
though be challenges with the introduction, implementation
and monitoring of quality indicators in LMICs.%®

Consequently, given rising AMR rates across LMICs, there is a
need to ascertain the current situation regarding key stakeholder
knowledge, attitudes and practices (KAP) towards antibiotics, AMR
and ASPs in primary care. Current KAPs are important as misinfor-
mation or poor attitudes and knowledge towards antibiotics and
AMR, including lack of knowledge regarding local AMR patterns
and the implications for antibiotic dosing regimens, as well as con-
cerns with language, will further increase AMR unless ad-
dressed.”®%7 We recognize it is challenging to change attitudes
as well as prescribing and dispensing practices; however, this is
changing.!”"*#182 Changes in attitudes and practices are import-
ant to achieve the United Nation General Assembly (UNGA-AMR)
goals toincrease the use of Access antibiotics to 70% across sectors,
and combined with other activities to reduce AMR.%®

As a result, the objective of this narrative review is to docu-
ment current KAP among all key stakeholder groups in LMICs
where AMR is a particular concern. Subsequently, to use the find-
ings to provide future direction to key policy makers, academics,
HCPs and others to improve future antibiotic use in primary care
in LMICs, including potential behavioural interventions.®®
Instigating activities to improve antibiotic use in LMICs builds
on the WHO GAP initiative in 2015 to raise awareness and encour-
age best practices among HCPs, policy makers and the public
through undertaking surveys using instruments provided by the
WHO.”? In this study, we used a narrative review to understand
KAP surrounding AMR and the use of antibiotics in four critical
WHO Regions during the past 7 years (2018-2024).

Methodology

Study design

A narrative review approach was undertaken for this study, simi-
lar to other reviews of KAP studies and their implications among
LMICs.% The rationale for our adopted approach was to allow for
a broader scope of sourced papers given that information con-
tained within identified papers may be part of a broader paper,
whose insight and findings may be missed when undertaking a
systematic review. Examples include, for instance, knowledge
and attitudes towards antibiotics, ABR and ASPs among patients
visiting community pharmacies or drugstores for antibiotics to
treat their infection without initially seeking help from physicians
or nurses.' 38190 In addition, parts of studies can be included, for
example, when assessing point-of-care testing for infections,'°*
or adherence rates to current standard treatment guidelines
(STGs);'9%192 glternatively, evaluating the impact of ASPs in am-
bulatory care where pertinent.’®* The greater flexibility and
coverage of possible papers also helps provide robust future dir-
ection to all key stakeholder groups. LMICs were chosen since, as
mentioned, they face the greatest challenges with ABR and AMR,
particularly for African and Asian countries. 19

This narrative review builds on previously published systemat-
ic reviews assessing KAPs of key stakeholder groups, which have
included studies published appreciably earlier than
2018.5170,96,106-108 aq g resylt, this review focuses on more
up-to-date findings, not just on antibiotic use but also surround-
ing ABR, AMR and AMS in one comprehensive review. We have
adopted similar approaches previously when documenting, as
well as suggesting, activities to improve the care of patients
with infectious disease across sectors in both Africa and Asia to
minimize AMR.'7:2991199 Consequently, we believed this ap-
proach was more suitable for this comprehensive review, and
summarizing the resulting implications, as the principal aim of
this paper is to suggest potential ways forward for all key stake-
holder groups to improve their KAP surrounding antibiotics, AMR
and ASPs, besides acknowledging the difficulties involved with
improving future prescribing and dispensing of antibiotics in
LMICs. The suggestions will be based on the considerable experi-
ences of the co-authors, similar to other narrative reviews under-
taken by the group.'”91:109:110

A number of databases were initially searched by the corre-
sponding author (B.G.), including Google Scholar and PubMed/
MEDLINE for published papers between January 2018 and
October 2024. Search terms included ambulatory care; antibiotics;
antibiotic prescribing; primary health facilities; primary healthcare
centres; community pharmacists; patients; antimicrobial steward-
ship; antimicrobial stewardship programs; and KAP among the tar-
geted African and Asian countries within the four key WHO Regions.
These are the WHO African, Eastern Mediterranean, South-East Asia
and Western Pacific Regions.*'* The references of sourced papers,
especially those published from January 2019 to October 2024,
were also examined for potential additional references that could
be included in the narrative review to enhance its comprehensive
nature. The co-authors from across the four WHO Regions also pro-
vided additional relevant papers to enhance the review. As a meas-
ure of quality, only the sourced papers that are cited in PubMed are
included in the tables.

3 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ



Review

Step One I ‘ Step Two ‘

‘ Step Three }

Initiate

Divide

WHO
Regions

humans
Group

Figure 1. Synopsis of the literature review methodology.

Sourced papers concerning KAP regarding antibiotics, ABR,
AMR and AMS in primary care, including hospital outpatients,
were divided into the four key WHO Regions for comparative pur-
poses (Figure 1). After this, the results were further divided into
individual countries in each WHO Region according to their cur-
rent World Bank economic status (Figure 1). The current econom-
ic status includes three groups: low-, low-middle- and
upper-middle-income countries.''? This breakdown has been
undertaken since there can be differences in utilization patterns
and challenges between income levels due to many issues in-
cluding access and affordability of care.'® The main stakeholders
within each country have been further divided into four groups for
comparative purposes: (i) prescribers including physicians and
nurses, (ii) dispensers including pharmacists and drug sellers,
(iii) students including both healthcare and non-healthcare stu-
dents, and (iv) patients and the public.

Inclusion and exclusion criteria

Within the LMICs, given the high numbers of papers reviewed, we
concentrated on countries in Africa, the Middle East and Asia in
the four WHO Regions where concerns with antibiotic utilization
patterns and ABR levels are at a critical point.>/'!!

Only papers dealing with primary care, including hospital out-
patients, and published from 2018 onwards until November 2024
were eligible for inclusion in this review. Primary care was se-
lected as the focus for this review because it currently accounts
for up to 90% of antibiotic use in humans in LMICs.>” The year
2018 was taken as the early cut-off for sourced papers, with
NAPs only launched from 2017 onwards following the WHO
GAP in 2015; however, we recognized ongoing concerns with
their implementation.?%29:33113

We are aware that the extensive social restriction measures
introduced to combat COVID-19, which included closure of uni-
versities, had a profound impact on the education of HCPs across
LMICs.'**11® However, we have not separated out papers deal-
ing specifically with COVID-19 and its implications, principally
treating COVID-19 as another viral infectious disease as patients
with COVID-19 were often inappropriately treated with antibio-
tics, especially across LMICs.*17-119

literature Screen
search sourced sourced screened collated
using key papers to B2 Pels by papers by papers by
words include Region, Country and Objec‘nw.as,
across only Country, Income Study De.5|gn,
countries ambulatory Income Level and by Population
in the care and level and Authors and and
Stakeholder Publication Summary of

Collate Summarize

Year Key Findings

Exclusion criteria included studies discussing KAPs of key HCPs
treating inpatients in hospitals as well as LMICs outside the four
designated WHO Regions. We also excluded papers published be-
fore 2018, those exclusively dealing with animals/veterinary
scientists, and any paper not cited in PubMed (for inclusion in
the tables).

Data analysis and narrative synthesis of findings

The data analysis process followed a systematic approach to
identify, extract and organize relevant information from the stud-
ies, including information about the studies’ characteristics and
outcomes of interest. Activities included creating tables contain-
ing a summary of the objectives, methodology and key findings
by each key stakeholder group (prescribers, dispensers, students
and patients/public) as well as by country and region.
Furthermore, the documented synopsis for each cited paper in-
cluded the country, its economic status and the study design
as well as the number of participants. Details of any question-
naire design were also included where documented as a key
element of the paper and its findings, especially how the ques-
tionnaire was developed including any pilot studies as well as
any validation. The publication year along with the first author
was also included in the tables, with the papers listed in year se-
guence to assess changes over time where pertinent (Figure 1).
Key findings were also documented as part of the narrative syn-
thesis led by the principal author (B.G.). Key findings included any
differences between perceived knowledge of antibiotics, ABR,
AMR and AMS, among the stakeholder groups versus actual prac-
tices, especially in terms of prescribing, dispensing or using anti-
biotics for essentially self-limiting conditions, driving up ABR.
The emerging themes from each stakeholder group across the
LMICs and the four WHO Regions were subsequently synthesized
into major themes for comparisons within and across the four
WHO Regions. No attempt was made to combine the findings
and produce any summary statistics apart from documenting
the number of sourced papers by country and WHO Region in
view of the recognized heterogeneity of the sourced papers in
terms of the populations studied and the methodology.
However, key reported quantitative descriptive statistics or
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measures of effect, such as prevalence rates or mean/median
scores related to specific study outcomes or thematic areas,
were summarized. This approach was employed to capture the
anticipated variability across different studies and contexts, par-
ticularly given the diverse methodologies and populations exam-
ined across LMICs, as well as key differences between stated
knowledge regarding antibiotics and AMR and actual practice.
The use of descriptive statistics, including ranges where pertin-
ent, allows for a broader representation of the findings, account-
ing for regional and contextual differences while providing an
aggregated view of key outcomes, including KAP towards anti-
biotic use, ABR and AMS. Where relevant, the figures are dis-
cussed in the context of each theme to highlight variations and
commonalities across the different studies and regions.

The consolidated themes were subsequently used to structure
a range of future potential interventions to improve KAP in all key
stakeholder groups, summarizing key activities to instigate and
improve antibiotic use in primary care.

Ethical considerations

Ethical approval was not needed for this review as this study did
not involve direct contact with humans as noted in similar
studies.”17:82,109

Results

The general findings will be discussed first before synthesizing the
findings by each stakeholder group and region.

General

Atotal of 459 papers were sourced across the LMICs that met the
inclusion criteria. These have been divided into the four key stake-
holder groups across the four WHO Regions (Tables S1 to S16,
available as Supplementary data at JAC-AMR Online).

An appreciable number of sourced papers came from the
African Region in all four stakeholder categories, representing
42.7% of all published studies, with most coming from Ghana,
Nigeria, South Africa and Tanzania (Table 1). The number of pa-
pers is perhaps not surprising, with the greatest burden of infec-
tious diseases worldwide, including HIV and AIDS, acute
respiratory diseases, malaria and TB, currently in Africa.*?%!!
Alongside this burden, there are high and growing rates of AMR
among African countries.'9>*207122 The appreciable number of
publications emanating from China (8.1% of total publications)
may reflect high rates of inappropriate antibiotic prescribing
and dispensing in the country, encouraged by limited patient
knowledge, despite recent government initiatives, along with
high rates of AMR.*?*"*?” This may be changing; however, there
is a continued need to encourage appropriate prescribing and dis-
pensing of antibiotics to reduce AMR in the country.*?8-130

The considerable number of papers documenting the KAP of
the patients/public (33.1% of the total number of publications
within each stakeholder group—ascertained by documenting
the number of papers cited in Tables S13 to S16 by the total num-
ber of cited studies in Tables S1 to S16) reflects their appreciable
role in influencing the prescribing and dispensing of antibiotics in
LMICs (Table S20).

Differences have been seen between high-income countries
and LMICs, especially with respect to antibiotic use patterns, in-
cluding the self-purchasing of antibiotics, which is appreciably
greater in LMICs, as well as educational campaigns among pa-
tients.111248131-135 However, concerns about the knowledge of
physicians with respect to antibiotics and AMR have been seen
across all countries irrespective of income level.*® Initially, edu-
cational campaigns among patients to improve their knowledge
were principally undertaken in high-income countries.'*37:13%
However, this is now changing.®®139-143

The findings from the four key stakeholder groups across the
four WHO Regions are summarized in Tables S17 to S20. The con-
solidated findings have subsequently been expanded to provide
additional background to potential interventions that can be im-
plemented by key stakeholders going forward. This includes doc-
umenting concerns and issues with the KAP of each stakeholder
group across the four Regions, alongside any appreciable differ-
ences between stated knowledge regarding antibiotics and ABR
and actual practice. The latter is seen as particularly important
when it comes to suggesting future activities.

Summary of key findings among each stakeholder group
across the four WHO Regions

Prescribers

Overall, reported rates of antibiotic prescribing in primary care
were broadly comparable across the LMICs in the four WHO
Regions independent of World Bank income levels (Table S17).

High rates of prescribing of antibiotics were noted among phy-
sicians (range: 23%-97%) as well as nurse practitioners and clin-
ical officers (range: 35.8%-69%) across the four WHO Regions.
However, in some of the LMICs, a higher rate of prescribing of
antibiotics was seen among physicians compared with other
HCWs.*614% private health professionals and informal providers
also tended to have higher rates of antibiotic prescribing (range:
26.2%-64.3%) across the four WHO Regions. This though was not
always the case.®*?

Antibiotics were often prescribed for self-limiting conditions,
including acute respiratory infections (up to 97%), across the
four WHO Regions. This was exacerbated by the lack of time
that prescribers typically have with patients in PHCs coupled
with patient demands for antibiotics across the LMICs.
However, there were exceptions among some countries. This
was particularly the case in the Eastern Mediterranean Region
where a number of prescribers believed antibiotics were not ef-
fective against viral infections, with the body able to fight mild in-
fections without the need for antibiotics.6®%°~1%” However, this
was not always the case in this Region, especially where a diag-
nosis or indication was lacking.>>148149

There were also variable adherence rates to current guidelines
among LMICs in the four WHO Regions. This is important with ad-
herence to guidelines increasingly seen as an important marker
of the quality of care provided.?*%°° Where recorded, compliance
rates varied across the WHO African (45.1%-94.9%), Eastern
Mediterranean (32.5%-69.5%), South-East Asia (31.9%-98.5%)
and Western Pacific Regions (29.3%-93.37%. As a result, in
some LMICs and Regions, there were high rates of prescribing
of Watch antibiotics.'*#%°71%? This included the African Region,
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Table 1. Breakdown of published studies by WHO Regions and stakeholder groups®

WHO Region Prescribers Dispensers Students Patients/public
African Region
Countries 23 13 12 18
Published studies 90 (40.7%) 40 (18.1%) 27 (12.2%) 64 (29.0%)
Top countries with published + South Africa: 23 « South Africa: 7 studies < Nigeria: 7 studies * Ghana: 11 studies
studies studies + Ethiopia and + Uganda: 4 studies « Ethiopia, Nigeria, Tanzania:

« Tanzania: 12 studies
Eastern Mediterranean Region
Countries 6 9
Published studies 19 (18.8%) 28 (27.7%)
Top countries with published « Jordan: 5 studies

studies * Pakistan: 4 studies  « Egypt: 4 studies
South-East Asia Region
Countries 8 6

Published studies
Two top countries

29 (26.6%)
« India and Nepal: 8
studies each

34 (31.2%)

studies

Tanzania: 5 studies

* Pakistan: 13 studies

+ Bangladesh: 12

7 studies each

7 12

20 (19.8%) 34 (33.7%)

* Pakistan: 7 studies * Pakistan: 9 studies
« Jordan: 5 studies « Jordan: 7 studies

5 6

17 (15.6%) 29 (26.6%)

+ Bangladesh, India, Nepal and Sri + Bangladesh: 11 studies
Lanka: 4 studies each + India: 7 studies

* Nepal: 11 studies

Western Pacific Region
Countries 5 4
Published studies 27 (30.7%) 8(9.1%)
Two top countries + China: 13 studies
+ Vietnam 5 studies

« China: 3 studies
* Vietnam: 3 studies

2 5

10 (11.4%) 43 (48.8%)

+ China: 6 studies + China: 20 studies

+ Malaysia: 4 studies + Malaysia and Vietnam: 8
studies each

“Percentage values in brackets of the total number of papers from each Region for each stakeholder group. The total number of documented studies at
518 is more than 459 as some studies included different countries and stakeholder groups.

where up to 55.3% of antibiotics prescribed in one country and
sector were from the Watch group;'*? in the South-East Asia
Region up to 54.9% of antibiotics in India in one study were
from the Watch group;*>* and in the Western Pacific Region the
rate was up to 31% or more.'*®

There were also concerns with knowledge regarding antibio-
tics, ABR, AMR and AMS among prescribers across the four WHO
Regions irrespective of World Bank income levels. However, there
was variability regarding the extent of concerns for these key is-
sues both within and across the Regions. Typically, qualified phy-
sicians had greater knowledge of antibiotics, ABR and AMR than
other prescribers, including unqualified prescribers. Terminology
was also an issue in some countries.

Another key identified concern was that although in some
LMICs there was good knowledge of antibiotics, ABR and AMR
among prescribers, this typically did not always translate into ac-
tual prescribing practices with, as mentioned, typically excessive
prescribing of antibiotics across the four WHO Regions. Excessive
prescribing of antibiotics includes prescribing them essentially for
viral infections such as URTIs as well as those from the Watch list
where Access antibiotics or no antibiotics initially are more appro-
priate. For instance, in the African Region in Sierra Leone in one
study, physicians demonstrated sound knowledge and attitudes
regarding antibiotics and ABR; however, 68% of them believed
that the prescribing of antibiotics may speed up recovery from
a cold or cough.*® In Nigeria, 49.2% of prescribers had good

knowledge of ABR and AMR; however, 75.7% admitted prescrib-
ing antibiotics for sore throats.’®” Alongside this in South Africa,
95.8% of prescribers in one study believed ABR is a major prob-
lem; however, 66.5% felt pressure from patients to prescribe anti-
biotics for their presenting infectious disease irrespective of their
potential effectiveness for the presenting infectious disease and
the need.’*®

In the Eastern Mediterranean Region in Palestine in one
study, despite only 9.2% of participating physicians believing
antibiotics can be used to treat viral infections, 60.8% would
prescribe antibiotics for acute sinusitis, and 43.4% for a
17-year-old complaining of a sore throat or nonproductive
cough.*®® In Egypt in one study, 98.7% of participating physi-
cians believed bacteria can become resistant to antibiotics;
however, 61.4% believed that broad-spectrum antibiotics are
preferred for treating URTIs.“® In the South-East Asia Region
in one study in India, although over 90% of prescribers claimed
their antibiotic knowledge was adequate, over 88% of physi-
cians reported prescribing antibiotics for viral infections such
as common colds or sore throats.“® In Sri Lanka, 99.6% of par-
ticipating physicians in one study stated that antibiotics should
not be prescribed to any patient with fever, but 52.3% almost al-
ways/often/sometimes felt under pressure to prescribe antibio-
tics if patients expect these.®° In the Western Pacific Region, for
instance in Lao, 91% of physicians stated that extensive use of
antibiotics increases the risk of ABR, but 39% would prescribe
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an antibiotic to an adult with a runny nose, cough or fever to
hasten recovery.®!

The need for enhanced training regarding antibiotics, the
AWaRe classification, ABR and AMS, was seen as a definite re-
quirement among all prescribers, including physicians and
nurses, across the LMICs in the four WHO Regions to improve fu-
ture prescribing. This also included training surrounding current
national STGs, and with the recent publication of the WHO
AWaRe book where no current national STGs exist.?”® This is im-
portant with cited studies (Tables S1 to S4) showing that educa-
tional and other interventions surrounding STGs increased the
appropriateness of antibiotic prescribing.5®132162-165 1n qddition,
prescribers who had access to STGs were less likely to prescribe
antibiotics.’®® Multiple initiatives in China in recent years have
also enhanced appropriate prescribing of antibiotics with im-
proved training.'?%1%°

Dispensers

A similar picture to that for prescribers was seen among dispen-
sers across the four WHO Regions (Table $18), with again the find-
ings irrespective of World Bank income levels. There were
typically high rates of dispensing of antibiotics without a prescrip-
tion across the four WHO Regions where rates were documented.
Rates of self-purchasing included up to 100% of patients visiting
community pharmacies in the African and Eastern
Mediterranean Regions,*®”*®® up to 94% among community
pharmacies and drug sellers in the Western Pacific Region,*®?
and up to 86.7% among patients visiting community pharmacies
in the South-East Asia Region.'®®

Alongside this, similar to the prescribers across LMICs, the dis-
pensing of antibiotics without a prescription was typically for self-
limiting conditions including URTIs, acute respiratory infections
(ARIs) and acute diarrhoea as well as for aches, pain and inflam-
mation. Identified concerns going forward also included appre-
ciable dispensing of antibiotics from the Watch group in some
of the studied LMICs. High rates of dispensing of azithromycin
were also seen among patients with COVID-19 (99.1%) in
Kenya.!’ Watch antibiotics also accounted for 53.6% of antibio-
tics dispensed among patients visiting community pharmacists in
Bangladesh,*’* and for 49.3% of antibiotics dispensed among
patients visiting community pharmacies in Pakistan.'’?
Pharmaceutical company promotional activities also enhanced
the dispensing of azithromycin without a prescription in
Nepal.'”* There were also high rates of dispensing of antibiotics
from the Reserve group among community pharmacies in
Bangladesh (10%) and Pakistan (19.0%).'7*172

Overall, the reasons for high rates of dispensing of antibiotics
without a prescription where this occurs were similar across the
LMICs and WHO Regions irrespective of World Bank income sta-
tus. Key reasons included high patient copayments, convenience
of pharmacies, ease of access to antibiotics in community phar-
macies and drugstores as well as pressure from patients or carers
to dispense.”>1°81747176 If gnything, rates of dispensing of anti-
biotics without a prescription were higher in drug outlets versus
community pharmacies, and for children versus adults.”®83
However, this was not always the case.*®

Not all countries within the four Regions experienced high
rates of dispensing of antibiotics without a prescription. There

were stricter regulations and greater access to HCPs in some of
the LMICs, for example Botswana and Namibia in Africa and
Malaysia in South-East Asia. In these countries, there are strict
regulations surrounding the dispensing of antibiotics without a
prescription, which is typically enforced, alongside activities of
pharmacists to offer alternatives through training.!”>’18> There
was also limited dispensing of antibiotics without a prescription
to patients for essentially viral infections in community pharma-
cies linked to the University of Nairobi in Kenya.'86187

Pharmacists with greater experience, and following educa-
tional activities, were generally less likely to sell antibiotics with-
out a prescription.®®188185 However, this was not always the
case.'?° Similar to prescribers, although knowledge of antibiotics,
ABR and AMR appeared reasonable to good among dispensers in
a number of LMICs, this again did not always translate into actual
practice. Dispensers across the four WHO Regions typically recog-
nized their own knowledge and skills gap. They also acknowl-
edged issues of language surrounding the terminology for
antibiotics, ABR and AMR as a barrier to reducing inappropriate
dispensing of antibiotics for essentially self-limiting condi-
tions.®9~1191 Reql-time feedback to community pharmacists
using mobile and other technologies could also facilitate im-
proved dispensing alongside improved adherence to standard
guidance including treatment guidance in the recently launched
WHO AWaRe book.?”*®

Students

There were again similar issues regarding the knowledge of
healthcare students concerning antibiotics, ABR, AMR and AMS
across the LMICs in the four WHO Regions. There were also similar
concerns among the countries and Regions irrespective of coun-
try income levels (Table S19).

Good knowledge regarding antibiotics among students was
seen in some studies in the African Region. In Zambia, 87.3% of
participating medical students had good knowledge regarding
antibiotic use and AMR, with 99.2% believing antibiotics can
cure bacterial infections and 93.5% that antibiotics cannot cure
viral infections.*® In Malawi, over 88% of surveyed students in
one study correctly answered more than half the questions re-
garding antibiotics and AMR.*® In addition, in Nigeria 98.4% of
surveyed students in one study believed AMR was an important
global public health issue,*®* with 94.8% in another study believ-
ing that antibiotics are overused in their country.*®> In Rwanda,
98.7% of participating students had heard about AMR, and
78.6% had discussed AMR during their courses, with 95.2% be-
lieving that inappropriate use of antimicrobials increases
AMR." ¢ In Uganda, 87.5% of surveyed students had sufficient
knowledge about AMR.*®’ In another study among universities
in East Africa, 72.9% of participating students had a good atti-
tude and perception regarding antibiotic use. The extent of
good attitudes was highest in Uganda versus Kenya and
Tanzania.'®® There was also typically greater knowledge regard-
ing antibiotics, ABR and AMR among final-year students versus
students with less experience, and among healthcare versus
non-healthcare students across studies.'9%193:199.200

Despite this, there were generally considerable concerns
regarding the attitude and practice towards antibiotics and
AMR among the surveyed students across Africg,*%19%201-204

7 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data

Review

This was also reflected by high rates of self-purchasing of antibio-
tics without a prescription, including for self-limiting conditions
such as coughs, colds, sore throats and diarrhoea, among
students across Africa.?12932%% Rates of 55.3% to 93.8% for
self-purchasing without a prescription were seen in studies in-
cluding among students from Ghana, Nigeria, Tanzania and
Uganda.98199:201,203,205.206 Thase high rates of self-purchasing
were driven by easy access and convenience of pharmacies, per-
ceived only minor illnesses, the costs involved, including cost
savings with self-medication, and prior knowledge.?°’-2%

A similar situation was seen among students in the Eastern
Mediterranean Region. In Palestine in one study, 97.4% of stu-
dents stated they knew about AMR and 86.7% that the overuse
of broad-spectrum antibiotics increases AMR.?*° In Egypt in one
study, 95.7% of surveyed students believed indiscriminate use
of antibiotics increases ABR and AMR,%** and in Jordan, 93% of
students in one study stated they knew that unnecessary use
of antibiotics makes them ineffective, with 85.5% stating that
antibiotics are ineffective against viruses.?*? In Pakistan, 85.7%
of students in one study stated that they knew about AMR,
with 79.4% agreeing that a contributing factor for AMR was
poorly designed dosing regimens.?*?

