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ABSTRACT
Introduction: Antimicrobial resistance (AMR) poses a significant threat, particularly in low- and middle- 
income countries (LMICs), exacerbated by inappropriate antibiotic use, access to quality antibiotics and 
weak antimicrobial stewardship (AMS). There is a need to review current evidence on antibiotic use, 
access, and AMR, in primary care across key countries.
Areas covered: This narrative review analyzes publications from 2018 to 2024 regarding access, 
availability, and use of appropriate antibiotics.
Expert opinion: There were very few studies focussing on a lack of access to antibiotics in primary care. 
However, there was considerable evidence of high rates of inappropriate antibiotic use, including 
Watch antibiotics, typically for minor infections, across studied countries exacerbated by patient 
demand. The high costs of antibiotics in a number of LMICs impact on their use, resulting in short 
courses and sharing of antibiotics. This can contribute to AMR alongside the use of substandard and 
falsified antibiotics. Overall, limited implementation of national action plans, insufficient resources, and 
knowledge gaps affects sustainable development goals to provide routine access to safe, effective, and 
appropriate antibiotics.
Conclusions: There is a clear need to focus health policy on the optimal use of essential AWaRe 
antibiotics in primary care settings to reduce AMR in LMICs.
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1. Introduction

Rising antimicrobial resistance (AMR) globally, especially 
among low- and middle-income countries (LMICs), continues 
to be a concern, increasing morbidity, mortality, and costs [1– 
5]. Whilst AMR is seen across all countries, AMR rates are 
disproportionately higher among LMICs [6–10]. Currently, 
LMICs account for an estimated 80% of approximately 10 
million deaths annually attributable to AMR [11,12]. This situa
tion is likely to worsen with the increasing use of antibiotics 
from the World Health Organization’s (WHO) Watch list among 
LMICs, with resultant implications for increasing rates of multi
drug resistant bacteria [13–15].

Key areas of concern among LMICs include continued high 
levels of inappropriate prescribing of antibiotics, as well as 
their dispensing without a prescription, including among 
informal sellers, often for minor or self-limiting infections 
such as upper respiratory tract infections (URTIs) [9,10,13,16– 
22]. This is particularly important in primary care, including 
hospital outpatients, as this sector accounts for approximately 
90% of the total antibiotic use in humans in LMICs [23], some 
of which will be substandard and falsified [24–28]. There are 
also continuing challenges with supply chains and shortages 
of medicines across LMICs, including essential antibiotics, 
which can impact on their routine availability and subse
quently AMR [29–33]. Shortages are defined by the WHO as 
‘The supply of [approved and marketed] medicines, health 
products and vaccines identified as essential by the health 
system is considered to be insufficient to meet public health 
and patient needs’ [33,34]. They can be broken down into 
short-term shortages, defined as the inability of a market 
authorization holder (MAH) to adequately supply a requested 
medicine, e.g. antibiotics, for a period of 3 months or less, or 
longer-term shortages, i.e. lasting longer than 3 months [35]. 
Challenges with forecasting, especially among public primary 
healthcare (PHC) facilities, can aggravate the situation among 
LMICs [35,36]. However, there are ongoing efforts to try and 

address challenges with shortages, which include improving 
stock control and forecasting systems in LMICs as well as 
possibly stockpiling antibiotics, building buffer stocks, and 
introducing novel payment systems [33,37–39]. Alongside 
this, enhancing manufacturing capabilities among LMICs as 
well as potentially increasing import fees [39–41]. 
Standardizing the dosing of antibiotics among LMICs, which 
can now be based on AWaRe guidance, as well as prioritizing 
the registration of essential antibiotics, would also enable local 
manufacturers to streamline their production processes and 
save costs [42–45].

Substandard medicines, including antibiotics, are also a 
concern across LMICs. Substandard medicines are defined as 
those that fail to meet agreed quality standards or specifica
tions, or both, with falsified medicines also including those 
that fraudulently misrepresent their identity [46]. Both types of 
antimicrobials are associated with considerable morbidity, 
mortality, and economic consequences in LMICs in addition 
to adding to AMR [24,47–51]. Levels of substandard and falsi
fied antibiotics have previously been estimated at 17.4% of 
the global supply of antibiotics, greatest in LMICs including 
among African countries [24,26–28,49,52–55]. Such rates may 
grow with substandard and falsified medicines becoming 
increasingly available online, enhanced by currently an unre
gulated e-pharmacy market across LMICs [52,56,57].