However, despite these encouraging signs, there was again
appreciable concerns with the overall knowledge of students re-
garding antibiotics, ABR and AMS across this Region. This was re-
flected in high rates of self-purchasing of antibiotics among
students in a number of the countries. Rates of self-purchasing
of antibiotics ranged from 38.1% to 60.8% among surveyed stu-
dents in the Region.’**"21¢ There was also a high percentage of
students who believed that antibiotics are effective and/or first
line in treating self-limiting viral infections including coughs, colds
and influenza.?**?'’=?19 In the Middle East, including Egypt,
Jordan and Lebanon, 51.7% of pharmacy students reported tak-
ing antibiotics to manage a fever.?*® In Pakistan in one study,
51.4% of surveyed students believed antibiotics can be taken
as preventative measures.?’ Among Arabic-speaking countries,
including Jordan, Iraq and Palestine, 44.5% of students believed
antibiotics are effective against colds and coughs,??* and in an-
other study involving students in Palestine, 66.1% were not con-
fident about AMS.?'° Alongside this, 43.3% of students in one
study in Egypt believed that ABR is only a problem if antibiotics
are taken regularly.?*’

Similar to the situation in the African Region, there was gener-
ally greater knowledge regarding antibiotics, ABR and AMR
among more mature students in the Eastern Mediterranean
Region, and with healthcare compared with non-healthcare
students.?*216

Similar to the other Regions, appreciable differences were
seen between knowledge and practice among countries in the
South-East Asia Region. In India, 91.8% of students in one study
believed antibiotics were useful for treating bacterial infec-
tions,”?? with 84.1% and 82.4% of students, respectively, in an-
other study believing inappropriate use of antibiotics, and not
completing the full course, increases ABR.??> A study in
Bangladesh found that 91.7% of students believed that dispens-
ing antibiotics without a prescription increases ABR, with 82%

believing the overuse of antibiotics increases ABR.??“ In one study
in Nepal, 83.3% of students believed that ABR means that anti-
biotics are taken too often and will not work.??> In three Asian
countries, including Indonesia, 80.1% of participating students
in one study recognized it was inappropriate to treat diarrhoea
with antibiotics, with 75.8% strongly disagreeing or disagreeing
that AMR is not a serious problem.%®

However, again there were appreciable concerns regarding
the practical knowledge of students concerning antibiotics,
ABR, AMR and AMS. In Nepal in one study, 73.7% of participating
students thought that antibiotics can cure infections caused by
viruses.??” In Indonesia, only 26.1% of participating students in
one study stated it was inappropriate to treat URTIs with antibio-
tics.?? In Sri Lanka, between 40.2% and 63% of surveyed stu-
dents in various studies believed antibiotics could cure colds,
sore throats and influenza.??®7?*! In Bangladesh, 44.4% of stu-
dents in one study believed that antibiotics could prevent viral in-
fections.?”* There was also appreciable self-purchasing of
antibiotics among students, including 67.78% of students in
one study in India,**? up to 61.7% of students in Nepal,?3%23*
and 42.2% to 91.7% in Bangladesh.??*?3>23¢ However, this was
not always the case among the Regions.?*” Self-purchasing of
antibiotics among students in this Region was again typically
for self-limiting conditions including fevers and ARIs.?3%7236:238
Principal reasons for self-medication with antibiotics among stu-
dents again included convenience, long waiting times to see phy-
sicians, previous experiences with antibiotics, the condition is not
serious, and costs.?3%236

Mirroring other Regions, there again appeared greater knowl-
edge regarding antibiotics, ABR and AMR among healthcare and
biology students versus other students in the South-East Asia
Region as well as among more mature students.??*227-229

Lastly, in the Western Pacific Region there were again differ-
ences between perceived knowledge and actual practice among
students. In one study in China, more than 85.0% of surveyed
students were aware that the overuse of antibiotics is a serious
problem that could cause AMR as well as lead to difficulties in
treating bacterial infections.?* In other studies, 74.2%-88.5%
of students reported being aware of the dangers posed by the
overuse of antibiotics.?*>?! In one study in Malaysia, more
than 88% of surveyed students totally agreed or agreed that
penicillin or amoxicillin are antibiotics, and that antibiotics are
useful for treating bacterial infections, with 77.5% also stating
they do not take antibiotics to treat a cold or sore throat.”*?

In contrast, only 47.0% of surveyed students in one study in
China did not agree that antibiotics could reduce the symptoms
of common colds,?*° and in another, 75.2% of students stated
they had performed inappropriate antimicrobial practices.?*?
Another study in China reported that 54.3% of students were un-
aware that antibiotics were ineffective against viral infections,
with only 41.6% agreeing that every person treated with antibio-
tics is at an increased risk of antibiotic-resistant infections.”*’
There was a similar situation in Malaysia, with only 3.3% of sur-
veyed students in one study having a good level of knowledge
about antibiotics;?** in another study, only 26.1% of students, in-
cluding those from Malaysia, believed it inappropriate to treat
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URTIs with antibiotics.?® Self-medication with antibiotics was
also seen in 48.8%-73.9% of students in China,?“%?“> and in up
to 33.7% of students for a cough in Malaysia.?**

Similar to other studies, students with a medical background
in the Western Pacific Region were significantly associated with
better antibiotic use behaviours and knowledge versus other stu-
dents.?**?4> In addition, more mature students had better
knowledge regarding antibiotics, ABR and AMS than junior
students. 24224

Overall, there was a recognized need among healthcare stu-
dents across all four WHO Regions, irrespective of World Bank in-
come levels, for greater training on antibiotics, ABR, AMR and AMS
during their undergraduate years, with greater training seen as
effective with improving knowledge scores.?**?*’ There was rec-
ognition that HCPs would need further updated training post-
qualification with continuing professional development (CPD).
This should include practical tools to help with diagnosis and
treatment, as well as tools to provide up-to-date information
on local resistance patterns to aid future prescribing and
dispensing. To this end, training about robust guidelines such as
the recent AWaRe classification and guidance is seen as
important.>2728

Patients/public

There were similar concerns and issues to the other key stake-
holder groups among patients and the public across the LMICs
in the four WHO Regions with respect to their KAP towards anti-
biotics, ABR and AMR (Table S20).

In the Democratic Republic of Congo in the WHO African
Region, all interviewed patients in one study were familiar with
the term ‘antibiotics’, with most describing antibiotics as medi-
cines used to treat infections.?*® Similarly in Ethiopia, 95.9% of
participants correctly agreed with the definition of antibiotics,
with 59.4% of participants having heard the term AMR, and of
these 50.4% were aware of the problems of ABR.?*? In other
studies in Ethiopia, 58.2% of participants were aware of the exist-
ence of ABR, 48% had moderate knowledge of antibiotics and
AMR, with 35% having good knowledge.?*=?>? In Cameroon,
88.3% of those surveyed in one study stated that antibiotics treat
microbes, with only 11.8% believing that antibiotics can be used
to treat viral diseases.”>® In Ghana, 82.4% of respondents in one
study were aware that the misuse of antibiotics is a major driver
of ABR, and 74.4% knew that ABR is a failure of antibiotics to kill
germs.?>* In another study in Ghana, 75.9% of participants had
good knowledge regarding bacteria’s ability to become resistant
to antibiotics.?>® In Tanzania, 96.33% of participants in one study
believed that self-medication with antibiotics increases ABR.%>® A
similar situation was seen in Nigeria, Senegal, South Africa and
Zambia.?*’?%? In Nigeria, 76.6% of patients in one study stated
that bacteria would become less resistant to antibiotics after pro-
longed use, with only 22.1% believing that antibiotics cure colds
and sore throats faster than other remedies.?®!

However, a number of concerns were identified across the
countries in the African Region. In Tanzania in one study, only
10.9% of participating parents or guardians had good knowledge

about antibiotics,?® and in the Democratic Republic of Congo,
antibiotics were being used to treat a range of conditions includ-
ing fever, coughs and profuse sweating.?*® In Malawi, 92.4% of
participants in one study believed antibiotics could stop a fe-
ver,?®* and in Senegal, 72.3% believed antibiotics are effective
against a cough,”” with 68% of participants in Tanzania in one
study admitting to using antibiotics to treat coughs.?®®
Elsewhere in Tanzania, 61.4%-62.5% of participants in different
studies believed sore throats could be treated with antibio-
tics.266267 In South Africa, 66% of participants in one study incor-
rectly stated that antibiotics are effective for treating viruses,?®?
with generally a common misconception that antibiotics can
treat colds, influenza and fever.?®® Alongside this in Uganda in
one study, 60.2% of children with ARIs were treated with antimi-
crobials,”®® and in Zambia in different studies, 58.2% of partici-
pants had taken an antibiotic for a common cold,”*® and 59.1%
had used antibiotics inappropriately.?’® Similar findings were
seen in Eritreq, Ethiopia, Ghana, Nigeria, Mozambique and differ-
ent studies in Zambia.??%271=277

Among the countries in the WHO African Region, patients also
admitted to appreciable self-purchasing of antibiotics without a
prescription. Self-purchasing was typically for self-limiting condi-
tions including coughs, colds and fever, which was driven by ease
of access to community pharmacies and drugstores and their
availability in these locations, previous experience, condition
seen as minor, costs, location (e.g. rural area) as well as a desire
for quick relief of their infectious diseases 26%27227%278-284
Documented rates of self-purchasing of antibiotics among par-
ticipating patients in the studies varied across the countries.
These were 23.6% in Kenya,”®® 38.9% in Ethiopia,*®! 45.1%
among participants in Eritrea including for URTIs,?®% 55.4% in
Uganda,?®® 58%-76.3% in Tanzania,”>®?%* 36%-76% among
participants in Ghana,'°%287:288 74.0% in Zambia,?*® 47%-
81.4% in Cameroon,”*>?% 26%-86.5% in Nigeria,’°®??° and
93.75% in Mozambique.?*

In the WHO Eastern Mediterranean Region, there were again
appreciable differences between stated knowledge and practice.
In Jordan, 88.3% of participants agreed that antibiotics are being
excessively used to treat URTIs,??? with up to 92.6% of partici-
pants in one study believing antibiotics are ineffective against
common colds,?® and only 27% of participants in another study
believing antibiotics can be used to treat both bacteria and
viruses.”* There were similar findings in studies in Morocco,
Pakistan and Yemen.642°°29 For instance in Pakistan, 61.7% of
participants in one study had good knowledge regarding antibio-
tics and AMR and the fact that antibiotics kill bacteria.®

Among participants in a study in Afghanistan there was poor
knowledge regarding antibiotics, with surveyed patients typically
seeing antibiotics as the ‘desired medication’, with high expecta-
tions that antibiotics will be prescribed by physicians for their in-
fections whatever the cause.??’ In Yemen, 88.8% of participants
in one study stated they had used antibiotics to treat a fever,?®
and in Morocco, 78% of those surveyed in one study believed that
respiratory tract infections (RTIs) should be treated with antibio-
tics.?°® In Jordan, 72.4% of participants strongly agreed/agreed
that once a child develops a fever, they should be given
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antibiotics regardless of the cause.’®” In Pakistan in one study,
the majority of participants believed antibiotics can treat viral in-
fections and that all types of infection can be cured with the help
of antibiotics,®* with overall knowledge regarding ABR seen as
poor.?*® Among Arabic-speaking countries including Egypt, Iraq,
Jordan and Palestine, 58.8% of surveyed patients thought anti-
biotics are effective against sore throats, and 57.6% believed
they combat common colds, coughs and nasal congestion.??*

Similar findings were also seen in other studies in Jordan,?9%2%°
Irag®®® and Pakistan,>?3%12%2 gs well as in Lebanon and
Tunisig.303-30°

Self-medication with antibiotics among patients was also
common in the WHO Eastern Mediterranean Region.
Documented rates among patients ranged from 20.6% of parti-
cipants in Tunisia®® to 32.1% in Egypt,*>°® 33.4%-59% in
Pakistan,*°3%7 44% in Jordan,*°® 45.8% in Iraq,°° up to 56.1%
in Sudan,*°° 61.6% in Iran>'° and 68% in Morocco.?%®

Similarly in the WHO South-East Asia Region, there were again
considerable differences between stated knowledge and actual
practices. In Nepal, 94.1% of participants in one study answered
correctly that antibiotics are useful for killing germs, and 84.1%
that antibiotics are often not needed for treating colds and influ-
enza.*'! In India, 78.7%-89.7% of participants in various studies
agreed that it is the obligation of everyone to use antimicrobials
responsibly to reduce AMR.>'#3*3 In Indonesia, 67.7% of partici-
pants in one study correctly stated that inappropriate use of anti-
biotics will cause ABR,*'* and only 12.5% believed antibiotics are
effective against viruses.®'® Similar findings regarding the appro-
priate and inappropriate use of antibiotics and ABR were seen in
studies in Bangladesh and Myanmar.?*¢:317

In contrast in Nepal, 84.6% of participants in one study re-
ported sometimes preferring an antibiotic when they have a
cough or sore throat,*** and in another study participants typic-
ally demonstrated a low level of knowledge concerning AMR.**#
In Bangladesh in one study, 90.7% of participants believed anti-
biotics are effective in treating viral infections, and 84.76%
thought that antibiotics speed up recovery from most coughs/
colds.>*® In addition, community pharmacists in Bangladesh be-
lieved that if they advise patients against taking antibiotics for
minor illnesses including colds/coughs and fever, or insisting on
dispensing antibiotics only with a prescription, patients may
take their business elsewhere.'®3 In Indig, there was minimal un-
derstanding of the term antibiotic in one study,**® and in Sri
Lanka, overall knowledge among participants about antibiotics
was poor.>?° Similar findings were seen in other studies in
Bangladesh and Nepal,*?'2?? as well as in India, Indonesia and
Myanmar.313314317,323

Again, self-purchasing of antibiotics was reported by patients
across the WHO South-East Asia Region. Reported rates ranged
from 11% in Sri Lanka,>*° up to 50.9%-80.9% in Bangladesh,
which included high rates of dispensing of antibiotics from the
Watch list.}’33%% The top three infectious diseases for self-
medication with antibiotics in Bangladesh were coughs, colds
and a fever.??> In one study in India, participants stated that
they typically go to informal providers as a result of economic
conditions, with coughs and colds typically treated with antibio-
tics for 3 to 5 days.>*®

Similarly, in the WHO Western Pacific Region there were again
appreciable differences between stated knowledge regarding

antibiotics, ABR and AMR and actual practices. In China, 83.5%
of participants in one study believed that antibiotics are not ne-
cessary for common colds, and 70.2% averred that overuse of
antibiotics increases ABR, with similar findings seen in an add-
itional study (62.8% of participants).??”-*? In Cambodia, 74.8%
of participants in one study believed that AMR will make infec-
tions more difficult to treat,*”® and in Malaysia in one study,
the majority of respondents had good knowledge of antibiotic
usage and ABR problems.**° Similar findings regarding good atti-
tudes towards antibiotics were also seen in other studies in Chinag,
Malaysia and Vietnam, 331333

However, common uses of antibiotics among patients in Lao
and Thailand included for coughs (30.5%), fevers (30.5%) and
sore throats (28.9%).”° In Vietnam, only 18.8% of participants
in one study knew that ABR has a negative effect on antibiotics
in terms of reducing their effectiveness.*** Frequent and
indiscriminate use of antibiotics is common among patients
in Vietnam, driven by the powerful appeal that antibiotics
have, with 67.9% of participants in one study believing that
antibiotics can be used to treat viruses.**>*3¢ Similarly in
China, 91.6% of participants in one study believed that antibiotics
can control viruses,®*’” with 81.3% of participants in another
study admitting to using antibiotics to treat their RTIs.>*®
In Malaysia, studies among patients also documented a high
percentage believing antibiotics can hasten recovery from viral
infections, or cure these, ranging from 41.5% to 83.7% of sur-
veyed participants.®**=“? In other studies in Malaysia, only
20.6% to 23.8% of participants knew that antibiotics are not
effective against viral infections.®*%**? Similar findings were
also seen in other studies in Cambodia, Ching, Lao and
Vietnom.327'329'331’343'348

Self-purchasing of antibiotics was also common in the WHO
Western Pacific Region. Drug suppliers in Vietnam stated that pa-
tients often request specific antibiotics to treat their infections
based on previous experiences.’®® Overall reported rates of
self-purchasing among patients ranged from 10.3% to 92.1% in
China, depending on the population and loca-
tion,1#3127:327,332,337,348-353 15 194 in Malaysia,>*' and up to
81.7% in Vietnam.>**

Overall, patients’ and parents’ beliefs regarding the effective-
ness of antibiotics across a range of self-limiting infectious dis-
eases are a major challenge across the four WHO Regions as
they have resulted in considerable pressures on both prescribers
and dispensers to prescribe/issue antibiotics in situations where
they are not needed and could cause harm (Table S20).
Generally, though, there was a better attitude towards antibiotics
among more educated patients.

Encouragingly, education initiatives across the Regions did ap-
pear to appreciably improve mean knowledge scores and the
practical use of antibiotics in terms of reducing their use for es-
sentially viral infections.®®'3971%3 In addition, in the study of
Otieku et al.,>>® participants exposed to an educational interven-
tion to increase their knowledge base were significantly more
likely to recommend restrictive access to antibiotics. However,
there can be challenges with undertaking educational campaigns
among patients.>*® Issues and concerns with patients’ under-
standing of the terminology regarding antibiotics and ABR were
recognized as needing to be addressed, especially by dispensers,
when patients or their care givers are educated regarding the
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appropriate management of their infectious diseases.®9"13%7

Understanding these issues is crucial when health authorities
and others are designing educational initiatives for pa-
tients.>>®3>9 However, it was noted that any intervention or tar-
geted programme must include a range of stakeholders to
ensure these are appropriate for the health system, community
and cultural context in question to enhance the chances of

success.>®°

Discussion

We believe this to be the most comprehensive narrative synthesis
to date of KAPs across multiple stakeholder groups in LMIC pri-
mary care settings. The wide range of priorities identified in the
reviewed papers have been broken down into different key stake-
holder groups: governments/health authorities, prescribers (phy-
sicians/nurses), dispensers (principally community pharmacists),
universities/students and patients/public. We are aware that dis-
pensers also include the informal sector in many LMICs, e.g.
Bangladesh, Malawi and Zimbabwe. However, in this section we
will deal just with activities with community pharmacies and dis-
cuss implications and activities for the informal sector in future
publications. The need for enhanced activities surrounding the
AWaRe system and prescribing guidance in the WHO AWaRe
book was noted for all key stakeholder groups to meet UNGA
targets.”®

Following the principles of the narrative review, the main train-
ing needs identified have been adapted into a range of potential
AWaRe-based educational activities and are summarized in
Box 1.

As noted above, the main findings with respect to the KAPs of
the different stakeholder groups were remarkably similar across
the four WHO Regions (Tables S17-S20). As a result, the sug-
gested activities to improve future antibiotic prescribing and dis-
pensing to meet future national targets for the optimal use of
Access antibiotics will also be similar across the four WHO
Regions. In view of this, just the suggested activities for govern-
ment/health authorities will be documented here (Table 2).
Suggested activities for the other key stakeholders, including pre-
scribers, dispensers, universities/students and patients, are in-
cluded in Tables S21-S24.

Similar to high-income settings, even when a higher level of
theoretical knowledge was identified, attitudes and practice
were markedly different to self-reported knowledge about anti-
biotics and AMR. This was a very notable finding across all the
four WHO Regions and countries of varying income groups.
There was also a clear lack of any postgraduate education or
training on optimal antibiotic use across all relevant stakeholders,
with most studies noting the respondents surveyed were typical-
ly dissatisfied with their own knowledge and the resultant impli-
cations for routine practice.

Overall, across the major stakeholder groups, there was a
clear need to improve the level of basic knowledge on optimal
antibiotic use. This was particularly notable for the primary
healthcare sector, where no detailed WHO guidance on under-
taking ASPs in the primary care setting currently exists.
However, this will require financial resources and personnel to
help instigate, or update, information technology (IT) and surveil-
lance systems, to routinely collect pertinent healthcare data to

improve future antibiotic use in primary care. Such activities
can build on systems such as DHIS2, which has been developed
for Africa, Asia and the Middle East,*®° as well as GLASS.>6?
Activities to enhance IT systems, including electronic patient re-
cords, are essential to undertake ASPs on a routine and real-time
basis. This is extremely difficult with paper-based systems, with
analysis and reporting typically taking several months after the
event. As part of this, governments and health authorities also
need continually to assess the cost-effectiveness of any ASPs
that are being instigated, including the potential role of artificial
intelligence, to improve future antibiotic use in a cost-efficient
manner. This is particularly important in LMICs given their limited
resources.

There also needs to be continuing research regarding effective
and efficient ways to educate patients on antibiotics and AMR gi-
ven their increasing role in LMICs, while remaining mindful of lim-
ited resources. Governments and health authorities also need to
work closely with key stakeholder groups to refine the WHO
AWGaRE book guidance for the local situation, building on activities
suggested in Box 1. These include developing and agreeing po-
tential indicators to help progress towards UNGA Access targets.

Governments and health authorities also need to work with
key pharmacy organizations to reduce inappropriate dispensing
of antibiotics, especially for self-limiting conditions. This again in-
cludes instigating systems to better monitor antibiotic dispensing
patterns alongside any agreed indicators. Universities also need
to ensure that on graduation all healthcare students are fully
conversant with the WHO AWaRe classification and guidance,
as well as ASPs, given ongoing concerns across all four WHO
Regions (Table S19). Consequently, universities need critically to
re-evaluate their curricula for the different student HCPs to see
if they are fit for purpose for the future. Similarly for any CPD
activities.

Finally, governments and health authorities need to engage
more with patients and their organizations to address current
misconceptions regarding the effectiveness of antibiotics for viral
infections as well as the need to complete the full course of any
antibiotics prescribed or dispensed. This would reduce the pres-
sure on prescribers and dispensers to provide antibiotics for es-
sentially self-limiting conditions. This includes closer working
with patient organizations and others to explore new social med-
ia channels to more effectively communicate with patients in
languages and with concepts that they understand. Such activ-
ities can build on the social media experiences and learnings
from the COVID-19 pandemic, including vaccinations, where
there were appreciable concerns.2%9381-383 These various activ-
ities are explored further in Table 2 as well as in Tables S21-
S24, for each key stakeholder group.

We are aware of many limitations to this study. It was not
practically possible, given the number of studies identified, to re-
port data across all WHO regions and countries. However, all the
major stakeholders involved in the day-to-day prescribing and
dispensing of antibiotics were included, as well as students
across all subject areas alongside patients and the public. Given
the wide variety of methodologies used in the included papers,
a formal systematic review was not possible. However, the
marked similarity of the main findings across all stakeholders
and countries included made the wider generalizability of the
key findings more likely.
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Table 2. Potential interventions for government/health authority activities

Short to medium
term (1to5y)

A) National Action Plans

» Governments and health authorities across LMICs need to focus on reducing inappropriate use of antibiotics in the primary

healthcare setting alongside other measures to reduce AMR in a One Health approach.®®? This will necessarily involve

resources (technical/personnel and financial) to address current challenges including concerns with the KAP of all key

stakeholder groups translating into high levels of inappropriate prescribing and dispensing of antibiotics.

This includes a focus on the integration of routine antibiotic surveillance into electronic healthcare systems such as DHIS2 and

others as part of the primary care agenda.®? Routine surveillance would include the monitoring of prescribing and dispensing

patterns against agreed AWaRe-based prescribing/quality indicators and quantity metrics. As part of this, governments and health

authority personnel in each country may need to refine existing indicators to ensure their relevance and enhance their use.”