In their recent analysis, Asrade Mekonnen et al. (2024) 
estimated that the prevalence of substandard and falsified 
medicines in Africa was lower at 22.6%, with the average 
prevalence of unregistered medicines at 34.6%, with antibio
tics (44.6%) accounting for most of these [52]. This was similar 
to rates of 28.5% of antimalarial medicines failing to comply 
with current standards in the 2011 WHO report among six 
African countries [58]. Tegegne et al. (2024) also documented 
similar rates [59]. However, this is not always the case among 
African countries [60–62].

Addressing substandard and falsified medicines, alongside 
improved access to quality medicines including antibiotics, is 
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important not only to help address rising AMR rates in LMICs but 
also as part of ongoing moves to attain universal healthcare and 
improve patient care [49,53,63]. Ongoing initiatives to reduce the 
prevalence of substandard and falsified medicines across LMICs 
include those by the WHO such as the ‘Lomé Initiative’ as well as 
countries pushing for an African Medicines Agency [59,64–68]. 
The later builds on the ongoing efforts by the East African com
munity to harmonize the regulation and registration of medi
cines [69]. We are also seeing LMICs such as China make 
considerable progress in recent years to improve the quality of 
locally produced multiple-sourced medicines, including antibio
tics, with appreciable penalties when counterfeit and substan
dard medicines are found [70–72].

Pharmacists’ vigilance can also help with issues of falsified 
medicines [73]. Alongside this, improved patient access to 
quality antibiotics, especially among African countries, can 
reduce the market for falsified medicines [74]. However, 
there are currently concerns with the necessary financial and 
human resources, as well as infrastructures and stakeholder 
coordination, needed to fully address detection and preven
tion of substandard and falsified medicines among LMICs, 
alongside an urgent requirement to reduce the attractiveness 
of the market [65,74–76].

There are also continuing issues whether community phar
macists in LMICs have sufficient knowledge and skills to 

identify substandard and falsified medicines, as well as con
cerns that in times of shortages, community pharmacists may 
be tempted for financial reasons to dispense falsified medi
cines [77,78].

Overall, appropriate access to essential antibiotics is a 
clear challenge among a number of LMICs, potentially adding 
to mortality and costs [35,79,80]. The lack of access to key 
essential antibiotics also challenges the 2024 United Nation 
General Assembly (UN GA) target that 70% of all human use 
should be of Access antibiotics [36,81]. Access antibiotics as 
defined in the World Health Organization’s (WHO) AWaRe 
(Access, Watch, and Reserve) classification [15,82]. Access to, 
and use of, appropriate antibiotics can be exacerbated by 
issues of affordability among patients in African and Asian 
countries, especially where there are high patient co-pay
ment levels. Issues of affordability are demonstrated by the 
dispensing of only a few tablets of antibiotics where available 
funds are an issue, as well as using leftover antibiotics, 
including stored antibiotics and those from family members 
and friends, before visiting prescribers or dispensers with 
their associated costs [83–85]. These combined issues chal
lenge LMICs to achieve Sustainable Development Goal (SDG) 
3, particularly SDG 3.8, i.e. on arrival at the point of care, 
patients should have access to safe and effective antibiotics 
meeting agreed quality standards in an affordable formula
tion [33,35,86–89]. In addition, that any subsequent prescrib
ing or dispensing of antibiotics is appropriate for the 
presenting infectious disease. This approach is a key compo
nent of countries achieving Universal Health Coverage as 
part of the UNGA AMR goals, including improving ‘access to 
Access’ antibiotics [36,81].

Critical issues to address among prescribers, alongside 
issues of access to essential antibiotics of an agreed standard, 
include excessive prescribing of antibiotics for self-limiting 
conditions such as coughs, colds, undifferentiated febrile 
fever, and other upper respiratory tract infections (URTIs) 
[18,21,90–92]. Inappropriate antibiotic prescribing practices 
among LMICs may well be influenced by pressure from 
patients, with their expectations for antibiotics to be pre
scribed for viral infections including URTIs as well as for 
acute diarrhea [90,93–95], enhanced by concerns with prescri
bers’ limited knowledge of antibiotics and AMR [18,21,96– 
101]. Inappropriate antibiotic prescribing, including the over- 
use of broad-spectrum antibiotics, may also be exacerbated by 
only a limited number of microbiology laboratories being 
available among LMICs to fully understand local AMR patterns 
alongside a lack of routine monitoring of antibiotic use in 
practice [12,102–108].