Continue to encourage the routine use and standardization of primary care ASPs among prescribers and dispensers to

improve future antibiotic use.

As part of this, continue to assess the cost-effectiveness of policy and ASP interventions with the aid of academic institutions

to help refine future strategies given often limited resources in LMICs.!*%¢3 This includes the future role of artificial

intelligence/machine learning to improve future antibiotic use as part of ASPs,>¢“~36% and possible virtual reality initiatives.3¢”

Seek to pilot/introduce educational campaigns among patients to help attain NAP goals, cognizant of language and potential

gender issues, and monitor their outcomes with the help of academic units as part of NAP activities.”®166:357.368

B) Prescribers (physicians and nurses)

Continue to evaluate the KAP of prescribers given current concerns regarding antibiotics, AMR and ASPs among LMICs in

practice, and instigate additional educational activities where necessary through the help of universities as part of CPD

activities.

Encourage prescriber organizations in each country to work with governments/health authorities to refine local guidelines

based on the WHO AWaRe book and local resistance patterns.

As part of this, key organizations need to work closely with physicians and other prescribers in their country to encourage

them to regularly consult national/local guidelines concerning optimal treatment for patients, with guideline adherence

increasingly seen as a key quality marker.

Where necessary, key organizations should work with governments/health authorities to make guidelines easily accessible to

prescribers—increasingly through simple, easy-to-use applications and other systems (Box 1).

Such activities should be part of local ASP activities to help achieve UNGA goals. This will require key organizations to work with

national governments and health authorities to improve electronic systems within countries to enhance real-time monitoring

of prescribing practices.

Alongside this, key organizations should work with governments and health authorities to refine and prioritize the

introduction of pertinent quality indicators based on the AWaRe system.

C) Dispensers (community pharmacists)

« Continue researching the KAP of dispensers given current concerns regarding antibiotics, AMR and ASPs among LMICs in

practice across the four WHO Regions.

Seek to instigate additional educational activities where necessary through the help of universities as part of CPD activities.

This includes activities to help dispel misinformation, which was problematic during the COVID-19 pandemic.3¢9-372

As part of this, governments/health authorities in each country need to work with key pharmacy organizations to help

encourage dispensers to regularly consult national/local guidelines concerning optimal treatment for patients presenting

with infectious diseases where there are concerns.

Where necessary, governments/health authorities need to work with pharmacy organizations to make guidelines easily

accessible to dispensers—increasingly through simple, easy-to-use applications and other systems (Box 1).

Governments/health authorities also need to ensure that any list of antibiotics that can be dispensed in community

pharmacies is in line with WHO AWaRe book recommendations where there are current concerns.>”* This includes any

antibiotics that are part of potential quality indicators introduced in community pharmacies to improve future antibiotic

dispensing and their monitoring.

Alongside this, governments/health authorities need to work with pharmacy organizations to improve monitoring systems in

community pharmacies, which can include the use of mobile technologies.?”37*

D) Universities

» Governments/health authorities need to work with universities to ensure that current HCP curricula meet agreed standards.
This increasingly includes the fact that no HCP student should leave university without being fully aware of the WHO AWaRe
classification and guidance.

» Governments/health authorities also need to work closely with universities to ensure that CPD activities are aimed at
improving dispenser knowledge of national/AWaRe book guidelines in order to offer appropriate advice to patients when
presenting with self-limiting conditions such as URTIs. Alongside this, instigation of communication skills with patients.?”*
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» Governments/health authorities also need to work closely with universities to monitor the KAP of all key stakeholders towards
antibiotics, AMR and AMS, as well as research the outcomes of any national initiatives, including guideline introduction and
possible quality indicators, as part of academic activities. This also includes the future role of artificial intelligence/machine
learning activities to improve antibiotic use as part of ASPs,364-366

« Alongside this, use academic institutions to help assess the cost-effectiveness of any targeted educational campaign among
patients.

E) Patients/patient organizations

+ Work with patient organizations across LMICs to improve existing communication regarding the lack of effectiveness of

antibiotics for viral infections/high levels of inappropriate use will increase AMR—building on successful campaigns among

LMICS.68'139_143

Patient organizations can also help governments/health authorities to understand key issues surrounding the terminology of

antibiotics and AMR. These issues are crucial when health authorities and others are designing educational initiatives for

patients to enhance their chance of success.?*’~3>°

In addition, work with patient organizations to explore new social media channels to effectively communicate with patients

as well as address misinformation, which was problematic during the COVID-19 pandemic.72363:376-378

Alongside this, also explore virtual reality initiatives to increase awareness of antibiotics and AMR among the public.>®”

Work with patient organizations to encourage people to become antibiotic guardians where such programmes exist.>”°

Review

Longer term Regularly monitor antimicrobial use patterns across all sectors as part of agreed NAPs.

Instigate where pertinent additional multiple strategies to improve antibiotic utilization based on the WHO AWaRe book
guidance. This includes continuing to improve AMR surveillance as well as enhancing electronic monitoring systems where
pertinent.

Continue to refine international guidance and quality indicators where pertinent to continue to enhance their acceptance. As
a result, ensure any indicators remain current as well as avoiding overloading HCPs across locations.

In addition, continue to research the cost-effectiveness of ASPs as well as educational activities among patients to help
achieve UNGA goals, and refine where necessary.

Continue to work with universities to ensure adequate training of HCPs as well as support for CPD and research activities.

Box 1. Potential cross-stakeholder AWaRe educational initiatives through the WHO and other international
organizations and governments.

A) Initial phase—building AWaRe-ness focused on optimal antibiotic use and the WHO AWaRe book

Practical updated guidance on the principles of optimal antibiotic use, including recent major research findings that impact on routine clinical care.
Simple short guidance based on the WHO AWaRe book. These could include R-U-AWaRe infographics—simple and easy summaries of the
AWaRe book guidance for the main infections seen in ambulatory care translated into local languages where necessary.

The Quick-AWaRe book—a short version of the most common infections seen in primary care broken down into summary key points for each
clinical area locally adapted to reflect normative standards of care.

The Your-AWaRe book localization tool—integration of the WHO AWaRe book with local government/national guidelines with an online tool.
This would include a localization process to ensure that the guidance has been appropriately adapted to specific settings.

AWaRe-ness training—building a series of webinars/talks/training based on the WHO AWaRe book and system relevant to the stakeholder group.
Local and nationally adapted AWaRe quality indicators adapted per WHO Region/Country building on ongoing activities.*

B) Second phase

+ Development and dissemination of a global community of AWaRe champions and trainers including a toolkit to improve AWaRe-ness through
local and national projects/audits/implementation projects.

This review was also conducted during the preparations for
UNGA-AMR in 2024. The major commitment of UNGA that 70%
of all antibiotics used in humans should be Access antibiotics
has added urgency to the key findings of the results. There is a

with a small number of globally relevant current educational
training programmes that could be developed and enhanced,
with a particular focus on primary care.

clear need for major development in the training across all stake-
holders of optimal antibiotic use. This review provides a strong ra-
tionale that although there is a need for adaptation and
localization, the core components of the practical training re-
quired could be addressed by a standard programme with na-
tional and regional modules. This is practical and affordable

Conclusions

The development of the AWaRe system by the WHO, including
the practical prescribing guidance of the WHO AWaRe book, has
created a clear opportunity for the standardization of education
regarding optimal antibiotic use, and focusing on practical
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training in primary healthcare in LMIC settings. This narrative re-
view has noted that the unmet training needs to enhance KAPs
were very similar across all key stakeholder groups, regions and
countries.

Consequently, the next step is to identify all current educa-
tional provision focusing on improving antibiotic use, developing
a network of current providers including universities and educa-
tional partners, and building collaboration with the WHO regard-
ing a new, and sustainably funded, AWaRe antibiotic educational
training initiative. Alongside this, other key aspects associated
with increasing ABR in LMICs, including the role and influence of
the informal sector, should be investigated further as part of a co-
ordinated holistic approach. Such activities are essential to meet
UNGA targets for the use of Access antibiotics and AMR.

Funding

This work is partly supported by the ADILA project (Antibiotic Data to
Inform Local Action). ADILA is funded by the Wellcome Trust [222051/
Z/20/Z], who had no role or responsibility in the study design, data collec-
tion, analysis, interpretation of the findings and their implication, or writ-
ing of the paper.

Transparency declarations
The authors have no relevant conflicts of interest to declare.

Supplementary data
Tables S1 to S24 are available as Supplementary data at JAC-AMR Online.

Data availability

Additional data is available from the Corresponding Author upon reason-
able request. However, all available information has been referenced.

References

1 Global burden of bacterial antimicrobial resistance in 2019: a system-
atic analysis. Lancet 2022; 399: 629-55. https:/doi.org/10.1016/S0140-
6736(21)02724-0

2 Dadgostar P. Antimicrobial resistance: implications and costs. Infect
Drug Resist 2019; 12: 3903-10. https://doi.org/10.2147/IDR.S234610

3 Global burden of bacterial antimicrobial resistance 1990-2021: a sys-
tematic analysis with forecasts to 2050. Lancet 2024; 404: 1199-226.
https://doi.org/10.1016/S0140-6736(24)01867-1

4 Poudel AN, Zhu S, Cooper N et al. The economic burden of antibiotic re-
sistance: a systematic review and meta-analysis. PLoS One 2023; 18:
€0285170. https://doi.org/10.1371/journal.pone.0285170

5 O’Neill J. Tackling drug-resistant infections globally: final report and
recommendations. The Review on Antimicrobial Resistance; 2016.
https://amr-review.org/sites/default/files/160525_Final%20paper_with%
20cover.pdf

6 Gautam A. Antimicrobial resistance: the next probable pandemic.
J Nepal Med Assoc 2022; 60: 225-8. https://doi.org/10.31729/jnma.7174
7 Sulis G, Sayood S, Gandra S. Antimicrobial resistance in low- and
middle-income countries: current status and future directions. Expert
Rev Anti Infect Ther 2022; 20: 147-60. https://doi.org/10.1080/
14787210.2021.1951705

8 Laxminarayan R, VanBoeckel T, Frost I et al. The Lancet Infectious Diseases
Commission on Antimicrobial Resistance: 6 years later. Lancet Infect Dis
2020; 20: e51-60. https://doi.org/10.1016/51473-3099(20)30003-7

9 Godman B, Egwuenu A, Haque M et al. Strategies to improve antimicro-
bial utilization with a special focus on developing countries. Life 2021; 11:
528. https://doi.org/10.3390/life11060528

10 Okeke IN, de Kraker MEA, Van Boeckel TP et al. The scope of the anti-
microbial resistance challenge. Lancet 2024; 403: 2426-38. https://doi.
0rg/10.1016/S0140-6736(24)00876-6

11 Klein EY, Milkowska-Shibata M, Tseng KK et al. Assessment of WHO
antibiotic consumption and Access targets in 76 countries, 2000-15: an
analysis of pharmaceutical sales data. Lancet Infect Dis 2021; 21:
107-15. https://doi.org/10.1016/S1473-3099(20)30332-7

12 Sulis G, Sayood S, Katukoori S et al. Exposure to World Health
Organization’s AWaRe antibiotics and isolation of multidrug resistant bac-
teria: a systematic review and meta-analysis. Clin Microbiol Infect 2022;
28: 1193-202. https://doi.org/10.1016/j.cmi.2022.03.014

13 Sharland M, Gandra S, Huttner B et al. Encouraging AWaRe-ness and
discouraging inappropriate antibiotic use—the new 2019 essential med-
icines list becomes a global antibiotic stewardship tool. Lancet Infect Dis
2019; 19: 1278-80. https://doi.org/10.1016/S1473-3099(19)30532-8

14 Sharland M, Zanichelli V, Ombajo LA et al. The WHO essential medicines
list AWaRe book: from a list to a quality improvement system. Clin Microbiol
Infect 2022; 28: 1533-5. https://doi.org/10.1016/j.cmi.2022.08.009

15 Godman B, Haque M, McKimm J et al. Ongoing strategies to
improve the management of upper respiratory tract infections and
reduce inappropriate antibiotic use particularly among lower and
middle-income countries: findings and implications for the future.
Curr Med Res Opin 2020; 36: 301-27. https:/doi.org/10.1080/
03007995.2019.1700947

16 Torres NF, Chibi B, Kuupiel D et al. The use of non-prescribed antibio-
tics; prevalence estimates in low-and-middle-income countries. A sys-
tematic review and meta-analysis. Arch Public Health 2021; 79: 2.
https://doi.org/10.1186/s13690-020-00517-9

17 Sono TM, Yeika E, Cook A et al. Current rates of purchasing of antibio-
tics without a prescription across sub-Saharan Africa; rationale and po-
tential programmes to reduce inappropriate dispensing and resistance.
Expert Rev Anti Infect Ther 2023; 21: 1025-55. https:/doi.org/10.1080/
14787210.2023.2259106

18 Otaigbe II, Elikwu CJ. Drivers of inappropriate antibiotic use in low-
and middle-income countries. JAC Antimicrob Resist 2023; 5: dlad062.
https://doi.org/10.1093/jacamr/dlad062

19 Allwell-Brown G, Hussain-Alkhateeb L, Kitutu FE et al. Trends in re-
ported antibiotic use among children under 5 years of age with fever,
diarrhoea, or cough with fast or difficult breathing across low-income
and middle-income countries in 2005-17: a systematic analysis of 132
national surveys from 73 countries. Lancet Glob Health 2020; 8:
€799-807. https://doi.org/10.1016/S2214-109X(20)30079-6

20 Rony MKK, Sharmi PD, Alamgir HM. Addressing antimicrobial resist-
ance in low and middle-income countries: overcoming challenges and
implementing effective strategies. Environ Sci Pollut Res Int 2023; 30:
101896-902. https:/doi.org/10.1007/s11356-023-29434-4

21 Klein EY, Van Boeckel TP, Martinez EM et al. Global increase and geo-
graphic convergence in antibiotic consumption between 2000 and 2015.
Proc Natl Acad Sci U S A 2018; 115: E3463-e70. https://doi.org/10.1073/
pnas.1717295115

22 WHO. Global action plan on antimicrobial resistance. 2016. https://iris.
who.int/bitstream/handle/10665/254352/sea-cd308.pdf?sequence=1
23 World Bank Group. Pulling together to beat superbugs. Knowledge and

implementation gaps in addressing antimicrobial resistance. 2019.
https://openknowledge.worldbank.org/bitstream/handle/10986/32552/

14 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlaf033#supplementary-data
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.2147/IDR.S234610
https://doi.org/10.1016/S0140-6736(24)01867-1
https://doi.org/10.1371/journal.pone.0285170
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://doi.org/10.31729/jnma.7174
https://doi.org/10.1080/14787210.2021.1951705
https://doi.org/10.1080/14787210.2021.1951705
https://doi.org/10.1016/S1473-3099(20)30003-7
https://doi.org/10.3390/life11060528
https://doi.org/10.1016/S0140-6736(24)00876-6
https://doi.org/10.1016/S0140-6736(24)00876-6
https://doi.org/10.1016/S1473-3099(20)30332-7
https://doi.org/10.1016/j.cmi.2022.03.014
https://doi.org/10.1016/S1473-3099(19)30532-8
https://doi.org/10.1016/j.cmi.2022.08.009
https://doi.org/10.1080/03007995.2019.1700947
https://doi.org/10.1080/03007995.2019.1700947
https://doi.org/10.1186/s13690-020-00517-9
https://doi.org/10.1080/14787210.2023.2259106
https://doi.org/10.1080/14787210.2023.2259106
https://doi.org/10.1093/jacamr/dlad062
https://doi.org/10.1016/S2214-109X(20)30079-6
https://doi.org/10.1007/s11356-023-29434-4
https://doi.org/10.1073/pnas.1717295115
https://doi.org/10.1073/pnas.1717295115
https://iris.who.int/bitstream/handle/10665/254352/sea-cd308.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/254352/sea-cd308.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/32552/Pulling-Together-to-Beat-Superbugs-Knowledge-and-Implementation-Gaps-in-Addressing-Antimicrobial-Resistance.pdf?sequence=1&isAllowed=y

Review

JAR

Pulling-Together-to-Beat-Superbugs-Knowledge-and-Implementation-
Gaps-in-Addressing-Antimicrobial-Resistance.pdf?sequence=1&isAllowed=y

24 Hofer U. The cost of antimicrobial resistance. Nat Rev Microbiol 2019;
17: 3. https://doi.org/10.1038/s41579-018-0125-x

25 The World Bank. Final report—drug-resistant infections. A threat to
our economic future. March 2017. http:/documentsl.worldbank.org/
curated/en/323311493396993758/pdf/final-report.pdf

26 WHO implementation handbook for national action plans on anti-
microbial resistance: guidance for the human health sector. 2022.
https://www.who.int/publications/i/item/9789240041981

27 Moja L, Zanichelli V, Mertz D et al. WHO’s essential medicines and
AWaRe: recommendations on first- and second-choice antibiotics for em-
piric treatment of clinical infections. Clin Microbiol Infect 2024; 30 Suppl 2:
S1-51. https://doi.org/10.1016/j.cmi.2024.02.003

28 Zanichelli V, Sharland M, Cappello B et al. The WHO AWaRe (Access,
Watch, Reserve) antibiotic book and prevention of antimicrobial resist-
ance. Bull World Health Organ 2023; 101: 290-6. https://doi.org/10.
2471/BLT.22.288614

29 Godman B, Egwuenu A, Wesangula E et al. Tackling antimicrobial re-
sistance across sub-Saharan Africa: current challenges and implications
for the future. Expert Opin Drug Saf 2022; 21: 1089-111. https://doi.org/
10.1080/14740338.2022.2106368

30 CharaniE, Mendelson M, Pallett SJC et al. An analysis of existing national
action plans for antimicrobial resistance—gaps and opportunities in strat-
egies optimising antibiotic use in human populations. Lancet Glob Health
2023; 11: e466-74. https://doi.org/10.1016/52214-109X(23)00019-0

31 Iwu CD, Patrick SM. An insight into the implementation of the global
action plan on antimicrobial resistance in the WHO African region: a road-
map for action. Int J Antimicrob Agents 2021; 58: 106411. https://doi.org/
10.1016/j.jjantimicag.2021.106411

32 ChuaAQ, Verma M, Hsu LY et al. An analysis of national action plans on
antimicrobial resistance in Southeast Asia using a governance framework
approach. Lancet Reg Health West Pac 2021; 7: 100084. https://doi.org/10.
1016/j.lanwpc.2020.100084

33 Willemsen A, Reid S, Assefa Y. A review of national action plans on
antimicrobial resistance: strengths and weaknesses. Antimicrob Resist
Infect Control 2022; 11: 90. https:/doi.org/10.1186/s13756-022-01130-x
34 Vliegenthart-Jongbloed K, Jacobs J. Not recommended fixed-dose
antibiotic combinations in low- and middle-income countries—the ex-
ample of Tanzania. Antimicrob Resist Infect Control 2023; 12: 37. https://
doi.org/10.1186/s13756-023-01238-8

35 Valia D, Ingelbeen B, Nassa GJW et al. Antibiotic use by clinical pres-
entation across all healthcare providers in rural Burkina Faso: a healthcare
visit exit survey. J Antimicrob Chemother 2024; 79: 2534-42. https:/doi.
org/10.1093/jac/dkae252

36 Mustafa Z U, Batool A, Ibrar H et al. Bacterial co-infections, secondary
infections and antimicrobial use among hospitalized COVID-19 patientsin
the sixth wave in Pakistan: findings and implications. Expert Rev Anti
Infect Ther 2024; 22: 229-40. https://doi.org/10.1080/14787210.2023.
2299387

37 Duffy E, Ritchie S, Metcalfe S et al. Antibacterials dispensed in the
community comprise 85%-95% of total human antibacterial consump-
tion. J Clin Pharm Ther 2018; 43: 59-64. https://doi.org/10.1111/jcpt.
12610

38 Nepal G, Bhatta S. Self-medication with antibiotics in WHO Southeast
Asian region: a systematic review. Cureus 2018; 10: e2428. https://doi.org/
10.7759/cureus.2428

39 Rose J, Crosbie M, Stewart A. A qualitative literature review exploring the
drivers influencing antibiotic over-prescribing by GPs in primary care and re-
commendations to reduce unnecessary prescribing. Perspect Public Health
2021; 141: 19-27. https://doi.org/10.1177/1757913919879183

40 Guo S, Sun Q, Zhao X et al. Prevalence and risk factors for antibiotic
utilization in Chinese children. BMC Pediatr 2021; 21: 255. https:/doi.
0rg/10.1186/s12887-021-02706-z

41 TeagueE, Bezuidenhout S, Meyer JC et al. Knowledge and perceptions
of final-year nursing students regarding antimicrobials, antimicrobial re-
sistance, and antimicrobial stewardship in South Africa: findings and im-
plications to reduce resistance. Antibiotics 2023;12: 1742. https://doi.org/
10.3390/antibiotics12121742.

42 Lagarde M, Blaauw D. Levels and determinants of overprescribing of
antibiotics in the public and private primary care sectors in South Africa.
BMJ Glob Health 2023; 8: 1-10. https://doi.org/10.1136/bmjgh-2023-
012374.

43 Olaru ID, Ferrand RA, Yeung S et al. Knowledge, attitudes and practices
relating to antibiotic use and resistance among prescribers from public pri-
mary healthcare facilities in Harare, Zimbabwe. Wellcome Open Res 2021;
6: 72. https://doi.org/10.12688/wellcomeopenres.16657.1

44 Mabilika RJ, Shirima G, Mpolya E. Prevalence and predictors of anti-
biotic prescriptions at primary healthcare facilities in the Dodoma region,
central Tanzania: a retrospective, cross-sectional study. Antibiotics 2022;
11: 1035. https://doi.org/10.3390/antibiotics11081035.

45 Mathibe LJ, Zwane NP. Unnecessary antimicrobial prescribing for upper
respiratory tract infections in children in Pietermaritzburg, South Africa. Afr
Health Sci 2020; 20: 1133-42. https://doi.org/10.4314/ahs.v20i3.15

46 Nair M, Tripathi S, Mazumdar S et al. Knowledge, attitudes, and prac-
tices related to antibiotic use in Paschim Bardhaman district: a survey of
healthcare providers in West Bengal, India. PLoS One 2019; 14:e0217818.
https://doi.org/10.1371/journal.pone.0217818

47 Adegbite BR, Edoa JR, Schaumburg F et al. Knowledge and perception
on antimicrobial resistance and antibiotics prescribing attitude among
physicians and nurses in Lambaréné region, Gabon: a call for setting-up
an antimicrobial stewardship program. Antimicrob Resist Infect Control
2022; 11: 44. https://doi.org/10.1186/s13756-022-01079-x

48 Li J, Zhou P, Wang J et al. Worldwide dispensing of non-prescription
antibiotics in community pharmacies and associated factors: a mixed-
methods systematic review. Lancet Infect Dis 2023; 23: e361-70.
https://doi.org/10.1016/S1473-3099(23)00130-5

49 Torres NF, Chibi B, Middleton LE et al. Evidence of factors influencing
self-medication with antibiotics in low and middle-income countries: a
systematic scoping review. Public Health 2019; 168: 92-101. https:/doi.
0rg/10.1016/j.puhe.2018.11.018

50 Abdulrahman Jairoun A, Saleh Al-Hemyari S, Jairoun M. Antibiotics dis-
pensing between legal idealism and implementation: closing the imple-
mentation gap between local regulation and practice. Res Social Adm
Pharm 2020; 16: 1328-9. https://doi.org/10.1016/j.sapharm.2020.05.001
51 Makeri D, Dilli PP, Pius T et al. The nature of self-medication in Uganda:
a systematic review and meta-analysis. BMC Public Health 2025; 25: 197.
https:/doi.org/10.1186/512889-025-21380-9

52 Waseem H, Ali J, Sarwar F et al. Assessment of knowledge and atti-
tude trends towards antimicrobial resistance (AMR) among the commu-
nity members, pharmacists/pharmacy owners and physicians in district
Sialkot, Pakistan. Antimicrob Resist Infect Control 2019; 8: 67. https:/doi.
0rg/10.1186/s13756-019-0517-3

53 Kumar KS, Saranya S, Rani NV. Community pharmacists’ knowledge,
attitude, and nonprescription dispensing practices of antibiotics: an ex-
plorative study in a selected city of south India. J Res Pharm Pract 2022;
11: 51-8. https://doi.org/10.4103/jrpp.jrpp_48_21

54 Jairoun AA, Al-Hemyari SS, Shahwan M et al. Top unresolved ethical
challenges and dilemmas faced by community pharmacists in providing
pharmaceutical care: drawing the line between ethical challenges and
the quality of the pharmaceutical care. Res Social Adm Pharm 2022; 18:
3711-3. https://doi.org/10.1016/j.sapharm.2022.05.009

15 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://openknowledge.worldbank.org/bitstream/handle/10986/32552/Pulling-Together-to-Beat-Superbugs-Knowledge-and-Implementation-Gaps-in-Addressing-Antimicrobial-Resistance.pdf?sequence=1&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/32552/Pulling-Together-to-Beat-Superbugs-Knowledge-and-Implementation-Gaps-in-Addressing-Antimicrobial-Resistance.pdf?sequence=1&isAllowed=y
https://doi.org/10.1038/s41579-018-0125-x
http://documents1.worldbank.org/curated/en/323311493396993758/pdf/final-report.pdf
http://documents1.worldbank.org/curated/en/323311493396993758/pdf/final-report.pdf
https://www.who.int/publications/i/item/9789240041981
https://doi.org/10.1016/j.cmi.2024.02.003
https://doi.org/10.2471/BLT.22.288614
https://doi.org/10.2471/BLT.22.288614
https://doi.org/10.1080/14740338.2022.2106368
https://doi.org/10.1080/14740338.2022.2106368
https://doi.org/10.1016/S2214-109X(23)00019-0
https://doi.org/10.1016/j.ijantimicag.2021.106411
https://doi.org/10.1016/j.ijantimicag.2021.106411
https://doi.org/10.1016/j.lanwpc.2020.100084
https://doi.org/10.1016/j.lanwpc.2020.100084
https://doi.org/10.1186/s13756-022-01130-x
https://doi.org/10.1186/s13756-023-01238-8
https://doi.org/10.1186/s13756-023-01238-8
https://doi.org/10.1093/jac/dkae252
https://doi.org/10.1093/jac/dkae252
https://doi.org/10.1080/14787210.2023.2299387
https://doi.org/10.1080/14787210.2023.2299387
https://doi.org/10.1111/jcpt.12610
https://doi.org/10.1111/jcpt.12610
https://doi.org/10.7759/cureus.2428
https://doi.org/10.7759/cureus.2428
https://doi.org/10.1177/1757913919879183
https://doi.org/10.1186/s12887-021-02706-z
https://doi.org/10.1186/s12887-021-02706-z
https://doi.org/10.3390/antibiotics12121742
https://doi.org/10.3390/antibiotics12121742
https://doi.org/10.1136/bmjgh-2023-012374
https://doi.org/10.1136/bmjgh-2023-012374
https://doi.org/10.12688/wellcomeopenres.16657.1
https://doi.org/10.3390/antibiotics11081035
https://doi.org/10.4314/ahs.v20i3.15
https://doi.org/10.1371/journal.pone.0217818
https://doi.org/10.1186/s13756-022-01079-x
https://doi.org/10.1016/S1473-3099(23)00130-5
https://doi.org/10.1016/j.puhe.2018.11.018
https://doi.org/10.1016/j.puhe.2018.11.018
https://doi.org/10.1016/j.sapharm.2020.05.001
https://doi.org/10.1186/s12889-025-21380-9
https://doi.org/10.1186/s13756-019-0517-3
https://doi.org/10.1186/s13756-019-0517-3
https://doi.org/10.4103/jrpp.jrpp_48_21
https://doi.org/10.1016/j.sapharm.2022.05.009

Review

55 Gebresillassie BM, Howells K, Ashiru-Oredope D. Public health inter-
ventions delivered by pharmacy professionals in low- and middle-income
countries in Africa: a systematic scoping review. Pharmacy 2023; 11: 24.
https://doi.org/10.3390/pharmacy11010024.

56 Cadogan CA, Hughes CM. On the frontline against COVID-19: commu-
nity pharmacists’ contribution during a public health crisis. Res Social Adm
Pharm 2021; 17: 2032-5. https://doi.org/10.1016/j.sapharm.2020.03.015
57 Kibuule D, Nambahu L, Sefah IA et al. Activities in Namibia to limit the
prevalence and mortality from COVID-19 including community pharmacy
activities and the implications. Scholars Academic Journal of Pharmacy
2021; 10: 82-92. https://doi.org/10.36347/sajp.2021.v10i05.001

58 Finnis A. Can pharmacists prescribe antibiotics? The new plans for pre-
scriptions in England, explained. THEIPAPER, 2023. https:/inews.co.uk/
news/health/pharmacists-can-prescribe-antibiotics-new-plans-pharmacy-
prescriptions-englan-explained-2330773

59 Yevutsey SK, Buabeng KO, Aikins M et al. Situational analysis of anti-
biotic use and resistance in Ghana: policy and regulation. BMC Public
Health 2017; 17: 896. https://doi.org/10.1186/s12889-017-4910-7

60 Bharti RK, Pathania JS, Sood V et al. Assessing the knowledge, atti-
tude, and practice (KAP) of antimicrobial resistant among MBBS, BDS
and BSc nursing students in the northern state of India. An observational-
based cross-sectional study. Adv Biosci Clin Med 2020; 8: 10-6. https:/doi.
org/10.7575/aiac.abcmed.v.8n.2p.10

61 Nogueira-Uzal N, Zapata-Cachafeiro M, Vézquez-Cancela O et al. Does
the problem begin at the beginning? Medical students’ knowledge and
beliefs regarding antibiotics and resistance: a systematic review.
Antimicrob Resist Infect Control 2020; 9: 172. https://doi.org/10.1186/
s13756-020-00837-z

62 Bulabula ANH, Jenkins A, Mehtar S et al. Education and management of
antimicrobials amongst nurses in Africa—a situation analysis: an Infection
Control Africa Network (ICAN)/BSAC online survey. J Antimicrob Chemother
2018; 73: 1408-15. https://doi.org/10.1093/jac/dky023

63 Ashiru-Oredope D, Casale E, Harvey E et al. Knowledge and attitudes
about antibiotics and antibiotic resistance of 2404 UK healthcare workers.
Antibiotics 2022; 11: 1133. https://doi.org/10.3390/antibiotics11081133.

64 Khan FU, Khan FU, Hayat K et al. Knowledge, attitude and practices
among consumers toward antibiotics use and antibiotic resistance in
Swat, Khyber-Pakhtunkhwa, Pakistan. Expert Rev Anti Infect Ther 2020;
18: 937-46. https://doi.org/10.1080/14787210.2020.1769477

65 Antwi AN, Stewart A, Crosbie M. Fighting antibiotic resistance: a narra-
tive review of public knowledge, attitudes, and perceptions of antibiotics
use. Perspect Public Health 2020; 140: 338-50. https:/doi.org/10.1177/
1757913920921209

66 Mitchell J, Cooke P, Ahorlu C et al. Community engagement: the key to
tackling antimicrobial resistance (AMR) across a one health context? Glob
Public Health 2022; 17: 2647-64. https://doi.org/10.1080/17441692.
2021.2003839

67 Ramdas N, Meyer JC, Schellack N et al. Knowledge, attitudes, motiva-
tions, expectations, and systemic factors regarding antimicrobial use
amongst community members seeking care at the primary healthcare le-
vel: a scoping review. Antibiotics 2025; 14: 78. https://doi.org/10.3390/
antibiotics14010078.

68 Kandeel A, Palms DL, Afifi S et al. An educational intervention to pro-
mote appropriate antibiotic use for acute respiratory infections in a dis-
trict in Eqypt—pilot study. BMC Public Health 2019; 19 Suppl 3: 498.
https://doi.org/10.1186/512889-019-6779-0

69 Nayiga S, MacPherson EE, Mankhomwa J et al. “Arming half-baked
people with weapons!” information enclaving among professionals and
the need for a care-centred model for antibiotic use information in
Uganda, Tanzania and Malawi. Glob Health Action 2024; 17: 2322839.
https:/doi.org/10.1080/16549716.2024.2322839

70 Haenssgen MJ, Charoenboon N, Zanello G et al. Antibiotic knowledge,
attitudes and practices: new insights from cross-sectional rural health be-
haviour surveys in low-income and middle-income South-East Asia. BMJ
Open 2019; 9: e028224. https://doi.org/10.1136/bmjopen-2018-028224

71 Charoenboon N, Haenssgen MJ, Warapikuptanun P et al. Translating
antimicrobial resistance: a case study of context and consequences of
antibiotic-related communication in three northern Thai villages.
Palgrave Commun 2019; 5: 23. https://doi.org/10.1057/s41599-019-
0226-9

72 Sono TM, Mboweni V, Jeli¢ AG et al. Pilot study to evaluate patients’
understanding of key terms and aspects of antimicrobial use in a rural
province in South Africa: findings and implications. Adv Hum Biol 2025;
15: 108-12. https://doi.org/10.4103/aihb.aihb_119_24

73 Nathwani D, Varghese D, Stephens J et al. Value of hospital antimicro-
bial stewardship programs [ASPs]: a systematic review. Antimicrob Resist
Infect Control 2019; 8: 35. https:/doi.org/10.1186/s13756-019-0471-0

74 Lee CF, Cowling BJ, Feng S et al. Impact of antibiotic stewardship pro-
grammes in Asia: a systematic review and meta-analysis. J Antimicrob
Chemother 2018; 73: 844-51. https://doi.org/10.1093/jac/dkx492

75 Antimicrobial stewardship programmes in health-care facilities in
low- and middle-income countries: a WHO practical toolkit. JAC
Antimicrob Resist 2019; 1: dlz072. https://doi.org/10.1093/jacamr/dlz072

76 Gulumbe BH, Haruna UA, Almazan J et al. Combating the menace of
antimicrobial resistance in Africa: a review on stewardship, surveillance
and diagnostic strategies. Biol Proced Online 2022; 24: 19. https:/doi.
0rg/10.1186/s12575-022-00182-y

77 Harun MGD, Sumon SA, Hasan I et al. Barriers, facilitators, perceptions
and impact of interventions in implementing antimicrobial stewardship
programs in hospitals of low-middle and middle countries: a scoping re-
view. Antimicrob Resist Infect Control 2024; 13: 8. https://doi.org/10.1186/
s13756-024-01369-6

78 Ashiru-Oredope D, Nabiryo M, Zengeni L et al. Tackling antimicrobial
resistance: developing and implementing antimicrobial stewardship in-
terventions in four African commonwealth countries through a health
partnership model. J Public Health Afr 2023; 14: 2335. https://doi.org/10.
4081/jphia.2023.2335

79 Sneddon J, Drummond F, Guise T et al. Accreditation of antimicrobial
stewardship programmes: addressing a global need to tackle antimicro-
bial resistance. JAC Antimicrob Resist 2024; 6: dlae007. https://doi.org/10.
1093/jacamr/dlae007

80 The Fleming Fund. Fleming Fund Online AMR Course: new modules!
2021. https://www.flemingfund.org/publications/fleming-fund-online-amr-
course/

81 Chigome A, Ramdas N, Skosana P et al. A narrative review of antibiotic
prescribing practices in primary care settings in South Africa and potential
ways forward to reduce antimicrobial resistance. Antibiotics 2023; 12:
1540. https://doi.org/10.3390/antibiotics12101540

82 Massele A, Rogers AM, Gabriel D et al. A narrative review of recent
antibiotic prescribing practices in ambulatory care in Tanzania: findings
and implications. Medicina 2023; 59: 2195. https://doi.org/10.3390/
medicina59122195.

83 Nair MM, Mahajan R, Burza S et al. Behavioural interventions to ad-
dress rational use of antibiotics in outpatient settings of low-income
and lower-middle-income countries. Trop Med Int Health 2021; 26:
504-17. https://doi.org/10.1111/tmi.13550

84 WHO. Antimicrobial stewardship interventions: a practical guide.
https://iris.who.int/bitstream/handle/10665/340709/9789289054980-
eng.pdf

85 Open University. Understanding antibiotic resistance. https:/www.
open.edu/openlearn/science-maths-technology/understanding-antibioti
c-resistance/content-section-overview?active-tab=description-tab

16 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.3390/pharmacy11010024
https://doi.org/10.1016/j.sapharm.2020.03.015
https://doi.org/10.36347/sajp.2021.v10i05.001
https://inews.co.uk/news/health/pharmacists-can-prescribe-antibiotics-new-plans-pharmacy-prescriptions-englan-explained-2330773
https://inews.co.uk/news/health/pharmacists-can-prescribe-antibiotics-new-plans-pharmacy-prescriptions-englan-explained-2330773
https://inews.co.uk/news/health/pharmacists-can-prescribe-antibiotics-new-plans-pharmacy-prescriptions-englan-explained-2330773
https://doi.org/10.1186/s12889-017-4910-7
https://doi.org/10.7575/aiac.abcmed.v.8n.2p.10
https://doi.org/10.7575/aiac.abcmed.v.8n.2p.10
https://doi.org/10.1186/s13756-020-00837-z
https://doi.org/10.1186/s13756-020-00837-z
https://doi.org/10.1093/jac/dky023
https://doi.org/10.3390/antibiotics11081133
https://doi.org/10.1080/14787210.2020.1769477
https://doi.org/10.1177/1757913920921209
https://doi.org/10.1177/1757913920921209
https://doi.org/10.1080/17441692.2021.2003839
https://doi.org/10.1080/17441692.2021.2003839
https://doi.org/10.3390/antibiotics14010078
https://doi.org/10.3390/antibiotics14010078
https://doi.org/10.1186/s12889-019-6779-0
https://doi.org/10.1080/16549716.2024.2322839
https://doi.org/10.1136/bmjopen-2018-028224
https://doi.org/10.1057/s41599-019-0226-9
https://doi.org/10.1057/s41599-019-0226-9
https://doi.org/10.4103/aihb.aihb_119_24
https://doi.org/10.1186/s13756-019-0471-0
https://doi.org/10.1093/jac/dkx492
https://doi.org/10.1093/jacamr/dlz072
https://doi.org/10.1186/s12575-022-00182-y
https://doi.org/10.1186/s12575-022-00182-y
https://doi.org/10.1186/s13756-024-01369-6
https://doi.org/10.1186/s13756-024-01369-6
https://doi.org/10.4081/jphia.2023.2335
https://doi.org/10.4081/jphia.2023.2335
https://doi.org/10.1093/jacamr/dlae007
https://doi.org/10.1093/jacamr/dlae007
https://www.flemingfund.org/publications/fleming-fund-online-amr-course/
https://www.flemingfund.org/publications/fleming-fund-online-amr-course/
https://doi.org/10.3390/antibiotics12101540
https://doi.org/10.3390/medicina59122195
https://doi.org/10.3390/medicina59122195
https://doi.org/10.1111/tmi.13550
https://iris.who.int/bitstream/handle/10665/340709/9789289054980-eng.pdf
https://iris.who.int/bitstream/handle/10665/340709/9789289054980-eng.pdf
https://www.open.edu/openlearn/science-maths-technology/understanding-antibiotic-resistance/content-section-overview?active-tab=description-tab
https://www.open.edu/openlearn/science-maths-technology/understanding-antibiotic-resistance/content-section-overview?active-tab=description-tab
https://www.open.edu/openlearn/science-maths-technology/understanding-antibiotic-resistance/content-section-overview?active-tab=description-tab

Review

JAR

86 Ogunleye OO, Fadare JO, Eriksen J et al. Reported needs of informa-
tion resources, research tools, connectivity and infrastructure among
African pharmacological scientists to improve future patient care and
health. Expert Rev Clin Pharmacol 2019; 12: 481-9. https:/doi.org/10.
1080/17512433.2019.1605903

87 Infection Control Africa Network. Training—ICAN training courses.
https://icanetwork.co.za/training/

88 Kalungia AC, Kampamba M, Banda D et al. Impact of a hub-and-spoke
approach to hospital antimicrobial stewardship programmes on antibiotic
use in Zambia. JAC Antimicrob Resist 2024; 6: dlae178. https://doi.org/10.
1093/jacamr/dlae178

89 Niaz Q, Godman B, Massele A et al. Validity of World Health
Organization prescribing indicators in Namibia’s primary healthcare: find-
ings and implications. Int J Qual Health Care 2019; 31: 338-45. https:/doi.
0rg/10.1093/intghc/mzy172

90 Campbell SM, Meyer J, Godman B. Why compliance to national pre-
scribing guidelines is important especially across sub-Saharan Africa
and suggestions for the future. Biomed Pharm Sci 2021; 4: 1-7.

91 Saleem Z, Godman B, Cook A et al. Ongoing efforts to improve anti-
microbial utilization in hospitals among African countries and implica-
tions for the future. Antibiotics 2022; 11: 1824. https://doi.org/10.3390/
antibiotics11121824

92 Boltena MT, Woldie M, Siraneh Y et al. Adherence to evidence-based
implementation of antimicrobial treatment guidelines among prescribers
in sub-Saharan Africa: a systematic review and meta-analysis. J Pharm
Policy Pract 2023; 16: 137. https://doi.org/10.1186/s40545-023-00634-0

93 Kirchhelle C, Atkinson P, Broom A et al. Setting the standard: multidis-
ciplinary hallmarks for structural, equitable and tracked antibiotic policy.
BMJ Glob Health 2020; 5: e003091. https:/doi.org/10.1136/bmjgh-2020-
003091

94 Funiciello E, Lorenzetti G, Cook A et al. Identifying AWaRe indicators for
appropriate antibiotic use: a narrative review. J Antimicrob Chemother
2024; 79: 3063-77. https://doi.org/10.1093/jac/dkae370

95 Kredo T, Cooper S, Abrams AL et al. ‘Building on shaky ground’—chal-
lenges to and solutions for primary care guideline implementation in four
provinces in South Africa: a qualitative study. BMJ Open 2020; 10:
e031468. https://doi.org/10.1136/bmjopen-2019-031468

96 Atalay YA, Abebe Gelaw K. Prevalence of knowledge, attitudes, and
practices regarding antimicrobial resistance in Africa: a systematic review
and meta-analysis. Front Microbiol 2024; 15: 1345145. https://doi.org/10.
3389/fmicb.2024.1345145

97 Fuller W, Kapona O, Aboderin AO et al. Education and awareness on
antimicrobial resistance in the WHO African region: a systematic review.
Antibiotics 2023; 12: 1613. https://doi.org/10.3390/antibiotics12111613
98 United Nations. Political declaration of the high-level meeting on anti-
microbial resistance. 9 September 2024. https:/www.un.org/pga/wp-
content/uploads/sites/108/2024/09/FINAL-Text-AMR-to-PGA.pdf

99 WHO. Antibiotic resistance: multi-country public awareness survey.
2015. https://iris.who.int/bitstream/handle/10665/194460/9789241509
817_eng.pdf?sequence=1&isAllowed=y

100 Kretchy J-P, Adase SK, Gyansa-Lutterodt M. The prevalence and risks of
antibiotic self-medication in residents of a rural community in Accra, Ghana.
Sci Afr 2021; 14: e01006. https://doi.org/10.1016/j.sciaf.2021.e01006

101 van de Maat J, De Santis O, Luwanda L et al. Primary care case man-
agement of febrile children: insights from the ePOCT routine care cohort in
Dar es Salaam, Tanzania. Front Pediatr 2021; 9: 626386. https://doi.org/10.
3389/fped.2021.626386

102 Sefah IA, Essah DO, Kurdi A et al. Assessment of adherence to pneu-
monia guidelines and its determinants in an ambulatory care clinic in
Ghana: findings and implications for the future. JAC Antimicrob Resist
2021; 3: dlab080. https://doi.org/10.1093/jacamr/dlab080

103 Niaz Q, Godman B, Campbell S et al. Compliance to prescribing
guidelines among public health care facilities in Namibia; findings and im-
plications. Int J Clin Pharm 2020; 42: 1227-36. https://doi.org/10.1007/
s11096-020-01056-7

104 Hadley MB, Beard J. Is ‘health for all’ synonymous with ‘antibiotics
for all: changes in antibiotic prescribing in a performance-based financing
pilot in Zanzibar. Health Policy Plan 2019; 34 Suppl 2: ii28-35. https:/doi.
org/10.1093/heapol/czz103

105 The burden of bacterial antimicrobial resistance in the WHO African
region in 2019: a cross-country systematic analysis. Lancet Glob Health
2024; 12: e201-16. https://doi.org/10.1016/52214-109X(23)00539-9

106 Chaw PS, Hopner J, Mikolajczyk R. The knowledge, attitude and prac-
tice of health practitioners towards antibiotic prescribing and resistance
in developing countries—a systematic review. J Clin Pharm Ther 2018;
43: 606-13. https:/doi.org/10.1111/jcpt.12730

107 Pham-Duc P, Sriparamananthan K. Exploring gender differences in
knowledge and practices related to antibiotic use in Southeast Asia: a
scoping review. PLoS One 2021; 16: e0259069. https://doi.org/10.1371/
journal.pone.0259069

108 Xu R, Mu T, Wang G et al. Self-medication with antibiotics among uni-
versity students in LMIC: a systematic review and meta-analysis. J Infect
Dev Ctries 2019; 13: 678-89. https://doi.org/10.3855/jidc.11359

109 Mwita JC, Ogunleye OO, Olalekan A et al. Key issues surrounding ap-
propriate antibiotic use for prevention of surgical site infections in low-
and middle-income countries: a narrative review and the implications.
Int J Gen Med 2021; 14: 515-30. https://doi.org/10.2147/1JGM.S253216
110 Haseeb A, Saleem Z, Magadmi AF et al. Ongoing strategies to im-
prove antimicrobial utilization in hospitals across the Middle East and
North Africa (MENA): findings and implications. Antibiotics 2023; 12:
827. https://doi.org/10.3390/antibiotics12050827

111 WHO. Regional offices. https:/www.who.int/about/who-we-are/
regional-offices

112 Adekoyal, MarajD, Steiner L et al. Comparison of antibiotics included
in national essential medicines lists of 138 countries using the WHO ac-
cess, watch, reserve (AWaRe) classification: a cross-sectional study.
Lancet Infect Dis 2021; 21: 1429-40. https://doi.org/10.1016/S1473-30
99(20)30854-9

113 Joshi MP, Hafner T, Twesigye G et al. Strengthening multisectoral co-
ordination on antimicrobial resistance: a landscape analysis of efforts in
11 countries. J Pharm Policy Pract 2021; 14: 27. https://doi.org/10.1186/
s40545-021-00309-8

114 Etando A, Amu AA, Haque M et al. Challenges and innovations
brought about by the COVID-19 pandemic regarding medical and
pharmacy education especially in Africa and implications for the
future. Healthcare 2021; 9: 1722. https://doi.org/10.3390/healthcare
9121722

115 Chowdhury K, Haque M, Etando A et al. The global impact of the
COVID-19 pandemic on the education of healthcare professionals, espe-
cially in low- and middle-income countries. Adv Hum Biol 2022;12: 87-92.
https:/doi.org/10.4103/aihb.aihb_60_22

116 Chinna K, Sundarasen S, Khoshaim HB et al. Psychological impact of
COVID-19 and lock down measures: an online cross-sectional multi-
county study on Asian university students. PLoS One 2021; 16:
€0253059. https://doi.org/10.1371/journal.pone.0253059

117 Bednarcuk N, Goli¢ Jeli¢ A, Stoisavljevi¢ Satara S et al. Antibiotic util-
ization during COVID-19: are we over-prescribing? Antibiotics 2023; 12:
308. https://doi.org/10.3390/antibiotics12020308

118 Sulis G, Batomen B, Kotwani A et al. Sales of antibiotics and hydroxy-
chloroquine in India during the COVID-19 epidemic: an interrupted time
series analysis. PLoS Med 2021; 18: e1003682. https://doi.org/10.1371/
journal.pmed.1003682