There is also currently considerable inappropriate self-pur
chasing of antibiotics without a prescription among African 
and Asian countries adding to AMR [16,17,19]. Key factors behind 
self-purchasing include concerns with limited knowledge of anti
biotics among dispensers and patients, lack of communication 
skills among dispensers, long waiting times to see healthcare 
professionals (HCPs) in primary care clinics, high patient co-pay
ments, as well as often shortages of antibiotics in public clinics as 
a result of forecasting, lead time and resource issues 
[16,19,109,110]. Coupled with this, the convenience and 

Article highlights

● There are rising rates of antimicrobial resistance (AMR) across low- 
and middle-income countries (LMICs) exacerbated by high rates of 
inappropriate prescribing and dispensing of antibiotics alongside the 
availability of substandard and falsified antibiotics. Issues of afford
ability also impact on achieving SDG 3.8, i.e. on arrival at the point of 
care, patients should have access to safe and effective antibiotics 
meeting agreed quality standards in an affordable formulation.

● There are ongoing steps, especially in LMICs such as China, as well as 
across Africa, to limit the availability of substandard and falsified 
medicines; however, more actions are needed by the authorities 
across countries, including potential fines and joint activities among 
Regulatory authorities, to limit their availability. Appreciable improve
ments in supply chain management, including improved forecasting 
and electronic systems among dispensers, are urgently need to track 
current antibiotic usage patterns to limit possible shortages of essen
tial antibiotics in primary care and improve their use.

● There were clear concerns across LMICs regarding the overuse of 
antibiotics, including those from the Watch list, for minor infections 
such as respiratory tract infections and mild diarrhoea. Antibiotic 
overuse is not helped by variable knowledge of all key stakeholders 
regarding antibiotics, AMR and antimicrobial stewardship (AMS), 
coupled with pressure from patients on both prescribers and dis
pensers expecting antibiotics for self-limiting indications.

● Often practice regarding the effectiveness and use of antibiotics 
differed appreciably from stated knowledge. Targeted comprehensive 
educational campaigns, especially based on the recommendations in 
the WHO AWaRe book, among all key stakeholder groups are needed 
to address the situation, helping towards attaining United Nations 
General Assembly goals of 70% use of Access antibiotics across 
sectors to reduce AMR. As a result, University curricula need to be 
updated for all student healthcare professionals going forward 
regarding the WHO AWaRe guidance and ASPs, as well as post- 
qualification through professional development activities.

● Practical suggestions going forward for improving education of all 
providers and receivers of antibiotics were noted and will be 
expanded upon in future studies.
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availability of community pharmacists and drug sellers, especially 
in rural areas in LMICs [16,17,19,111–114]. Having said this, com
munity pharmacists can play a key public health role with 
improving antibiotic use in the community, building on their 
role during the recent COVID-19 pandemic, exemplified by 
some countries now allowing pharmacists to dispense certain 
antibiotics without a prescription [19,115–121]. Such activities 
are endorsed by pharmacists’ growing involvement in 
Antimicrobial Stewardship Programmes (ASPs) in LMICs to 
improve future antibiotic use [19,120–123].

Encouragingly, the number of ASPs across all sectors in 
LMICs has been growing in recent years to improve future 
antibiotic use despite earlier concerns with available resources 
and personnel [6,97,105,124–134]. ASPs are also essential to 
help mitigate against shortages [135]. Challenges with ASPs 
still include issues with the dosing of antibiotics in practice as 
well as collecting antibiotic utilization data in real time in both 
primary care clinics and drug outlets [136,137]. Current Drug 
Laws may also need addressing in some LMICs if this does not 
include pertinent Access antibiotics to help with ASPs and 
achieve UNGA goals for AMR [81,138].

As a result of concerns with rising AMR rates and the 
consequences particularly across LMICs, there have been a 
number of regional and global initiatives in recent years to 
try and address this [5,139–141]. Global initiatives to reduce 
AMR include the WHO’s Global Action Plan (GAP), as well as 
increased global surveillance of AMR, alongside comments, 
suggestions, and examples from the OECD and the World 
Bank [106,139,140,142–144]. As part of the WHO’s initiatives 
with the EML, antibiotics were classified into their AWaRe 
groups, emphasizing reduced use of Watch and Reserve anti
biotics where clinically appropriate due to their greater poten
tial for selection of AMR [13,15,145]. In 2022, the WHO AWaRe 
antibiotic book was launched, providing guidance on the 
optimal use of antibiotics among 35 infections seen across 
care settings [44,45]. However, there are currently major chal
lenges across LMICs with implementing NAPs due to issues 
and challenges with available personnel and resources 
[146–154].