17 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.1080/17512433.2019.1605903
https://doi.org/10.1080/17512433.2019.1605903
https://icanetwork.co.za/training/
https://doi.org/10.1093/jacamr/dlae178
https://doi.org/10.1093/jacamr/dlae178
https://doi.org/10.1093/intqhc/mzy172
https://doi.org/10.1093/intqhc/mzy172
https://doi.org/10.3390/antibiotics11121824
https://doi.org/10.3390/antibiotics11121824
https://doi.org/10.1186/s40545-023-00634-0
https://doi.org/10.1136/bmjgh-2020-003091
https://doi.org/10.1136/bmjgh-2020-003091
https://doi.org/10.1093/jac/dkae370
https://doi.org/10.1136/bmjopen-2019-031468
https://doi.org/10.3389/fmicb.2024.1345145
https://doi.org/10.3389/fmicb.2024.1345145
https://doi.org/10.3390/antibiotics12111613
https://www.un.org/pga/wp-content/uploads/sites/108/2024/09/FINAL-Text-AMR-to-PGA.pdf
https://www.un.org/pga/wp-content/uploads/sites/108/2024/09/FINAL-Text-AMR-to-PGA.pdf
https://iris.who.int/bitstream/handle/10665/194460/9789241509817_eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/194460/9789241509817_eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.sciaf.2021.e01006
https://doi.org/10.3389/fped.2021.626386
https://doi.org/10.3389/fped.2021.626386
https://doi.org/10.1093/jacamr/dlab080
https://doi.org/10.1007/s11096-020-01056-7
https://doi.org/10.1007/s11096-020-01056-7
https://doi.org/10.1093/heapol/czz103
https://doi.org/10.1093/heapol/czz103
https://doi.org/10.1016/S2214-109X(23)00539-9
https://doi.org/10.1111/jcpt.12730
https://doi.org/10.1371/journal.pone.0259069
https://doi.org/10.1371/journal.pone.0259069
https://doi.org/10.3855/jidc.11359
https://doi.org/10.2147/IJGM.S253216
https://doi.org/10.3390/antibiotics12050827
https://www.who.int/about/who-we-are/regional-offices
https://www.who.int/about/who-we-are/regional-offices
https://doi.org/10.1016/S1473-3099(20)30854-9
https://doi.org/10.1016/S1473-3099(20)30854-9
https://doi.org/10.1186/s40545-021-00309-8
https://doi.org/10.1186/s40545-021-00309-8
https://doi.org/10.3390/healthcare9121722
https://doi.org/10.3390/healthcare9121722
https://doi.org/10.4103/aihb.aihb_60_22
https://doi.org/10.1371/journal.pone.0253059
https://doi.org/10.3390/antibiotics12020308
https://doi.org/10.1371/journal.pmed.1003682
https://doi.org/10.1371/journal.pmed.1003682

Review

119 Gul B, Sana M, Saleem A et al. Antimicrobial dispensing practices dur-
ing COVID-19 and the implications for Pakistan. Antibiotics 2023; 12:
1018. https://doi.org/10.3390/antibiotics12061018

120 Nkengasong JN, Tessema SK. Africa needs a new public health order
to tackle infectious disease threats. Cell 2020; 183: 296-300. https:/doi.
0rg/10.1016/j.cell.2020.09.041

121 Bell D, Schultz Hansen K. Relative burdens of the COVID-19,
malaria, tuberculosis, and HIV/AIDS epidemics in sub-Saharan Africa.
Am J Trop Med Hyg 2021; 105: 1510-5. https:/doi.org/10.4269/ajtmh.
21-0899

122 Williams PCM, Isaacs D, Berkley JA. Antimicrobial resistance among
children in sub-Saharan Africa. Lancet Infect Dis 2018; 18: e33-44. https://
doi.org/10.1016/S1473-3099(17)30467-X

123 Ding G, Vinturache A, Lu M. Addressing inappropriate antibiotic pre-
scribing in China. Can Med Assoc J 2019; 191: E149-e50. https://doi.org/
10.1503/cmaj.181417

124 Luo Y, Tang X, Ding L et al. Non-prescription antibiotic use for people
aged 15 years or older for cough in China: a community-based survey.
Antimicrob Resist Infect Control 2021; 10: 129. https://doi.org/10.1186/
$13756-021-00998-5

125 Xu J, Wang X, Sun KS et al. Parental self-medication with antibiotics
for children promotes antibiotic over-prescribing in clinical settings in
China. Antimicrob Resist Infect Control 2020; 9: 150. https://doi.org/10.
1186/s13756-020-00811-9

126 Zhang T, Lambert H, Zhao L et al. Antibiotic stewardship in retail
pharmacies and the access-excess challenge in China: a policy re-
view. Antibiotics 2022; 11: 141. https://doi.org/10.3390/antibiotics110
20141

127 Qu W, Wang X, Liu Y et al. Self-medication with antibiotics among
children in China: a cross-sectional study of parents’ knowledge, atti-
tudes, and practices. Infect Drug Resist 2023; 16: 7683-94. https:/doi.
org/10.2147/IDR.S431034

128 LiC, CuiZ, Wei D et al. Trends and patterns of antibiotic prescriptions
in primary care institutions in southwest China, 2017-2022. Infect Drug
Resist 2023; 16: 5833-54. https://doi.org/10.2147/IDR.S425787

129 Xu X, Zhang K, Ma H et al. Differences in service and antibiotics use
following symptomatic respiratory tract infections between 2016 and
2021 in rural Anhui, China. Epidemiol Infect 2022; 150: e117. https://doi.
0rg/10.1017/50950268822000942

130 Zhang T, Lin H, Zhao X et al. Influences on treatment-seeking and
antibiotic use for common illnesses in eastern China. BMC Public Health
2023; 23: 1849. https://doi.org/10.1186/512889-023-16700-w

131 Chan OSK, Lam W, Zhao S et al. Why prescribe antibiotics? A system-
atic review of knowledge, tension, and motivation among clinicians in
low-, middle- and high-income countries. Soc Sci Med 2024; 345:
116600. https://doi.org/10.1016/j.socscimed.2024.116600

132 Sulis G, Adam P, Nafade V et al. Antibiotic prescription practices in
primary care in low- and middle-income countries: a systematic review
and meta-analysis. PLoS Med 2020; 17: e1003139. https://doi.org/10.
1371/journal.pmed.1003139

133 Graells T, Lambraki IA, Cousins M et al. Exploring the factors that con-
tribute to the successful implementation of antimicrobial resistance in-
terventions: a comparison of high-income and low-middle-income
countries. Front Public Health 2023; 11: 1230848. https://doi.org/10.
3389/fpubh.2023.1230848

134 Villanueva P, Coffin SE, Mekasha A et al. Comparison of antimicrobial
stewardship and infection prevention and control activities and
resources between low-/middle- and high-income countries. Pediatr Infect
Dis J 2022; 41: S3-S9. https://doi.org/10.1097/INF.0000000000003318
135 Naing S, van Wijk M, Vila J et al. Understanding antimicrobial resist-
ance from the perspective of public policy: a multinational knowledge,

attitude, and perception survey to determine global awareness.
Antibiotics 2021; 10: 1486. https://doi.org/10.3390/antibiotics10121486

136 Taylor W, Whittaker LM, Fletcher T et al. Awareness of inappropriate
use related to antimicrobial resistance among medical doctors by country
economic status: a systematic review. Int J Risk Saf Med 2023; 34:
227-42. https://doi.org/10.3233/JRS-220044

137 McDonagh MS, Peterson K, Winthrop K et al. Interventions to reduce
inappropriate prescribing of antibiotics for acute respiratory tract infec-
tions: summary and update of a systematic review. J Int Med Res 2018;
46: 3337-57. https://doi.org/10.1177/0300060518782519

138 Cross EL, Tolfree R, Kipping R. Systematic review of public-targeted
communication interventions to improve antibiotic use. J Antimicrob
Chemother 2017; 72: 975-87. https://doi.org/10.1093/jac/dkw520

139 MaaroufL, Amin M, Evans BA et al. Knowledge, attitudes and behav-
iour of Egyptians towards antibiotic use in the community: can we do bet-
ter? Antimicrob Resist Infect Control 2023; 12: 50. https:/doi.org/10.1186/
s13756-023-01249-5

140 Aika IN, Enato E. Bridging the gap in knowledge and use of antibio-
tics among pediatric caregivers: comparing two educational interven-
tions. J Pharm Policy Pract 2023; 16: 76. https://doi.org/10.1186/s40545-
023-00578-5

141 Tamhankar AJ, Nachimuthu R, Singh R et al. Characteristics of a na-
tionwide voluntary antibiotic resistance awareness campaign in India; fu-
ture paths and pointers for resource limited settings/low and middle
income countries. Int J Environ Res Public Health 2019; 16: 5141. https:/
doi.org/10.3390/ijerph16245141

142 Herawati F, Yulia R, Arifin B et al. Educational video improves knowl-
edge about outpatients’ usage of antibiotics in two public hospitals in
Indonesia. Antibiotics 2021; 10: 606. https://doi.org/10.3390/antibiotics
10050606

143 Thong KS, Chang CT, Lee M et al. Impact of targeted educational
intervention towards public knowledge and perception of antibiotic use
and resistance in the state of Perak, Malaysia. Antimicrob Resist Infect
Control 2021; 10: 29. https:/doi.org/10.1186/s13756-021-00892-0

144 Abdu N, Idrisnur S, Tewelde T et al. Antibiotic prescribing practice
using WHO access, watch and reserve classification and its determinants
among outpatient prescriptions dispensed to elderly population in six
community chain pharmacies in Asmara, Eritrea: a cross-sectional study.
BMJ Open 2024; 14: e085743. https://doi.org/10.1136/bmjopen-2024-
085743

145 El-Sokkary R, Kishk R, Mohy EL-Din S et al. Antibiotic use and resist-
ance among prescribers: current status of knowledge, attitude, and prac-
tice in Egypt. Infect Drug Resist 2021; 14: 1209-18. https://doi.org/10.
2147/IDR.S299453

146 Amin MT, Abd El Aty MA, Ahmed SM et al. Over prescription of anti-
biotics in children with acute upper respiratory tract infections: a study on
the knowledge, attitude and practices of non-specialized physicians in
Egypt. PLoS One 2022; 17: e0277308. https://doi.org/10.1371/journal.
pone.0277308

147 Karasneh RA, Al-Azzam SI, Ababneh M et al. Prescribers’ knowledge,
attitudes and behaviors on antibiotics, antibiotic use and antibiotic resist-
ance in Jordan. Antibiotics 2021; 10: 858. https://doi.org/10.3390/
antibiotics10070858

148 Hashmi H, Sasoli NA, Sadiq A et al. Prescribing patterns for upper re-
spiratory tract infections: a prescription-review of primary care practice in
Quetta, Pakistan and the implications. Front Public Health 2021; 9:
787933. https://doi.org/10.3389/fpubh.2021.787933

149 Orubu ESF, Al-Dheeb N, Ching C et al. Assessing antimicrobial resist-
ance, utilization, and stewardship in Yemen: an exploratory mixed-
methods study. Am J Trop Med Hyg 2021; 105: 1404-12. https://doi.org/
10.4269/ajtmh.21-0101

18 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.3390/antibiotics12061018
https://doi.org/10.1016/j.cell.2020.09.041
https://doi.org/10.1016/j.cell.2020.09.041
https://doi.org/10.4269/ajtmh.21-0899
https://doi.org/10.4269/ajtmh.21-0899
https://doi.org/10.1016/S1473-3099(17)30467-X
https://doi.org/10.1016/S1473-3099(17)30467-X
https://doi.org/10.1503/cmaj.181417
https://doi.org/10.1503/cmaj.181417
https://doi.org/10.1186/s13756-021-00998-5
https://doi.org/10.1186/s13756-021-00998-5
https://doi.org/10.1186/s13756-020-00811-9
https://doi.org/10.1186/s13756-020-00811-9
https://doi.org/10.3390/antibiotics11020141
https://doi.org/10.3390/antibiotics11020141
https://doi.org/10.2147/IDR.S431034
https://doi.org/10.2147/IDR.S431034
https://doi.org/10.2147/IDR.S425787
https://doi.org/10.1017/S0950268822000942
https://doi.org/10.1017/S0950268822000942
https://doi.org/10.1186/s12889-023-16700-w
https://doi.org/10.1016/j.socscimed.2024.116600
https://doi.org/10.1371/journal.pmed.1003139
https://doi.org/10.1371/journal.pmed.1003139
https://doi.org/10.3389/fpubh.2023.1230848
https://doi.org/10.3389/fpubh.2023.1230848
https://doi.org/10.1097/INF.0000000000003318
https://doi.org/10.3390/antibiotics10121486
https://doi.org/10.3233/JRS-220044
https://doi.org/10.1177/0300060518782519
https://doi.org/10.1093/jac/dkw520
https://doi.org/10.1186/s13756-023-01249-5
https://doi.org/10.1186/s13756-023-01249-5
https://doi.org/10.1186/s40545-023-00578-5
https://doi.org/10.1186/s40545-023-00578-5
https://doi.org/10.3390/ijerph16245141
https://doi.org/10.3390/ijerph16245141
https://doi.org/10.3390/antibiotics10050606
https://doi.org/10.3390/antibiotics10050606
https://doi.org/10.1186/s13756-021-00892-0
https://doi.org/10.1136/bmjopen-2024-085743
https://doi.org/10.1136/bmjopen-2024-085743
https://doi.org/10.2147/IDR.S299453
https://doi.org/10.2147/IDR.S299453
https://doi.org/10.1371/journal.pone.0277308
https://doi.org/10.1371/journal.pone.0277308
https://doi.org/10.3390/antibiotics10070858
https://doi.org/10.3390/antibiotics10070858
https://doi.org/10.3389/fpubh.2021.787933
https://doi.org/10.4269/ajtmh.21-0101
https://doi.org/10.4269/ajtmh.21-0101

Review

JAR

150 Ingelbeen B, Phanzu DM, Phoba MF et al. Antibiotic use from formal
and informal healthcare providers in the Democratic Republic of Congo: a
population-based study in two health zones. Clin Microbiol Infect 2022;
28: 1272-7. https://doi.org/10.1016/j.cmi.2022.04.002

151 Kakumba JM, Kindenge JM, Kapepula PM et al. Evaluation of antibiot-
ic prescribing pattern using WHO access, watch and reserve classification
in Kinshasa, Democratic Republic of Congo. Antibiotics 2023; 12: 39.
https://doi.org/10.3390/antibiotics12081239

152 Khalfan MA, Sasi P, Mugusi S. Factors influencing receipt of an anti-
biotic prescription among insured patients in Tanzania: a cross-sectional
study. BMJ Open 2022; 12: e062147. https://doi.org/10.1136/bmjopen-
2022-062147

153 Dereje B, Workneh A, Megersa A et al. Prescribing pattern and asso-
ciated factors in community pharmacies: a cross-sectional study using
AWaRe classification and WHO antibiotic prescribing indicators in Dire
Dawa, Ethiopia. Drugs Real World Outcomes 2023; 10: 459-69. https:/
doi.org/10.1007/s40801-023-00367-1

154 Sulis G, Daniels B, Kwan A et al. Antibiotic overuse in the primary
health care setting: a secondary data analysis of standardised patient
studies from India, China and Kenya. BMJ Glob Health 2020; 5:
e003393. https://doi.org/10.1136/bmjgh-2020-003393

155 Thi TVL, Canh Pham E, Dang-Nguyen DT. Evaluation of children’s
antibiotics use for outpatient pneumonia treatment in Vietnam. Braz J
Infect Dis 2024; 28: 103839. https:/doi.org/10.1016/j.bjid.2024.103839

156 Kabba JA, Tadesse N, James PB et al. Knowledge, attitude and anti-
biotic prescribing patterns of medical doctors providing free healthcare in
the outpatient departments of public hospitals in Sierra Leone: a national
cross-sectional study. Trans R Soc Trop Med Hyg 2020; 114: 448-58.
https://doi.org/10.1093/trstmh/trz137

157 Chukwu EE, Oladele DA, Enwuru CA et al. Antimicrobial resistance
awareness and antibiotic prescribing behavior among healthcare workers
in Nigeria: a national survey. BMC Infect Dis 2021; 21: 22. https:/doi.org/
10.1186/512879-020-05689-x

158 Farley E, Stewart A, Davies MA et al. Antibiotic use and resistance:
knowledge, attitudes and perceptions among primary care prescribers
in South Africa. S Afr Med J 2018; 108: 763-71. https://doi.org/10.7196/
SAMJ.2018.v108i9.12933

159 Maraqa B, Nazzal Z, Hamshari S et al. Palestinian physicians’ self-
reported practice regarding antibiotic use for upper respiratory tract in-
fections in primary healthcare. Front Med 2023; 10: 1139871. https://
doi.org/10.3389/fmed.2023.1139871

160 Shu G, Jayawardena K, Jayaweera Patabandige D et al. Knowledge,
perceptions and practices on antibiotic use among Sri Lankan doctors.
PLoS One 2022; 17: e0263167. https://doi.org/10.1371/journal.pone.
0263167

161 SychareunV, Sihavong A, Machowska A et al. Knowledge, attitudes,
perception and reported practices of healthcare providers on antibiotic
use and resistance in pregnancy, childbirth and children under two in
Lao PDR: a mixed methods study. Antibiotics 2021; 10: 1462. https:/doi.
0rg/10.3390/antibiotics10121462

162 Lim AH, Ab Rahman N, Ong SM et al. Impact evaluation of guidelines
on antibiotic utilisation and appropriateness in Malaysian public primary
care: an interrupted time series analysis. J Pharm Policy Pract 2024; 17:
2355666. https://doi.org/10.1080/20523211.2024.2355666

163 Igirikwayo ZK, Migisha R, Mukaga H et al. Prescription patterns of
antibiotics and associated factors among outpatients diagnosed with re-
spiratory tract infections in Jinja city, Uganda, June 2022-May 2023. BMC
Pulm Med 2024; 24: 446. https://doi.org/10.1186/s12890-024-03246-9
164 Kleczka B, Kumar P, Njeru MK et al. Using rubber stamps and mobile
phones to help understand and change antibiotic prescribing behaviour in
private sector primary healthcare clinics in Kenya. BMJ Glob Health 2019;
4: e001422. https:/doi.org/10.1136/bmjgh-2019-001422

165 De Vries E, Johnson Y, Willems B et al. Improving primary care anti-
microbial stewardship by implementing a peer audit and feedback inter-
vention in Cape Town community healthcare centres. S Afr Med J 2022;
112: 812-8. https://doi.org/10.7196/SAMJ.2022.v112i10.16397

166 Chandran DS, Manickavasagam PP. Sale of antibiotics without pre-
scription in stand-alone pharmacies in Tamil Nadu. J Family Med Prim
Care 2022; 11: 5516-20. https:/doi.org/10.4103/jfmpc.jfmpc_2157_21

167 Ayele AA, Mekuria AB, Tegegn HG et al. Management of minor ail-
ments in a community pharmacy setting: findings from simulated visits
and qualitative study in Gondar town, Ethiopia. PLoS One 2018; 13:
€0190583. https://doi.org/10.1371/journal.pone.0190583

168 Alkadhimi A, Dawood OT, Hassali MA. Dispensing of antibiotics in
community pharmacy in Irag: a qualitative study. Pharm Pract 2020;
18: 2095. https://doi.org/10.18549/PharmPract.2020.4.2095

169 Nguyen HH, Ho DP, Vu TLH et al. “I can make more from selling medi-
cine when breaking the rules”—understanding the antibiotic supply net-
work in a rural community in Viet Nam. BMC Public Health 2019; 19: 1560.
https://doi.org/10.1186/s12889-019-7812-z

170 Gacheri J, Hamilton KA, Munywoki P et al. Antibiotic prescribing prac-
tices in community and clinical settings during the COVID-19 pandemicin
Nairobi, Kenya. PLOS Glob Public Health 2024; 4: e0003046. https:/doi.org/
10.1371/journal.pgph.0003046

171 Islam MA, Akhtar Z, Hassan MZ et al. Pattern of antibiotic dispensing
at pharmacies according to the WHO access, watch, reserve (AWaRe)
classification in Bangladesh. Antibiotics 2022; 11: 247. https://doi.org/
10.3390/antibiotics11020247

172 Saleem Z, Hassali MA, Godman B et al. Sale of WHO AWaRe groups
antibiotics without a prescription in Pakistan: a simulated client study.
J Pharm Policy Pract 2020; 13: 26. https://doi.org/10.1186/s40545-020-
00233-3

173 Koju P, Rousseau SP, Van der Putten M et al. Advertisement of anti-
biotics for upper respiratory infections and equity in access to treatment:
a cross-sectional study in Nepal. J Pharm Policy Pract 2020; 13: 4. https:/
doi.org/10.1186/s40545-020-0202-1

174 Erku DA, Aberra SY. Non-prescribed sale of antibiotics for acute child-
hood diarrhea and upper respiratory tract infection in community phar-
macies: a 2 phase mixed-methods study. Antimicrob Resist Infect
Control 2018; 7: 92. https://doi.org/10.1186/s13756-018-0389-y

175 Edessa D, Kumsa FA, Dinsa G et al. Drug providers’ perspectives
on antibiotic misuse practices in eastern Ethiopia: a qualitative study.
BMJ Open 2024; 14: e085352. https://doi.org/10.1136/bmjopen-2024-
085352

176 Muloi D, Févre EM, Bettridge J et al. A cross-sectional survey of prac-
tices and knowledge among antibiotic retailers in Nairobi, Kenya. J Glob
Health 2019; 9: 010412. https://doi.org/10.7189/jogh.09.020412

177 Ndaki PM, Mwanga JR, Mushi MF et al. Practices and motives
behind antibiotics provision in drug outlets in Tanzania: a qualitative
study. PLoS One 2023; 18: e0290638. https:/doi.org/10.1371/journal.po
ne.0290638

178 Acharya Y, Nepal P, Yang D et al. Economic and social drivers of
antibiotic dispensing practices among community pharmacies in
Nepal. Trop Med Int Health 2021; 26: 557-71. https://doi.org/10.1111/
tmi.13555

179 Ngyedu EK, Acolatse J, Akafity G et al. Selling antibiotics without pre-
scriptions among community pharmacies and drug outlets: a simulated
client study from Ghana. Expert Rev Anti Infect Ther 2023; 21: 1373-82.
https://doi.org/10.1080/14787210.2023.2283037

180 Myemba DT, Maganda BA, Kibwana UO et al. Profiling of antimicro-
bial dispensing practices in accredited drug dispensing outlets in
Tanzania: a mixed-method cross-sectional study focusing on pediatric
patients. BMC Health Serv Res 2022; 22: 1575. https://doi.org/10.1186/
512913-022-08980-6

19 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.1016/j.cmi.2022.04.002
https://doi.org/10.3390/antibiotics12081239
https://doi.org/10.1136/bmjopen-2022-062147
https://doi.org/10.1136/bmjopen-2022-062147
https://doi.org/10.1007/s40801-023-00367-1
https://doi.org/10.1007/s40801-023-00367-1
https://doi.org/10.1136/bmjgh-2020-003393
https://doi.org/10.1016/j.bjid.2024.103839
https://doi.org/10.1093/trstmh/trz137
https://doi.org/10.1186/s12879-020-05689-x
https://doi.org/10.1186/s12879-020-05689-x
https://doi.org/10.7196/SAMJ.2018.v108i9.12933
https://doi.org/10.7196/SAMJ.2018.v108i9.12933
https://doi.org/10.3389/fmed.2023.1139871
https://doi.org/10.3389/fmed.2023.1139871
https://doi.org/10.1371/journal.pone.0263167
https://doi.org/10.1371/journal.pone.0263167
https://doi.org/10.3390/antibiotics10121462
https://doi.org/10.3390/antibiotics10121462
https://doi.org/10.1080/20523211.2024.2355666
https://doi.org/10.1186/s12890-024-03246-9
https://doi.org/10.1136/bmjgh-2019-001422
https://doi.org/10.7196/SAMJ.2022.v112i10.16397
https://doi.org/10.4103/jfmpc.jfmpc_2157_21
https://doi.org/10.1371/journal.pone.0190583
https://doi.org/10.18549/PharmPract.2020.4.2095
https://doi.org/10.1186/s12889-019-7812-z
https://doi.org/10.1371/journal.pgph.0003046
https://doi.org/10.1371/journal.pgph.0003046
https://doi.org/10.3390/antibiotics11020247
https://doi.org/10.3390/antibiotics11020247
https://doi.org/10.1186/s40545-020-00233-3
https://doi.org/10.1186/s40545-020-00233-3
https://doi.org/10.1186/s40545-020-0202-1
https://doi.org/10.1186/s40545-020-0202-1
https://doi.org/10.1186/s13756-018-0389-y
https://doi.org/10.1136/bmjopen-2024-085352
https://doi.org/10.1136/bmjopen-2024-085352
https://doi.org/10.7189/jogh.09.020412
https://doi.org/10.1371/journal.pone.0290638
https://doi.org/10.1371/journal.pone.0290638
https://doi.org/10.1111/tmi.13555
https://doi.org/10.1111/tmi.13555
https://doi.org/10.1080/14787210.2023.2283037
https://doi.org/10.1186/s12913-022-08980-6
https://doi.org/10.1186/s12913-022-08980-6

Review

181 Ndaki PM, Mushi MF, Mwanga JR et al. Dispensing antibiotics without
prescription at community pharmacies and accredited drug dispensing
outlets in Tanzania: a cross-sectional study. Antibiotics 2021; 10: 1025.
https://doi.org/10.3390/antibiotics10081025

182 Matin MA, Khan WA, Karim MM et al. What influences antibiotic sales
in rural Bangladesh? A drug dispensers’ perspective. J Pharm Policy Pract
2020; 13: 20. https://doi.org/10.1186/s40545-020-00212-8

183 Nizame FA, Shoaib DM, Rousham EK et al. Barriers and facilitators to
adherence to national drug policies on antibiotic prescribing and dispens-
ing in Bangladesh. J Pharm Policy Pract 2021; 14: 85. https://doi.org/10.
1186/s40545-021-00342-7

184 Rakhshani NS, Kaljee LM, Khan MI et al. A formative assessment of
antibiotic dispensing/prescribing practices and knowledge and percep-
tions of antimicrobial resistance (AMR) among healthcare workers in
Lahore Pakistan. Antibiotics 2022; 11: 1418. https://doi.org/10.3390/
antibiotics11101418

185 Godman B, Haque M, Islam S et al. Rapid assessment of price in-
stability and paucity of medicines and protection for COVID-19 across
Asia: findings and public health implications for the future. Front
Public Health 2020; 8: 585832. https://doi.org/10.3389/fpubh.2020.
585832

186 Mukokinya MMA, Opanga S, Oluka M et al. Dispensing of antimi-
crobials in Kenya: a cross-sectional pilot study and its implications. J
Res Pharm Pract 2018; 7: 77-82. https://doi.org/10.4103/jrpp.JRPP_
17_88

187 Opanga S, Rizvi N, Wamaitha A et al. Availability of medicines in com-
munity pharmacy to manage patients with COVID-19 in Kenya; pilot
study and implications. Sch Acad J Pharm 2021; 3: 36-42. https://doi.
0rg/10.36347/sajp.2021.v10i03.001

188 Abubakar U, Tangiisuran B. Knowledge and practices of community
pharmacists towards non-prescription dispensing of antibiotics in nor-
thern Nigeria. Int J Clin Pharm 2020; 42: 756-64. https://doi.org/10.
1007/s11096-020-01019-y

189 Bagonza A, Kitutu FE, Peterson S et al. Effectiveness of peer-
supervision on pediatric fever illness treatment among registered private
drug sellers in east-central Uganda: an interrupted time series analysis.
Health Sci Rep 2021; 4: e284. https://doi.org/10.1002/hsr2.284

190 Poyongo BP, Sangeda RZ. Pharmacists’ knowledge, attitude and
practice regarding the dispensing of antibiotics without prescription in
Tanzania: an explorative cross-sectional study. Pharmacy 2020; 8: 238.
https:/doi.org/10.3390/pharmacy8040238

191 Greene HC, Makovi K, Abdul-Mumin R et al. Challenges in the distri-
bution of antimicrobial medications in community dispensaries in
Accra, Ghana. PLoS One 2024; 19: e0281699. https:/doi.org/10.1371/
journal.pone.0281699

192 Zulu A, Matafwali SK, Banda M et al. Assessment of knowledge, atti-
tude and practices on antibiotic resistance among undergraduate medic-
al students in the school of medicine at the University of Zambia. Int J
Basic Clin Pharmacol 2020; 9: 263-2701. https://doi.org/10.18203/2319-
2003.ijbcp20200174

193 Kamoto A, Chapotera G, Suleman F. Knowledge, attitude and per-
ception on antimicrobial use and antimicrobial resistance among final
year medical students in the college of medicine, Malawi. Malawi Med J
2020; 32: 120-3. https://doi.org/10.4314/mmj.v32i3.3

194 Okedo-Alex I, Madubueze UC, Umeokonkwo CD et al. Knowledge of
antibiotic use and resistance among students of a medical school in
Nigeria. Malawi Med J 2019; 31: 133-7. https:/doi.org/10.4314/mm;.
v31i2.5

195 Augie BM, van ZylRL, McInerney PA et al. Knowledge and perceptions
about antibiotic resistance and prudent antibiotic prescribing among final
year medical students in two African countries. Int J Pharm Pract 2021;
29: 508-14. https://doi.org/10.1093/ijpp/riab044

196 Nisabwe L, Brice H, Umuhire MC et al. Knowledge and attitudes to-
wards antibiotic use and resistance among undergraduate healthcare
students at university of Rwanda. J Pharm Policy Pract 2020; 13: 7.
https://doi.org/10.1186/s40545-020-00207-5

197 Kanyike AM, Olum R, Kajjimu J et al. Antimicrobial resistance and ra-
tional use of medicine: knowledge, perceptions, and training of clinical
health professions students in Uganda. Antimicrob Resist Infect Control
2022; 11: 145. https://doi.org/10.1186/s13756-022-01186-9

198 Lubwama M, Onyuka J, Ayazika KT et al. Knowledge, attitudes, and
perceptions about antibiotic use and antimicrobial resistance among final
year undergraduate medical and pharmacy students at three universities
in east Africa. PLoS One 2021; 16: e0251301. https://doi.org/10.1371/
journal.pone.0251301

199 Chuwa BB, Njau LA, Msigwa KI et al. Prevalence and factors asso-
ciated with self medication with antibiotics among university students
in Moshi Kilimanjaro Tanzania. Afr Health Sci 2021; 21: 633-9. https:/
doi.org/10.4314/ahs.v21i2.19

200 Sefah IA, Akwaboah E, Sarkodie E et al. Evaluation of healthcare stu-
dents’ knowledge on antibiotic use, antimicrobial resistance and anti-
microbial stewardship programs and associated factors in a tertiary
university in Ghana: findings and implications. Antibiotics 2022; 11:
1679. https://doi.org/10.3390/antibiotics11121679

201 Owusu-Ofori AK, Darko E, Danquah CA et al. Self-medication and
antimicrobial resistance: a survey of students studying healthcare pro-
grammes at a tertiary institution in Ghana. Front Public Health 2021; 9:
706290. https:/doi.org/10.3389/fpubh.2021.706290

202 Fetensa G, Wakuma B, Tolossa T et al. Knowledge and attitude to-
wards antimicrobial resistance of graduating health science students of
Wollega University. Infect Drug Resist 2020; 13: 3937-44. https:/doi.
org/10.2147/IDR.S264481

203 Ayepola OO, Onile-Ere OA, Shodeko OE et al. Dataset on the knowl-
edge, attitudes and practices of university students towards antibiotics.
Data Brief 2018; 19: 2084-94. https://doi.org/10.1016/j.dib.2018.06.090
204 Akande-Sholabi W, Ajamu AT. Antimicrobial stewardship: assessment
of knowledge, awareness of antimicrobial resistance and appropriate anti-
biotic use among healthcare students in a Nigerian university. BMC Med
Educ 2021; 21: 488. https://doi.org/10.1186/s12909-021-02912-4

205 Shitindi L, Issa O, Poyongo BP et al. Comparison of knowledge, atti-
tude, practice and predictors of self-medication with antibiotics among
medical and non-medical students in Tanzania. Front Pharmacol 2023;
14:1301561. https://doi.org/10.3389/fphar.2023.1301561

206 Nakato G, Adongo PR, Iramiot JS et al. Practices and drivers of self-
medication with antibiotics among undergraduate medical students in
eastern Uganda: a cross-sectional study. PLoS One 2023; 18: e0293685.
https://doi.org/10.1371/journal.pone.0293685

207 Amponsah SK, Odamtten G, Adams I et al. A comparative analysis of
pattern and attitude towards self-medication among pharmacy and non-
pharmacy students in university of Ghana. Pan Afr Med J 2022; 41: 254.
https://doi.org/10.11604/pam;j.2022.41.254.31013

208 Ajibola O, Omisakin OA, Eze AA et al. Self-medication with antibio-
tics, attitude and knowledge of antibiotic resistance among community
residents and undergraduate students in northwest Nigeria. Diseases
2018; 6: 32. https://doi.org/10.3390/diseases6020032

209 Tuyishimire J, Okoya F, Adebayo AY et al. Assessment of self-
medication practices with antibiotics among undergraduate university
students in Rwanda. Pan Afr Med J 2019; 33: 307. https://doi.org/10.
11604/pam;j.2019.33.307.18139

210 Abuawad M, Ziyadeh-Isleem A, Mahamid A et al. Knowledge, per-
ception, and attitudes of medical students towards antimicrobial resist-
ance and stewardship: an observational cross-sectional study from
Palestine. BMC Med Educ 2024; 24: 302. https://doi.org/10.1186/s12909-
024-05276-7

20 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.3390/antibiotics10081025
https://doi.org/10.1186/s40545-020-00212-8
https://doi.org/10.1186/s40545-021-00342-7
https://doi.org/10.1186/s40545-021-00342-7
https://doi.org/10.3390/antibiotics11101418
https://doi.org/10.3390/antibiotics11101418
https://doi.org/10.3389/fpubh.2020.585832
https://doi.org/10.3389/fpubh.2020.585832
https://doi.org/10.4103/jrpp.JRPP_17_88
https://doi.org/10.4103/jrpp.JRPP_17_88
https://doi.org/10.36347/sajp.2021.v10i03.001
https://doi.org/10.36347/sajp.2021.v10i03.001
https://doi.org/10.1007/s11096-020-01019-y
https://doi.org/10.1007/s11096-020-01019-y
https://doi.org/10.1002/hsr2.284
https://doi.org/10.3390/pharmacy8040238
https://doi.org/10.1371/journal.pone.0281699
https://doi.org/10.1371/journal.pone.0281699
https://doi.org/10.18203/2319-2003.ijbcp20200174
https://doi.org/10.18203/2319-2003.ijbcp20200174
https://doi.org/10.4314/mmj.v32i3.3
https://doi.org/10.4314/mmj.v31i2.5
https://doi.org/10.4314/mmj.v31i2.5
https://doi.org/10.1093/ijpp/riab044
https://doi.org/10.1186/s40545-020-00207-5
https://doi.org/10.1186/s13756-022-01186-9
https://doi.org/10.1371/journal.pone.0251301
https://doi.org/10.1371/journal.pone.0251301
https://doi.org/10.4314/ahs.v21i2.19
https://doi.org/10.4314/ahs.v21i2.19
https://doi.org/10.3390/antibiotics11121679
https://doi.org/10.3389/fpubh.2021.706290
https://doi.org/10.2147/IDR.S264481
https://doi.org/10.2147/IDR.S264481
https://doi.org/10.1016/j.dib.2018.06.090
https://doi.org/10.1186/s12909-021-02912-4
https://doi.org/10.3389/fphar.2023.1301561
https://doi.org/10.1371/journal.pone.0293685
https://doi.org/10.11604/pamj.2022.41.254.31013
https://doi.org/10.3390/diseases6020032
https://doi.org/10.11604/pamj.2019.33.307.18139
https://doi.org/10.11604/pamj.2019.33.307.18139
https://doi.org/10.1186/s12909-024-05276-7
https://doi.org/10.1186/s12909-024-05276-7

Review

JAR

211 Assar A, Abdelraoof MI, Abdel-Maboud M et al. Knowledge, attitudes,
and practices of Egypt’s future physicians towards antimicrobial resist-
ance (KAP-AMR study): a multicenter cross-sectional study. Environ Sci
Pollut Res Int 2020; 27: 21292-8. https://doi.org/10.1007/s11356-020-
08534-5

212 Al-Taani GM, Karasneh RA, Al-Azzam S et al. Knowledge, attitude,
and behavior about antimicrobial use and resistance among medical,
nursing and pharmacy students in Jordan: a cross sectional study.
Antibiotics 2022; 11: 1559. https://doi.org/10.3390/antibiotics11111559

213 Hussain I, Yousaf N, Haider S et al. Assessing knowledge and percep-
tion regarding antimicrobial stewardship and antimicrobial resistance in
university students of Pakistan: findings and implications. Antibiotics
2021; 10: 866. https://doi.org/10.3390/antibiotics10070866

214 Shah S, Abbas G, Chauhdary Z et al. Antibiotic use: a cross-sectional
survey assessing the knowledge, attitudes, and practices amongst stu-
dents of Punjab, Pakistan. J Am Coll Health 2022; 70: 2499-504. https:/
doi.org/10.1080/07448481.2020.1865984

215 Elmahi OKO, Musa RAE, Shareef AAH et al. Perception and practice of
self-medication with antibiotics among medical students in Sudanese
universities: a cross-sectional study. PLoS One 2022; 17: e0263067.
https:/doi.org/10.1371/journal.pone.0263067

216 Naser AY, Aboutaleb R, Khaleel A et al. Knowledge, attitude, and
practices of pharmacy students in 7 Middle Eastern countries concerning
antibiotic resistance: a cross-sectional study. Medicine 2024; 103:
e39378. https://doi.org/10.1097/MD.0000000000039378.

217 Mostafa A, Abdelzaher A, Rashed S et al. Is health literacy associated
with antibiotic use, knowledge and awareness of antimicrobial resistance
among non-medical university students in Eqypt? A cross-sectional study.
BMJ Open 2021; 11: e046453. https://doi.org/10.1136/bmjopen-2020-
046453

218 Hayat K, Fatima N, Umer MF et al. Understanding of future prescri-
bers about antimicrobial resistance and their preparedness towards anti-
microbial stewardship activities in Pakistan: findings and implications.
Front Pharmacol 2022; 13: 771083. https://doi.org/10.3389/fphar.2022.
771083

219 Abdelkarim OA, Abubakar U, Hussain MA et al. Knowledge, percep-
tion, and self-confidence of antibiotic resistance, appropriate antibiotic
therapy, and antibiotic stewardship among undergraduate pharmacy
students in Sudan. Infect Drug Resist 2024; 17: 935-49. https://doi.org/
10.2147/1DR.S435190

220 HayatK, Jamshed S, Rosenthal M et al. Understanding of pharmacy
students towards antibiotic use, antibiotic resistance and antibiotic stew-
ardship programs: a cross-sectional study from Punjab,. Pakistan.
Antibiotics 2021; 10: 66. https://doi.org/10.3390/antibiotics10010066
221 Alsayed AR, Darwish El Hajji F, Al-Najjar MAA et al. Patterns of anti-
biotic use, knowledge, and perceptions among different population cat-
egories: a comprehensive study based in Arabic countries. Saudi Pharm
J2022; 30: 317-28. https://doi.org/10.1016/}.jsps.2022.01.013

222 Gupta MK, Vohra C, Raghav P. Assessment of knowledge, attitudes,
and practices about antibiotic resistance among medical students in
India. J Family Med Prim Care 2019; 8: 2864-9. https://doi.org/10.4103/
jfmpc.jfmpc_504_19

223 Ritchie O, Shetty V, Prabhu S et al. Confidence in antibiotic prescribing
intentions among senior medical students in India. Am J Trop Med Hyg
2020; 103: 2561-7. https:/doi.org/10.4269/ajtmh.20-0193

224 Marzan M, Islam DZ, Lugova H et al. Knowledge, attitudes, and prac-
tices of antimicrobial uses and resistance among public university stu-
dents in Bangladesh. Infect Drug Resist 2021; 14: 519-33. https:/doi.
org/10.2147/IDR.S289964

225 Shrestha R. Knowledge, attitude and practice on antibiotics use and
its resistance among medical students in a tertiary care hospital. J Nepal
Med Assoc 2019; 57: 74-9. https://doi.org/10.31729/jnma.4224

226 Abubakar U, Muhammad HT, Sulaiman SAS et al. Knowledge and
self-confidence of antibiotic resistance, appropriate antibiotic therapy,
and antibiotic stewardship among pharmacy undergraduate students
in three Asian countries. Curr Pharm Teach Learn 2020; 12: 265-73.
https://doi.org/10.1016/j.cptl.2019.12.002

227 Shah P, Shrestha R, Mao Z et al. Knowledge, attitude, and practice
associated with antibiotic use among university students: a survey in
Nepal. Int J Environ Res Public Health 2019; 16: 3996. https://doi.org/10.
3390/ijerph16203996

228 Sakeena MH, Bennett AA, Mohamed F et al. Investigating knowledge
regarding antibiotics among pharmacy and allied health sciences stu-
dents in a Sri Lankan university. J Infect Dev Ctries 2018; 12: 726-32.
https://doi.org/10.3855/jidc.10388

229 Sakeena MHF, Bennett AA, Jamshed S et al. Investigating knowledge
regarding antibiotics and antimicrobial resistance among pharmacy stu-
dents in Sri Lankan universities. BMC Infect Dis 2018; 18: 209. https:/doi.
0rg/10.1186/s12879-018-3107-8

230 Jayaweerasingham M, Angulmaduwa S, Liyanapathirana V.
Knowledge, beliefs and practices on antibiotic use and resistance among
a group of trainee nurses in Sri Lanka. BMC Res Notes 2019; 12: 601.
https://doi.org/10.1186/s13104-019-4640-2

231 Sakeena MHF, Bennett AA, Carter SJ et al. A comparative study re-
garding antibiotic consumption and knowledge of antimicrobial resist-
ance among pharmacy students in Australia and Sri Lanka. PLoS One
2019; 14: e0213520. https://doi.org/10.1371/journal.pone.0213520

232 NabiN, Baluja Z, Mukherjee Set al. Trends in practices of self-medication
with antibiotics among medical undergraduates in India. J Pharm Bioallied Sci
2022; 14: 19-24. https://doi.org/10.4103/jpbs.jpbs_17_21

233 Mandal NK, Rauniyar GP, Rai DS et al. Self-medication practice of
antibiotics among medical and dental undergraduate students in a med-
ical college in eastern Nepal: a descriptive cross-sectional study. J Nepal
Med Assoc 2020; 58: 328-32. https://doi.org/10.31729/jnma.4914

234 Shah K, Halder S, Haider SS. Assessment of knowledge, perception,
and awareness about self-medication practices among university stu-
dents in Nepal. Heliyon 2021; 7: e05976. https:/doi.org/10.1016/j.
heliyon.2021.e05976

235 Paul GK, Swapon MS, Kaderi Kibria KM. Knowledge, awareness, and
attitudes toward antibiotic resistance and practice of self-medication
among university students in Bangladesh: a cross-sectional study.
J Educ Health Promot 2022; 11: 115. https:/doi.org/10.4103/jehp.jehp_
602_21

236 Wahab A, Alam MM, Hasan S et al. Exploring the knowledge, prac-
tices and determinants of antibiotic self-medication among
Bangladeshi university students in the era of COVID-19: a cross-sectional
study. Heliyon 2023; 9: €19923. https://doi.org/10.1016/j.heliyon.2023.
e19923

237 Yang G, Xie J, Chen Q et al. Knowledge, attitude, and practice about
antibiotic use and antimicrobial resistance among nursing students in
China: a cross sectional study. Infect Drug Resist 2024; 17: 1085-98.
https://doi.org/10.2147/IDR.S454489

238 Seam MOR, Bhatta R, Saha BL et al. Assessing the perceptions and
practice of self-medication among Bangladeshi undergraduate phar-
macy students. Pharmacy 2018; 6: 6. https:/doi.org/10.3390/
pharmacy6010006

239 HuY, Wang X, Tucker JD et al. Knowledge, attitude, and practice with
respect to antibiotic use among Chinese medical students: a multicentre
cross-sectional study. Int J Environ Res Public Health 2018; 15: 1165.
https://doi.org/10.3390/ijerph15061165

240 LinL, Fearon E, Harbarth S et al. Decisions to use antibiotics for upper
respiratory tract infections across China: a large-scale cross-sectional sur-
vey among university students. BMJ Open 2020; 10: e039332. https://doi.
org/10.1136/bmjopen-2020-039332

21 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.1007/s11356-020-08534-5
https://doi.org/10.1007/s11356-020-08534-5
https://doi.org/10.3390/antibiotics11111559
https://doi.org/10.3390/antibiotics10070866
https://doi.org/10.1080/07448481.2020.1865984
https://doi.org/10.1080/07448481.2020.1865984
https://doi.org/10.1371/journal.pone.0263067
https://doi.org/10.1097/MD.0000000000039378
https://doi.org/10.1136/bmjopen-2020-046453
https://doi.org/10.1136/bmjopen-2020-046453
https://doi.org/10.3389/fphar.2022.771083
https://doi.org/10.3389/fphar.2022.771083
https://doi.org/10.2147/IDR.S435190
https://doi.org/10.2147/IDR.S435190
https://doi.org/10.3390/antibiotics10010066
https://doi.org/10.1016/j.jsps.2022.01.013
https://doi.org/10.4103/jfmpc.jfmpc_504_19
https://doi.org/10.4103/jfmpc.jfmpc_504_19
https://doi.org/10.4269/ajtmh.20-0193
https://doi.org/10.2147/IDR.S289964
https://doi.org/10.2147/IDR.S289964
https://doi.org/10.31729/jnma.4224
https://doi.org/10.1016/j.cptl.2019.12.002
https://doi.org/10.3390/ijerph16203996
https://doi.org/10.3390/ijerph16203996
https://doi.org/10.3855/jidc.10388
https://doi.org/10.1186/s12879-018-3107-8
https://doi.org/10.1186/s12879-018-3107-8
https://doi.org/10.1186/s13104-019-4640-2
https://doi.org/10.1371/journal.pone.0213520
https://doi.org/10.4103/jpbs.jpbs_17_21
https://doi.org/10.31729/jnma.4914
https://doi.org/10.1016/j.heliyon.2021.e05976
https://doi.org/10.1016/j.heliyon.2021.e05976
https://doi.org/10.4103/jehp.jehp_602_21
https://doi.org/10.4103/jehp.jehp_602_21
https://doi.org/10.1016/j.heliyon.2023.e19923
https://doi.org/10.1016/j.heliyon.2023.e19923
https://doi.org/10.2147/IDR.S454489
https://doi.org/10.3390/pharmacy6010006
https://doi.org/10.3390/pharmacy6010006
https://doi.org/10.3390/ijerph15061165
https://doi.org/10.1136/bmjopen-2020-039332
https://doi.org/10.1136/bmjopen-2020-039332

Review

241 Min S, Zhou Y, Sun Y et al. Knowledge, attitude, and practice asso-
ciated with antimicrobial resistance among medical students between
2017 and 2022: a survey in east China. Front Public Health 2022; 10:
1010582. https://doi.org/10.3389/fpubh.2022.1010582

242 Haque M, Rahman NAA, McKimm J et al. Antibiotic use: a cross-
sectional study evaluating the understanding, usage and perspectives
of medical students and pathfinders of a public defence university in
Malaysia. Antibiotics 2019; 8: 154. https://doi.org/10.3390/antibiotics
8030154

243 Wang Y, Guo F, Wei J et al. Knowledge, attitudes and practices in re-
lation to antimicrobial resistance amongst Chinese public health under-
graduates. J Glob Antimicrob Resist 2020; 23: 9-15. https://doi.org/10.
1016/j.jgar.2020.07.023

244 Haque M, Rahman NAA, McKimm J et al. A cross-sectional study
evaluating the knowledge and beliefs about, and the use of antibiotics
amongst Malaysian university students. Expert Rev Anti Infect Ther
2019; 17: 275-84. https://doi.org/10.1080/14787210.2019.1581607
245 Peng D, Wang X, Xu Y et al. Antibiotic misuse among university stu-
dents in developed and less developed regions of China: a cross-sectional
survey. Glob Health Action 2018; 11: 1496973. https:/doi.org/10.1080/
16549716.2018.1496973

246 Haque M, Ara T, Hag MA et al. Antimicrobial prescribing confidence
and knowledge regarding drug resistance: perception of medical students
in Malaysia and the implications. Antibiotics 2022; 11: 540. https://doi.org/
10.3390/antibiotics11050540

247 Ahmed S, Tareq AH, Ilyas D. The impact of antimicrobial resistance
and stewardship training sessions on knowledge of healthcare students
of Wah cantonment, Pakistan. Inquiry 2024; 61: 469580241228443.
https:/doi.org/10.1177/00469580241228443

248 Shembo AKP, Musumari PM, Srithanaviboonchai K et al. A qualitative
study on community use of antibiotics in Kinshasa, Democratic Republic
of Congo. PLoS One 2022; 17: e0267544. https://doi.org/10.1371/
journal.pone.0267544

249 Mengesha Y, Manaye B, Moges G. Assessment of public awareness,
attitude, and practice regarding antibiotic resistance in Kemissie town,
northeast Ethiopia: community-based cross-sectional study. Infect Drug
Resist 2020; 13: 3783-9. https:/doi.org/10.2147/IDR.S280036

250 Dejene H, Birhanu R, Tarekegn ZS. Knowledge, attitude and practices
of residents toward antimicrobial usage and resistance in Gondar,
Northwest Ethiopia. One Health Outlook 2022; 4: 10. https://doi.org/10.
1186/s42522-022-00066-x

251 Simegn W, Moges G. Awareness and knowledge of antimicrobial re-
sistance and factors associated with knowledge among adults in Dessie
city, northeast Ethiopia: community-based cross-sectional study. PLoS
One 2022; 17: e0279342. https://doi.org/10.1371/journal.pone.0279342

252 Muhummed AM, Alemu A, Maidane YO et al. Knowledge, attitudes,
and practices of rural communities regarding antimicrobial resistance
and climate change in Adadle district, Somali region, Ethiopia: a mixed-
methods study. Antibiotics 2024; 13: 292. https://doi.org/10.3390/
antibiotics13040292

253 Ekambi GAE, Ebongue C O, Penda IC et al. Knowledge, practices and
attitudes on antibiotics use in Cameroon: self-medication and prescrip-
tion survey among children, adolescents and adults in private pharma-
cies. PLoS One 2019; 14: e0212875. https://doi.org/10.1371/journal.
pone.0212875

254 Vicar EK, Walana W, Mbabila A et al. Drivers of household antibiotic
use in urban informal settlements in northern Ghana: implications for
antimicrobial resistance control. Health Sci Rep 2023; 6: €1388. https:/
doi.org/10.1002/hsr2.1388

255 Effah CY, Amoah AN, Liu H et al. A population-base survey on knowl-
edge, attitude and awareness of the general public on antibiotic use and

resistance. Antimicrob Resist Infect Control 2020; 9: 105. https://doi.org/
10.1186/513756-020-00768-9

256 Horumpende PG, Said SH, Mazuguni FS et al. Prevalence, determi-
nants and knowledge of antibacterial self-medication: a cross sectional
study in north-eastern Tanzania. PLoS One 2018; 13: e0206623. https://
doi.org/10.1371/journal.pone.0206623

257 Bassoum O, Sougou NM, Diongue M et al. Assessment of general
public’s knowledge and opinions towards antibiotic use and bacterial re-
sistance: a cross-sectional study in an urban setting, Rufisque, Senegal.
Pharmacy 2018; 6: 103. https://doi.org/10.3390/pharmacy6040103

258 Mudenda S, Simukoko N, Mohamed S. Knowledge, attitude and prac-
tices regarding antimicrobial use and resistance among community
members of Mtendere township in Lusaka, Zambia: findings and implica-
tions on antimicrobial stewardship. Int J Basic Clin Pharmacol 2024; 13:
315-21. https://doi.org/10.18203/2319-2003.ijbcp20240985

259 Kampamba M, Hamaambo B, Hikaambo CN et al. Evaluation of
knowledge and practices on antibiotic use: a cross-sectional study on
self-reported adherence to short-term antibiotic utilization among pa-
tients visiting level-1 hospitals in Lusaka, Zambia. JAC Antimicrob Resist
2024; 6: dlae120. https://doi.org/10.1093/jacamr/dlae120

260 Chukwu EE, Oladele DA, Awoderu OB et al. A national survey of public
awareness of antimicrobial resistance in Nigeria. Antimicrob Resist Infect
Control 2020; 9: 72. https://doi.org/10.1186/s13756-020-00739-0

261 Isah A, Aina AB, Ben-Umeh KC et al. Assessment of public knowledge
and attitude toward antibiotics use and resistance: a community
pharmacy-based survey. J Pharm Policy Pract 2023; 16: 107. https://doi.
0rg/10.1186/s40545-023-00619-z

262 Farley E, van den Bergh D, Coetzee R et al. Knowledge, attitudes and
perceptions of antibiotic use and resistance among patients in South
Africa: a cross-sectional study. S Afr J Infect Dis 2019; 34: 118. https://
doi.org/10.4102/sqjid.v34i1.118

263 Mutagonda RF, Marealle AI, Nkinda L et al. Determinants of misuse
of antibiotics among parents of children attending clinics in regional refer-
ral hospitals in Tanzania. Sci Rep 2022; 12: 4836. https://doi.org/10.1038/
$41598-022-08895-6

264 Sambakunsi CS, Smdbrekke L, Varga CA et al. Knowledge, attitudes
and practices related to self-medication with antimicrobials in
Lilongwe, Malawi. Malawi Med J 2019; 31: 225-32. https://doi.org/10.
4314/mmij.v31i4.2

265 Sindato C, Mboera LEG, Katale BZ et al. Knowledge, attitudes and
practices regarding antimicrobial use and resistance among communities
of Ilalg, Kilosa and Kibaha districts of Tanzania. Antimicrob Resist Infect
Control 2020; 9: 194. https:/doi.org/10.1186/513756-020-00862-y

266 Mboya EA, Davies ML, Horumpende PG et al. Inadequate knowledge
on appropriate antibiotics use among clients in the Moshi municipality
northern Tanzania. PLoS One 2020; 15: e0239388. https://doi.org/10.
1371/journal.pone.0239388

267 Gabriel S, Manumbu L, Mkusa O et al. Knowledge of use of antibiotics
among consumers in Tanzania. JAC Antimicrob Resist 2021; 3: dlab183.
https://doi.org/10.1093/jacamr/dlab183

268 Mokoena TTW, Schellack N, Brink AJ. Driving antibiotic stewardship
awareness through the minibus-taxi community across the Tshwane dis-
trict, South Africa—a baseline evaluation. JAC Antimicrob Resist 2021; 3:
dlab106. https://doi.org/10.1093/jacamr/dlab106

269 Lanyero H, Eriksen J, Obua C et al. Use of antibacterials in the man-
agement of symptoms of acute respiratory tract infections among chil-
dren under five years in Gulu, northern Uganda: prevalence and
determinants. PLoS One 2020; 15: e0235164. https://doi.org/10.1371/
journal.pone.0235164

270 Ngoma MT, Sitali D, Mudenda S et al. Community antibiotic consump-
tion and associated factors in Lusaka district of Zambia: findings and

22 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.3389/fpubh.2022.1010582
https://doi.org/10.3390/antibiotics8030154
https://doi.org/10.3390/antibiotics8030154
https://doi.org/10.1016/j.jgar.2020.07.023
https://doi.org/10.1016/j.jgar.2020.07.023
https://doi.org/10.1080/14787210.2019.1581607
https://doi.org/10.1080/16549716.2018.1496973
https://doi.org/10.1080/16549716.2018.1496973
https://doi.org/10.3390/antibiotics11050540
https://doi.org/10.3390/antibiotics11050540
https://doi.org/10.1177/00469580241228443
https://doi.org/10.1371/journal.pone.0267544
https://doi.org/10.1371/journal.pone.0267544
https://doi.org/10.2147/IDR.S280036
https://doi.org/10.1186/s42522-022-00066-x
https://doi.org/10.1186/s42522-022-00066-x
https://doi.org/10.1371/journal.pone.0279342
https://doi.org/10.3390/antibiotics13040292
https://doi.org/10.3390/antibiotics13040292
https://doi.org/10.1371/journal.pone.0212875
https://doi.org/10.1371/journal.pone.0212875
https://doi.org/10.1002/hsr2.1388
https://doi.org/10.1002/hsr2.1388
https://doi.org/10.1186/s13756-020-00768-9
https://doi.org/10.1186/s13756-020-00768-9
https://doi.org/10.1371/journal.pone.0206623
https://doi.org/10.1371/journal.pone.0206623
https://doi.org/10.3390/pharmacy6040103
https://doi.org/10.18203/2319-2003.ijbcp20240985
https://doi.org/10.1093/jacamr/dlae120
https://doi.org/10.1186/s13756-020-00739-0
https://doi.org/10.1186/s40545-023-00619-z
https://doi.org/10.1186/s40545-023-00619-z
https://doi.org/10.4102/sajid.v34i1.118
https://doi.org/10.4102/sajid.v34i1.118
https://doi.org/10.1038/s41598-022-08895-6
https://doi.org/10.1038/s41598-022-08895-6
https://doi.org/10.4314/mmj.v31i4.2
https://doi.org/10.4314/mmj.v31i4.2
https://doi.org/10.1186/s13756-020-00862-y
https://doi.org/10.1371/journal.pone.0239388
https://doi.org/10.1371/journal.pone.0239388
https://doi.org/10.1093/jacamr/dlab183
https://doi.org/10.1093/jacamr/dlab106
https://doi.org/10.1371/journal.pone.0235164
https://doi.org/10.1371/journal.pone.0235164

Review

JAR

implications for antimicrobial resistance and stewardship. JAC Antimicrob
Resist 2024; 6: dlae034. https://doi.org/10.1093/jacamr/dlae034

271 Russom M, Bahta M, Debesai M et al. Knowledge, attitude and prac-
tice of antibiotics and their determinants in Eritrea: an urban population-
based survey. BMJ Open 2021; 11: e046432. https:/doi.org/10.1136/
bmjopen-2020-046432

272 Wildbret S, Stuck L, Luchen CC et al. Drivers of informal sector and
non-prescription medication use in pediatric populations in a low- and
middle-income setting: a prospective cohort study in Zambia. PLoS Glob
Public Health 2023; 3: e0002072. https://doi.org/10.1371/journal.pgph.
0002072

273 Bogale AA, Amhare AF, Chang J et al. Knowledge, attitude, and prac-
tice of self-medication with antibiotics among community residents in
Addis Ababa, Ethiopia. Expert Rev Anti Infect Ther 2019; 17: 459-66.
https://doi.org/10.1080/14787210.2019.1620105

274 Mate I, Come CE, Gongalves MP et al. Knowledge, attitudes and prac-
tices regarding antibiotic use in Maputo city, Mozambique. PLoS One 2019;
14: e0221452. https://doi.org/10.1371/journal.pone.0221452

275 Cambaco O, Alonso Menendez Y, Kinsman J et al. Community
knowledge and practices regarding antibiotic use in rural Mozambique:
where is the starting point for prevention of antibiotic resistance? BMC
Public Health 2020; 20: 1183. https:/doi.org/10.1186/512889-020-
09243-x

276 Jimah T, Fenny AP, Ogunseitan OA. Antibiotics stewardship in Ghana:
a cross-sectional study of public knowledge, attitudes, and practices
among communities. One Health Outlook 2020; 2: 12. https://doi.org/
10.1186/s42522-020-00021-8

277 Akande-Sholabi W, Oyesiji E. Antimicrobial stewardship: knowledge,
perceptions, and factors associated with antibiotics misuse among consu-
mer’s visiting the community pharmacies in a Nigeria southwestern state.
J Pharm Policy Pract 2023; 16: 120. https://doi.org/10.1186/s40545-023-
00629-x

278 Kiragga AN, Najjemba L, Galiwango R et al. Community purchases of
antimicrobials during the COVID-19 pandemic in Uganda: an increased
risk for antimicrobial resistance. PLoS Glob Public Health 2023; 3:
e0001579. https://doi.org/10.1371/journal.pgph.0001579

279 Eibs T, Koscalova A, Nair M et al. Qualitative study of antibiotic pre-
scription patterns and associated drivers in Sudan, Guinea-Bissau,
Central African Republic and Democratic Republic of Congo. BMJ Open
2020; 10: e036530. https://doi.org/10.1136/bmjopen-2019-036530

280 Ateshim Y, Bereket B, Major F et al. Prevalence of self-medication
with antibiotics and associated factors in the community of Asmara,
Eritrea: a descriptive cross sectional survey. BMC Public Health 2019; 19:
726. https://doi.org/10.1186/s12889-019-7020-x

281 Demissie F, Ereso K, Paulos G. Self-medication practice with antibio-
tics and its associated factors among community of Bule-Hora town,
south west Ethiopia. Drug Healthc Patient Saf 2022; 14: 9-18. https:/
doi.org/10.2147/DHPS.S325150

282 Machongo RB, Mipando ALN. “I don’t hesitate to use the left-over anti-
biotics for my child”: practices and experiences with antibiotic use among
caregivers of paediatric patients at Zomba central hospital in Malawi. BMC
Pediatr 2022; 22: 466. https://doi.org/10.1186/s12887-022-03528-3

283 Ahiabu MA, Magnussen P, Bygbjerg IC et al. Treatment practices of
households and antibiotic dispensing in medicine outlets in developing
countries: the case of Ghana. Res Social Adm Pharm 2018; 14: 1180-8.
https://doi.org/10.1016/j.sapharm.2018.01.013

284 Mboya EA, Sanga LA, Ngocho JS. Irrational use of antibiotics in the
Moshi municipality northern Tanzania: a cross sectional study. Pan Afr
Med J 2018; 31: 165. https:/doi.org/10.11604/pam;j.2018.31.165.15991
285 Kimathi G, Kiarie J, Njarambah L et al. A cross-sectional study of anti-
microbial use among self-medicating COVID-19 cases in Nyeri county,

Kenya. Antimicrob Resist Infect Control 2022; 11: 111. https://doi.org/10.
1186/513756-022-01150-7

286 Nyeko R, Otim F, Obiya EM et al. Pre-hospital exposures to antibiotics
among children presenting with fever in northern Uganda: a facility-
based cross-sectional study. BMC Pediatr 2022; 22: 322. https://doi.org/
10.1186/512887-022-03375-2

287 Afari-Asiedu S, Oppong FB, Tostmann A et al. Determinants of in-
appropriate antibiotics use in rural central Ghana using a mixed methods
approach. Front Public Health 2020; 8: 90. https://doi.org/10.3389/fpubh.
2020.00090

288 Hackman HK, Annison L, Arhin RE et al. Self-medication with antibio-
tics during the COVID-19 pandemic: a cross-sectional study among adults
in Tema, Ghana. PLoS One 2024; 19: e0305602. https://doi.org/10.1371/
journal.pone.0305602

289 Ngu RC, Feteh VF, Kika BT et al. Prevalence and determinants of anti-
biotic self-medication among adult patients with respiratory tract infections
in the Mboppi Baptist Hospital, Douala, Cameroon: a cross-sectional study.
Diseases 2018; 6:49. https://doi.org/10.3390/diseases6020049

290 Badger-Emeka LI, Emeka PM, Okosi M. Evaluation of the extent and
reasons for increased non-prescription antibiotics use in a university
town, Nsukka Nigeria. Int J Health Sci 2018; 12: 11-7.

291 Torres NF, Solomon VP, Middleton LE. Identifying the commonly
used antibiotics for self-medication in urban Mozambique: a qualitative
study. BMJ Open 2020; 10: e041323. https:/doi.org/10.1136/bmjopen-
2020-041323

292 Hammour KA, Jalil MA, Hammour WA. An exploration of parents’
knowledge, attitudes and practices towards the use of antibiotics in child-
hood upper respiratory tract infections in a tertiary Jordanian hospital.
SaudiPharm J2018; 26: 780-5. https://doi.org/10.1016/j.jsps.2018.04.006
293 Abdel-Qader DH, Albassam A, Ismael NS et al. Awareness of anti-
biotic use and resistance in Jordanian community. J Prim Care
Community Health 2020; 11: 2150132720961255. https://doi.org/10.
1177/2150132720961255

294 Abdelmalek S, AlEjielat R, Rayyan WA et al. Changes in public knowl-
edge and perceptions about antibiotic use and resistance in Jordan: a
cross-sectional eight-year comparative study. BMC Public Health 2021;
21: 750. https://doi.org/10.1186/512889-021-10723-x

295 Alshakka M, Hatem NA, Al-Abd N et al. Knowledge, attitude, and
practice toward antibiotic use among the general public in a resource-
poor setting: a case of Aden-Yemen. J Infect Dev Ctries 2023; 17:
345-52. https://doi.org/10.3855/jidc.17319

296 Elhaddadi H, Hamami A, Sara A et al. Prevalence and determinants
of the use of antibiotics by self-medication in the pediatric population in
Oujda, Morocco. Cureus 2024; 16: e60126. https://doi.org/10.7759/
cureus.60126

297 Burtscher D, Van den Bergh R et al. ‘They eat it like sweets”: a mixed
methods study of antibiotic perceptions and their use among patients, pre-
scribers and pharmacists in a district hospital in Kabul, Afghanistan. PLoS
One 2021; 16: e0260096. https://doi.org/10.1371/journal.pone.0260096
298 Khan FU, Mallhi TH, Khan FU et al. Evaluation of consumers’ perspec-
tive on the consumption of antibiotics, antibiotic resistance, and recom-
mendations to improve the rational use of antibiotics: an exploratory
qualitative study from post-conflicted region of Pakistan. Front
Pharmacol 2022;13: 881243. https://doi.org/10.3389/fphar.2022.881243
299 Yusef D, Babaa Al, Bashaireh AZ et al. Knowledge, practices and at-
titude toward antibiotics use and bacterial resistance in Jordan: a cross-
sectional study. Infect Dis Health 2018; 23: 33-40. https://doi.org/10.
1016/j.idh.2017.11.001

300 Al-Taie A, Hussein AN, Albasry Z. A cross-sectional study of patients’
practices, knowledge and attitudes of antibiotics among Iraqi population.
J Infect Dev Ctries 2021; 15: 1845-53. https:/doi.org/10.3855/jidc.13066

23 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.1093/jacamr/dlae034
https://doi.org/10.1136/bmjopen-2020-046432
https://doi.org/10.1136/bmjopen-2020-046432
https://doi.org/10.1371/journal.pgph.0002072
https://doi.org/10.1371/journal.pgph.0002072
https://doi.org/10.1080/14787210.2019.1620105
https://doi.org/10.1371/journal.pone.0221452
https://doi.org/10.1186/s12889-020-09243-x
https://doi.org/10.1186/s12889-020-09243-x
https://doi.org/10.1186/s42522-020-00021-8
https://doi.org/10.1186/s42522-020-00021-8
https://doi.org/10.1186/s40545-023-00629-x
https://doi.org/10.1186/s40545-023-00629-x
https://doi.org/10.1371/journal.pgph.0001579
https://doi.org/10.1136/bmjopen-2019-036530
https://doi.org/10.1186/s12889-019-7020-x
https://doi.org/10.2147/DHPS.S325150
https://doi.org/10.2147/DHPS.S325150
https://doi.org/10.1186/s12887-022-03528-3
https://doi.org/10.1016/j.sapharm.2018.01.013
https://doi.org/10.11604/pamj.2018.31.165.15991
https://doi.org/10.1186/s13756-022-01150-7
https://doi.org/10.1186/s13756-022-01150-7
https://doi.org/10.1186/s12887-022-03375-2
https://doi.org/10.1186/s12887-022-03375-2
https://doi.org/10.3389/fpubh.2020.00090
https://doi.org/10.3389/fpubh.2020.00090
https://doi.org/10.1371/journal.pone.0305602
https://doi.org/10.1371/journal.pone.0305602
https://doi.org/10.3390/diseases6020049
https://doi.org/10.1136/bmjopen-2020-041323
https://doi.org/10.1136/bmjopen-2020-041323
https://doi.org/10.1016/j.jsps.2018.04.006
https://doi.org/10.1177/2150132720961255
https://doi.org/10.1177/2150132720961255
https://doi.org/10.1186/s12889-021-10723-x
https://doi.org/10.3855/jidc.17319
https://doi.org/10.7759/cureus.60126
https://doi.org/10.7759/cureus.60126
https://doi.org/10.1371/journal.pone.0260096
https://doi.org/10.3389/fphar.2022.881243
https://doi.org/10.1016/j.idh.2017.11.001
https://doi.org/10.1016/j.idh.2017.11.001
https://doi.org/10.3855/jidc.13066

Review

301 Atif M, Asghar S, Mushtaq I et al. What drives inappropriate use
of antibiotics? A mixed methods study from Bahawalpur, Pakistan.
Infect Drug Resist 2019; 12: 687-99. https://doi.org/10.2147/IDR.
S189114

302 Gillani AH, Chang J, Aslam F et al. Public knowledge, attitude, and
practice regarding antibiotics use in Punjab, Pakistan: a cross-sectional
study. Expert Rev Anti Infect Ther 2021; 19: 399-411. https://doi.org/10.
1080/14787210.2021.1823216

303 Mabrouk A B, Ammari F L, Werdani A et al. Parental self-medication
with antibiotics in a Tunisian pediatric center. Therapie 2022; 77: 477-85.
https:/doi.org/10.1016/j.therap.2021.10.007

304 Zahreddine L, Hallit S, Shakaroun S et al. Knowledge of pharmacists
and parents towards antibiotic use in pediatrics: a cross-sectional study in
Lebanon. Pharm Pract 2018; 16: 1194. https://doi.org/10.18549/
PharmPract.2018.03.1194

305 El Khoury G, Ramia E, Salameh P. Misconceptions and malpractices
toward antibiotic use in childhood upper respiratory tract infections
among a cohort of Lebanese parents. Eval Health Prof 2018; 41:
493-511. https://doi.org/10.1177/0163278716686809

306 Ali HT, Barakat M, Abdelhalim AR et al. Unravelling the dilemma of
self-medication in Egypt: a cross-sectional survey on knowledge, attitude,
and practice of the general Egyptian population. BMC Public Health 2024,
24: 652. https://doi.org/10.1186/512889-024-17913-3

307 Akhund R, Jamshed F, Jaffry HA et al. Knowledge and attitude of
general Pakistani population towards antibiotic resistance. Cureus 2019;
11: e4266. https://doi.org/10.7759/cureus.4266

308 Muflih SM, Al-Azzam S, Karasneh RA et al. Public knowledge of anti-
biotics, self-medication, and household disposal practices in Jordan.
Expert Rev Anti Infect Ther 2023; 21: 477-87. https://doi.org/10.1080/
14787210.2023.2182770

309 Hussain MA, Mohamed AO, Abdelkarim OA et al. Prevalence and pre-
dictors of antibiotic self-medication in Sudan: a descriptive cross-
sectional study. Antibiotics 2023; 12: 612. https:/doi.org/10.3390/
antibiotics12030612

310 Nazari J, Chezani-Sharahi N, Eshrati B et al. Prevalence and determi-
nants of self-medication consumption of antibiotics in children in Iran: a
population-based cross-sectional study, 2018-19. PLoS One 2022; 17:
e0278843. https://doi.org/10.1371/journal.pone.0278843

311 Nepal A, Hendrie D, Robinson S et al. Knowledge, attitudes and prac-
tices relating to antibiotic use among community members of the
Rupandehi district in Nepal. BMC Public Health 2019; 19: 1558. https:/
doi.org/10.1186/512889-019-7924-5

312 Turankar TB, Gaidhane SA, Gaidhane AM et al. Comparison of health
care professionals’ and laypeople’s knowledge, attitudes, and practices
on the use of antimicrobial and antimicrobial resistance. J Educ Health
Promot 2023; 12: 313. https://doi.org/10.4103/jehp.jehp_39_23

313 Chatterjee S, Hazra A, Chakraverty R et al. A multicentric
knowledge-attitude-practice survey in the community about antimicro-
bial use and resistance in India. Trans R Soc Trop Med Hyg 2021; 115:
785-91. https://doi.org/10.1093/trstmh/traal24

314 Karuniawati H, Hassali MAA, Suryawati S et al. Assessment of knowl-
edge, attitude, and practice of antibiotic use among the population of
Boyolali, Indonesia: a cross-sectional study. Int J Environ Res Public
Health 2021; 18: 8258. https://doi.org/10.3390/ijerph18168258

315 Yunita SL, Yang HW, Chen YC et al. Knowledge and practices related
to antibiotic use among women in Malang, Indonesia. Front Pharmacol
2022; 13: 1019303. https:/doi.org/10.3389/fphar.2022.1019303

316 Azim MR, Ifteakhar KMN, Rahman MM et al. Public knowledge, atti-
tudes, and practices (KAP) regarding antibiotics use and antimicrobial re-
sistance (AMR) in Bangladesh. Heliyon 2023; 9: e21166. https://doi.org/10.
1016/j.heliyon.2023.e21166

317 Miyano S, Htoon TT, Nozaki I et al. Public knowledge, practices, and
awareness of antibiotics and antibiotic resistance in Myanmar: the first
national mobile phone panel survey. PLoS One 2022; 17: e0273380.
https://doi.org/10.1371/journal.pone.0273380

318 Marasini S, Sharma S, Joshi A et al. Exploring knowledge, percep-
tions, and practices of antimicrobials, and their resistance among medi-
cine dispensers and community members in Kavrepalanchok district of
Nepal. PLoS One 2024; 19: e0297282. https://doi.org/10.1371/journal.
pone.0297282

319 Kotwani A, Joshi J, Lamkang AS et al. Knowledge and behavior of
consumers towards the non-prescription purchase of antibiotics: an in-
sight from a qualitative study from New Delhi, India. Pharm Pract 2021;
19: 2206. https://doi.org/10.18549/PharmPract.2021.1.2206

320 Zawahir S, Lekamwasam S, Halvorsen KH et al. Self-medication be-
havior with antibiotics: a national cross-sectional survey in Sri Lanka.
Expert Rev Anti Infect Ther 2021; 19: 1341-52. https://doi.org/10.1080/
14787210.2021.1911647

321 Rijal KR, Banjara MR, Dhungel B et al. Use of antimicrobials and anti-
microbial resistance in Nepal: a nationwide survey. Sci Rep 2021; 11:
11554. https:/doi.org/10.1038/s41598-021-90812-4

322 Islam MW, Shahjahan M, Azad AK et al. Factors contributing to anti-
biotic misuse among parents of school-going children in Dhaka city,
Bangladesh. Sci Rep 2024; 14: 2318. https:/doi.org/10.1038/s41598-
024-52313-y

323 Sinuraya RK, Wulandari C, Amalia R et al. Understanding public
knowledge and behavior regarding antibiotic use in Indonesia. Infect
Drug Resist 2023; 16: 6833-42. https://doi.org/10.2147/IDR.S427337
324 Saha A, Marma KKS, Rashid A et al. Risk factors associated with self-
medication among the indigenous communities of Chittagong hill tracts,
Bangladesh. PLoS One 2022; 17: e0269622. https:/doi.org/10.1371/
journal.pone.0269622

325 Mannan A, Chakma K, Dewan G et al. Prevalence and determinants
of antibiotics self-medication among indigenous people of Bangladesh: a
cross-sectional study. BMJ Open 2024; 14: e071504. https://doi.org/10.
1136/bmjopen-2022-071504

326 Gautham M, Bhattacharyya S, Maity S et al. “Just as curry is needed
to eat rice, antibiotics are needed to cure fever’—a qualitative study of
individual, community and health system-level influences on community
antibiotic practices in rural West Bengal, India. BMJ Open 2024; 14:
e076616. https://doi.org/10.1136/bmjopen-2023-076616

327 WangJ, ShengY, NiJet al. Shanghai parents’ perception and attitude
towards the use of antibiotics on children: a cross-sectional study. Infect
Drug Resist 2019; 12: 3259-67. https://doi.org/10.2147/IDR.S219287

328 Wang Q, Wu Y, Wang D et al. The impacts of knowledge and attitude
on behavior of antibiotic use for the common cold among the public and
identifying the critical behavioral stage: based on an expanding KAP mod-
el. BMC Public Health 2023; 23: 1683. https://doi.org/10.1186/s12889-
023-16595-7

329 Lim JM, Chhoun P, Tuot S et al. Public knowledge, attitudes and prac-
tices surrounding antibiotic use and resistance in Cambodia. JAC
Antimicrob Resist 2021; 3: dlaa115. https://doi.org/10.1093/jacamr/dlaal15
330 Wong LP, Alias H, Husin SA et al. Factors influencing inappropriate
use of antibiotics: findings from a nationwide survey of the general public
in Malaysia. PLoS One 2021; 16: e0258698. https://doi.org/10.1371/
journal.pone.0258698

331 Ulaya G, Nguyen TCT, Vu BNT et al. Awareness of antibiotics and anti-
biotic resistance in a rural district of Ha Nam province, Vietnam: a cross-
sectional survey. Antibiotics 2022; 11:1751. https://doi.org/10.3390/
antibiotics11121751

332 LinR, DuanL, Liu C et al. The public’s antibiotic use behavioural pat-
terns and their determinants for upper respiratory tract infections: a latent

24 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.2147/IDR.S189114
https://doi.org/10.2147/IDR.S189114
https://doi.org/10.1080/14787210.2021.1823216
https://doi.org/10.1080/14787210.2021.1823216
https://doi.org/10.1016/j.therap.2021.10.007
https://doi.org/10.18549/PharmPract.2018.03.1194
https://doi.org/10.18549/PharmPract.2018.03.1194
https://doi.org/10.1177/0163278716686809
https://doi.org/10.1186/s12889-024-17913-3
https://doi.org/10.7759/cureus.4266
https://doi.org/10.1080/14787210.2023.2182770
https://doi.org/10.1080/14787210.2023.2182770
https://doi.org/10.3390/antibiotics12030612
https://doi.org/10.3390/antibiotics12030612
https://doi.org/10.1371/journal.pone.0278843
https://doi.org/10.1186/s12889-019-7924-5
https://doi.org/10.1186/s12889-019-7924-5
https://doi.org/10.4103/jehp.jehp_39_23
https://doi.org/10.1093/trstmh/traa124
https://doi.org/10.3390/ijerph18168258
https://doi.org/10.3389/fphar.2022.1019303
https://doi.org/10.1016/j.heliyon.2023.e21166
https://doi.org/10.1016/j.heliyon.2023.e21166
https://doi.org/10.1371/journal.pone.0273380
https://doi.org/10.1371/journal.pone.0297282
https://doi.org/10.1371/journal.pone.0297282
https://doi.org/10.18549/PharmPract.2021.1.2206
https://doi.org/10.1080/14787210.2021.1911647
https://doi.org/10.1080/14787210.2021.1911647
https://doi.org/10.1038/s41598-021-90812-4
https://doi.org/10.1038/s41598-024-52313-y
https://doi.org/10.1038/s41598-024-52313-y
https://doi.org/10.2147/IDR.S427337
https://doi.org/10.1371/journal.pone.0269622
https://doi.org/10.1371/journal.pone.0269622
https://doi.org/10.1136/bmjopen-2022-071504
https://doi.org/10.1136/bmjopen-2022-071504
https://doi.org/10.1136/bmjopen-2023-076616
https://doi.org/10.2147/IDR.S219287
https://doi.org/10.1186/s12889-023-16595-7
https://doi.org/10.1186/s12889-023-16595-7
https://doi.org/10.1093/jacamr/dlaa115
https://doi.org/10.1371/journal.pone.0258698
https://doi.org/10.1371/journal.pone.0258698
https://doi.org/10.3390/antibiotics11121751
https://doi.org/10.3390/antibiotics11121751

Review

JAR

class analysis based on consumer behaviour model in China. Front Public
Health 2023; 11: 1231370. https://doi.org/10.3389/fpubh.2023.1231370

333 Chang CT, Lee M, Lee JCY et al. Public KAP towards COVID-19 and
antibiotics resistance: a Malaysian survey of knowledge and awareness.
Int J Environ Res Public Health 2021; 18: 3964. https://doi.org/10.3390/
ijerph18083964

334 HaTV,Nguyen AMT, Nguyen HST. Public awareness about antibiotic use
and resistance among residents in highland areas of Vietnam. Biomed Res
Int 2019; 2019: 9398536. https:/doi.org/10.1155/2019/9398536

335 McKinn S, Trinh DH, Drabarek D et al. Drivers of antibiotic use in
Vietnam: implications for designing community interventions. BMJ Glob
Health 2021; 6: e005875. https:/doi.org/10.1136/bmjgh-2021-005875

336 Di KN, Tay ST, Ponnampalavanar SSS et al. Socio-demographic fac-
tors associated with antibiotics and antibiotic resistance knowledge
and practices in Vietnam: a cross-sectional survey. Antibiotics 2022; 11:
471. https://doi.org/10.3390/antibiotics11040471

337 ChengJ, Coope C, ChaiJ et al. Knowledge and behaviors in relation to
antibiotic use among rural residents in Anhui, China. Pharmacoepidemiol
Drug Saf 2018; 27: 652-9. https://doi.org/10.1002/pds.4429

338 Diao M, Shen X, Cheng J et al. How patients’ experiences of respira-
tory tract infections affect healthcare-seeking and antibiotic use: insights
from a cross-sectional survey in rural Anhui, China. BMJ Open 2018; 8:
e019492. https://doi.org/10.1136/bmjopen-2017-019492

339 Choo SJ, Chang CT, Lee JCY et al. A cross-sectional study on public
belief, knowledge and practice towards antibiotic use in the state of
Perak, Malaysia. J Infect Dev Ctries 2018; 12: 960-9. https:/doi.org/10.
3855/jidc.10723

340 Irawatil, Alrasheedy AA, Hassali MA et al. Low-income community
knowledge, attitudes and perceptions regarding antibiotics and anti-
biotic resistance in Jelutong district, Penang, Malaysia: a qualitative
study. BMC Public Health 2019; 19: 1292. https://doi.org/10.1186/
$12889-019-7718-9

341 Aslam A, Zin CS, Ab Rahman NS et al. Self-medication practices with
antibiotics and associated factors among the public of Malaysia: a cross-
sectional study. Drug Healthc Patient Saf 2021;13: 171-81. doi:https://doi.
0rg/10.2147/DHPS.S331427

342 Kong LS, Islahudin F, Muthupalaniappen L et al. Knowledge and ex-
pectations on antibiotic use among the general public in Malaysia: a na-
tionwide cross-sectional survey. Patient Prefer Adherence 2021; 15:
2405-16. https://doi.org/10.2147/PPA.S328890

343 Kounnavong S, Yan W, Sihavong A et al. Antibiotic knowledge, atti-
tudes and reported practice during pregnancy and six months after birth:
a follow- up study in Lao PDR. BMC Pregnancy Childbirth 2022; 22; 701.
https:/doi.org/10.1186/512884-022-05018-x

344 Sychareun V, Phounsavath P, Sihavong A et al. Perceptions and re-
ported practices of pregnant women and mothers of children under
two years of age regarding antibiotic use and resistance in Vientiane prov-
ince, Lao PDR: a qualitative study. BMC Pregnancy Childbirth 2022; 22: 569.
https://doi.org/10.1186/512884-022-04894-7

345 Thi Quynh Nhi L, de Alwis R, Khanh Lam P et al. Quantifying anti-
microbial access and usage for paediatric diarrhoeal disease in an urban
community setting in Asia. J Antimicrob Chemother 2018; 73: 2546-54.
https://doi.org/10.1093/jac/dky231

346 Cai HTN, Tran HT, Nguyen YHT et al. Challenges and lessons learned
in the development of a participatory learning and action intervention to
tackle antibiotic resistance: experiences from northern Vietnam. Front
Public Health 2022; 10: 822873. https://doi.org/10.3389/fpubh.2022.
822873

347 LiP, Hayat K, Shi L et al. Knowledge, attitude, and practices of anti-
biotics and antibiotic resistance among Chinese pharmacy customers: a
multicenter survey study. Antibiotics 2020; 9: 184. https:/doi.org/10.
3390/antibiotics9040184

348 Zhu Y, Tang X, Yan R et al. Non-prescription antibiotic use for cough
among Chinese children under 5 years of age: a community-based cross-
sectional study. BMJ Open 2021; 11: e051372. https://doi.org/10.1136/
bmjopen-2021-051372

349 Duan L, Liu C, Wang D. The general population’s inappropriate beha-
viors and misunderstanding of antibiotic use in China: a systematic review
and meta-analysis. Antibiotics 2021; 10: 497. https://doi.org/10.3390/
antibiotics10050497

350 Lin L, Harbarth S, Hargreaves JR et al. Large-scale survey of parental
antibiotic use for paediatric upper respiratory tract infections in China: im-
plications for stewardship programmes and national policy. Int J
Antimicrob  Agents 2021, 57: 106302. https://doi.org/10.1016/].
ijantimicag.2021.106302

351 Yin X, Mu K, Yang H et al. Prevalence of self-medication with antibio-
tics and its related factors among Chinese residents: a cross-sectional
study. Antimicrob Resist Infect Control 2021; 10: 89. https://doi.org/10.
1186/s13756-021-00954-3

352 Zhou Z, Zhao D, Zhang H et al. Understanding parental self-
medication with antibiotics among parents of different nationalities: a
cross-sectional study. Glob Health Res Policy 2021; 6: 42. https://doi.org/
10.1186/541256-021-00226-y

353 Yuan J,DuW, LiZ et al. Prevalence and risk factors of self-medication
among the pediatric population in China: a national survey. Front Public
Health 2021; 9: 770709. https://doi.org/10.3389/fpubh.2021.770709
354 Nguyen TTP, Do TX, Nguyen HA et al. A national survey of dispensing
practice and customer knowledge on antibiotic use in Vietnam and the
implications.  Antibiotics 2022; 11: 1091. https:/doi.org/10.3390/
antibiotics11081091

355 Otieku E, Fenny AP, Labi AK et al. Knowledge, attitudes and practices
regarding antimicrobial use and resistance among healthcare seekers in
two tertiary hospitals in Ghana: a quasi-experimental study. BMJ Open
2023; 13: e065233. https://doi.org/10.1136/bmjopen-2022-065233

356 Haenssgen MJ, Xayavong T, Charoenboon N et al. The consequences
of AMR education and awareness raising: outputs, outcomes, and behav-
ioural impacts of an antibiotic-related educational activity in Lao PDR.
Antibiotics 2018; 7: 95. https://doi.org/10.3390/antibiotics7040095

357 Anstey Watkins J, Wagner F, Xavier Gomez-Olivé F et al. Rural South
African community perceptions of antibiotic access and use: qualitative
evidence from a health and demographic surveillance system site. Am J
Trop Med Hyg 2019;100: 1378-90. https://doi.org/10.4269/ajtmh.18-0171

358 Davis M, Whittaker A, Lindgren M et al. Understanding media publics
and the antimicrobial resistance crisis. Glob Public Health 2018; 13:
1158-68. https://doi.org/10.1080/17441692.2017.1336248

359 Karvanen M, Cars O. The language of antimicrobial and antibiotic re-
sistance is blocking global collective action. Infect Dis (Lond) 2024; 56:
487-95. https://doi.org/10.1080/23744235.2024.2332455

360 KingR, Hicks J, Rassi C et al. A process for developing a sustainable and
scalable approach to community engagement: community dialogue ap-
proach for addressing the drivers of antibiotic resistance in Bangladesh.
BMC Public Health 2020; 20: 950. https://doi.org/10.1186/s12889-020-
09033-5

361 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: 7515-45. https:/doi.
0rg/10.2147/IDR.S428837

362 Tornimbene B, Eremin S, Abednego R et al. Global antimicrobial re-
sistance and use surveillance system on the African continent: early im-
plementation 2017-2019. Afr J Lab Med 2022; 11: 1594. https://doi.org/
10.4102/ajlm.v11i1.1594

363 Batura N, Cuevas C, Khan M et al. How effective and cost-effective
are behaviour change interventions in improving the prescription and
use of antibiotics in low-income and middle-income countries? A protocol

25 of 26

G20z Iudy || uo 3senb Ag 9£0£608/EE0SBIP/Z/L/oI0IME/IWEIE] WO dNO"OIWapEDe//:SdlY WOI) PAPEOjUMOQ


https://doi.org/10.3389/fpubh.2023.1231370
https://doi.org/10.3390/ijerph18083964
https://doi.org/10.3390/ijerph18083964
https://doi.org/10.1155/2019/9398536
https://doi.org/10.1136/bmjgh-2021-005875
https://doi.org/10.3390/antibiotics11040471
https://doi.org/10.1002/pds.4429
https://doi.org/10.1136/bmjopen-2017-019492
https://doi.org/10.3855/jidc.10723
https://doi.org/10.3855/jidc.10723
https://doi.org/10.1186/s12889-019-7718-9
https://doi.org/10.1186/s12889-019-7718-9
https://doi.org/10.2147/DHPS.S331427
https://doi.org/10.2147/DHPS.S331427
https://doi.org/10.2147/PPA.S328890
https://doi.org/10.1186/s12884-022-05018-x
https://doi.org/10.1186/s12884-022-04894-7
https://doi.org/10.1093/jac/dky231
https://doi.org/10.3389/fpubh.2022.822873
https://doi.org/10.3389/fpubh.2022.822873
https://doi.org/10.3390/antibiotics9040184
https://doi.org/10.3390/antibiotics9040184
https://doi.org/10.1136/bmjopen-2021-051372
https://doi.org/10.1136/bmjopen-2021-051372
https://doi.org/10.3390/antibiotics10050497
https://doi.org/10.3390/antibiotics10050497
https://doi.org/10.1016/j.ijantimicag.2021.106302
https://doi.org/10.1016/j.ijantimicag.2021.106302
https://doi.org/10.1186/s13756-021-00954-3
https://doi.org/10.1186/s13756-021-00954-3
https://doi.org/10.1186/s41256-021-00226-y
https://doi.org/10.1186/s41256-021-00226-y
https://doi.org/10.3389/fpubh.2021.770709
https://doi.org/10.3390/antibiotics11081091
https://doi.org/10.3390/antibiotics11081091
https://doi.org/10.1136/bmjopen-2022-065233
https://doi.org/10.3390/antibiotics7040095
https://doi.org/10.4269/ajtmh.18-0171
https://doi.org/10.1080/17441692.2017.1336248
https://doi.org/10.1080/23744235.2024.2332455
https://doi.org/10.1186/s12889-020-09033-5
https://doi.org/10.1186/s12889-020-09033-5
https://doi.org/10.2147/IDR.S428837
https://doi.org/10.2147/IDR.S428837
https://doi.org/10.4102/ajlm.v11i1.1594
https://doi.org/10.4102/ajlm.v11i1.1594

Review

for a systematic review. BMJ Open 2018; 8: e021517. https://doi.org/10.
1136/bmjopen-2018-021517

364 Amin D, Garzon-Orjuela N, Garcia Pereira A et al. Artificial intelligence
to improve antibiotic prescribing: a systematic review. Antibiotics 2023;
12: 1293. https://doi.org/10.3390/antibiotics12081293

365 Pinto-de-Sé R, Sousa-Pinto B, Costa-de-Oliveira S. Brave new world
of artificial intelligence: its use in antimicrobial stewardship—a systematic
review. Antibiotics 2024; 13: 307. https://doi.org/10.3390/antibiotics130
40307

366 Yang J, Eyre DW, Lu L et al. Interpretable machine learning-based
decision support for prediction of antibiotic resistance for complicated
urinary tract infections. NPJ Antimicrob Resist 2023; 1: 14. https:/doi.
0rg/10.1038/s44259-023-00015-2

367 Plechatd A, Makransky G, Bohm R. A randomized controlled trial inves-
tigating experiential virtual reality communication on prudent antibiotic use.
NPJ Digit Med 2024; 7: 244. https://doi.org/10.1038/s41746-024-01240-3
368 Rousham EK, Nahar P, Uddin MR et al. Gender and urban-rural influ-
ences on antibiotic purchasing and prescription use in retail drug shops: a
one health study. BMC Public Health 2023; 23: 229. https://doi.org/10.
1186/s12889-023-15155-3

369 Schellack N, Strydom M, Pepper MS et al. Social media and
COVID-19—perceptions and public deceptions of ivermectin, colchicine
and hydroxychloroquine: lessons for future pandemics. Antibiotics 2022;
11: 445. https://doi.org/10.3390/antibiotics11040445

370 Erku DA, Belachew SA, Abrha S et al. When fear and misinformation
go viral: pharmacists’ role in deterring medication misinformation during
the ‘infodemic’ surrounding COVID-19. Res Social Adm Pharm 2021; 17:
1954-63. https://doi.org/10.1016/j.sapharm.2020.04.032

371 Ghibu S, Juncan AM, Rus LL et al. The particularities of pharmaceut-
ical care inimproving public health service during the COVID-19 pandem-
ic. Int J Environ Res Public Health 2021; 18: 9776. https://doi.org/10.3390/
ijerph18189776

372 Pantasri T. Expanded roles of community pharmacists in COVID-19:
a scoping literature review. J Am Pharm Assoc 2022; 62: 649-57. https:/
doi.org/10.1016/j.japh.2021.12.013

373 Saleem Z, Sono TM, Godman B. Concerns with current drug
laws regarding the purchasing antibiotics without a prescription in

Pakistan; ways forward to assist the national action plan. Expert Rev Anti
Infect Ther 2023; 21: 1163-5. https://doi.org/10.1080/14787210.2023.
2260096

374 Kalungia A, Godman B. Implications of non-prescription antibiotic
sales in China. Lancet Infect Dis 2019; 19: 1272-3. https://doi.org/10.
1016/S1473-3099(19)30408-6

375 Lorencatto F, Charani E, Sevdalis N et al. Driving sustainable change
in antimicrobial prescribing practice: how can social and behavioural
sciences help? J Antimicrob Chemother 2018; 73: 2613-24. https:/doi.
0rg/10.1093/jac/dky222

376 Ogunleye 0O, Basu D, Mueller D et al. Response to the novel corona
virus (COVID-19) pandemic across Africa: successes, challenges, and im-
plications for the future. Front Pharmacol 2020; 11: 1205. https://doi.org/
10.3389/fphar.2020.01205

377 Calac AJ, Haupt MR, Li Z et al. Spread of COVID-19 vaccine
misinformation in the ninth inning: retrospective observational infodemic
study. JMIR Infodemiology 2022; 2: e33587. https://doi.org/10.2196/
33587

378 Tsao SF, Chen H, Tisseverasinghe T et al. What social media told us in
the time of COVID-19: a scoping review. Lancet Digit Health 2021; 3:
e175-94. https://doi.org/10.1016/52589-7500(20)30315-0

379 Kesten JM, Bhattacharya A, Ashiru-Oredope D et al. The antibiotic
guardian campaign: a qualitative evaluation of an online pledge-based
system focused on making better use of antibiotics. BMC Public Health
2017; 18: 5. https://doi.org/10.1186/s12889-017-4552-9

380 DHIS2. Homepage. https://dhis2.org/

381 Joseph AM, Fernandez V, Kritzman S et al. COVID-19 nisinformation
on social media: a scoping review. Cureus 2022; 14: e24601. https:/doi.
org/10.7759/cureus.24601

382 Hernandez RG, Hagen L, Walker K et al. The COVID-19 vaccine social
media infodemic: healthcare providers’ missed dose in addressing misin-
formation and vaccine hesitancy. Hum Vaccin Immunother 2021; 17:
2962-4. https://doi.org/10.1080/21645515.2021.1912551

383 Stewart R, Madonsela A, Tshabalala N et al. The importance of social
media users’ responses in tackling digital COVID-19 misinformation in
Africa. Digit Health 2022; 8: 20552076221085070. https:/doi.org/10.1177/
20552076221085070

26 of 26

G20z 1udy || uo 1s8nb Aq 9E0E608/EE0NEIP/Z/L/RI01E/IWEDEl/WO0" dNO"oIWapEoE//:SARY WOJ) Pepeojumoq


https://doi.org/10.1136/bmjopen-2018-021517
https://doi.org/10.1136/bmjopen-2018-021517
https://doi.org/10.3390/antibiotics12081293
https://doi.org/10.3390/antibiotics13040307
https://doi.org/10.3390/antibiotics13040307
https://doi.org/10.1038/s44259-023-00015-2
https://doi.org/10.1038/s44259-023-00015-2
https://doi.org/10.1038/s41746-024-01240-3
https://doi.org/10.1186/s12889-023-15155-3
https://doi.org/10.1186/s12889-023-15155-3
https://doi.org/10.3390/antibiotics11040445
https://doi.org/10.1016/j.sapharm.2020.04.032
https://doi.org/10.3390/ijerph18189776
https://doi.org/10.3390/ijerph18189776
https://doi.org/10.1016/j.japh.2021.12.013
https://doi.org/10.1016/j.japh.2021.12.013
https://doi.org/10.1080/14787210.2023.2260096
https://doi.org/10.1080/14787210.2023.2260096
https://doi.org/10.1016/S1473-3099(19)30408-6
https://doi.org/10.1016/S1473-3099(19)30408-6
https://doi.org/10.1093/jac/dky222
https://doi.org/10.1093/jac/dky222
https://doi.org/10.3389/fphar.2020.01205
https://doi.org/10.3389/fphar.2020.01205
https://doi.org/10.2196/33587
https://doi.org/10.2196/33587
https://doi.org/10.1016/S2589-7500(20)30315-0
https://doi.org/10.1186/s12889-017-4552-9
https://dhis2.org/
https://doi.org/10.7759/cureus.24601
https://doi.org/10.7759/cureus.24601
https://doi.org/10.1080/21645515.2021.1912551
https://doi.org/10.1177/20552076221085070
https://doi.org/10.1177/20552076221085070

	Introduction
	Methodology
	Study design
	Inclusion and exclusion criteria
	Data analysis and narrative synthesis of findings
	Ethical considerations

	Results
	General
	Summary of key findings among each stakeholder group across the four WHO Regions
	Prescribers
	Dispensers
	Students
	Patients/public


	Discussion
	Conclusions
	Funding
	Transparency declarations
	Supplementary data
	References