Similarly, current challenges exist with national and local 
implementation of the guidance included in the WHO AWaRe 
book given the rising use of Watch antibiotics across LMICs 
[13,155–157]. This also needs urgent addressing to attain the 
70% target for the use of Access antibiotics across care set
tings recently agreed in the UNGA for AMR in order to achieve 
their ambitious goals for reducing AMR [81]. There are though 
issues with routine access, availability, and affordability to 
essential antibiotics, especially those from the Access list 
across a number of LMICs, exacerbated in some situations by 
greater availability and profit from dispensing Watch antibio
tics as well pressures on prescribers and dispensers to pro
mote them [29–32,92,112,158–163].

Consequently, in view of rising AMR rates across LMICs, 
coupled with concerns with the development and equitable 
availability of antibiotics, especially among LMICs [164], there 
is a need to ascertain the current situation with respect to 
antibiotic patterns of use, and their drivers, as well as key 
issues surrounding access, availability and affordability of 

antibiotics, including substandard and falsified antibiotics, 
across LMICs. This includes the role of patients and parents 
exacerbating inappropriate prescribing and dispensing of anti
biotics, as well as ASPs that have addressed the situation, to 
provide future direction [19,94,165–168]. Alongside this, the 
current situation regarding shortages of antibiotics in primary 
care among LMICs. This is because creating an antimicrobial 
market that ensures adequate access and affordability to 
essential antibiotics in primary care, alongside active steward
ship, is key to fighting AMR [38]. This importance is reflected in 
the suggested activities of SECURE to improve the access, 
availability, and use of antibiotics in LMICs to reduce AMR 
[169]. Baraldi et al. (2024) recently described the economic 
and clinical consequences of four different types of antibiotic 
shortages and availability, i.e. short-term shortages, long-term 
shortages, de-registration of essential antibiotics, as well as 
lack of registration of essential antibiotics [35], and we wanted 
to build on this. In view of this, the aim of this review was to 
build on recent papers and publications in these areas 
[30,32,35,49,160,170,171], with the combined findings inform
ing future practical activities for LMICs to help achieve SDG 3.8 
for antibiotics.

2. Body of the paper

2.1. Materials and methods

2.1.1. Study design
A narrative review approach was undertaken for this study with 
the anticipation that this would provide a broader scope than a 
systematic review. Information contained within identified 
papers may be part of a wider paper, whose insight and findings 
may have been missed when undertaking a formal systematic 
review. This could include, for instance, knowledge regarding the 
extent of dispensing of antibiotics without a prescription con
tained within studies assessing community pharmacists’ atti
tudes toward antibiotics, AMR and ASPs; alternatively, data on 
the availability of antibiotics in PHCs contained within a study 
principally assessing prescribing practices [92,114,172,173].

LMICs were chosen for this narrative review as AMR rates 
are disproportionately higher among these countries as 
opposed to high-income countries [6–10], with, as mentioned, 
LMICs currently accounting for an estimated 80% of approxi
mately 10 million deaths annually attributable to AMR [11,12]. 
Within LMICS, critical African and Asian countries were chosen 
for this review as they currently face the greatest challenges 
with respect to rising AMR rates [2,6,9]. Challenges regarding 
AMR are exacerbated by concerns with access to UHC across 
LMICs, and include a lack of routinely available and affordable 
essential antibiotics, substantial use of Watch and Reserve as 
opposed to Access antibiotics, and appreciable availability of 
substandard and falsified antibiotics compared with high- 
income countries [2,7,13,31,52,86,174].

2.1.2. Data gathering and analysis
The narrative review builds on previously published systematic 
reviews assessing attitude and practices regarding antibiotics, 
ASPs and those surrounding access, availability, and shortages, 
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as well as the extent of substandard and falsified antibiotics, 
with a focus on primary care across Africa and Asia 
[32,52,112,171,175–179]. However, this narrative review 
includes more up-to-date findings as well as combining key 
issues surrounding antibiotic use, ASPs, availability, shortages, 
and falsified antibiotics, into one comprehensive review to 
provide future direction. We have adopted similar approaches 
in the past when suggesting activities to improve the care of 
patients in Africa and Asia with infectious diseases to minimize 
AMR [9,19,97,98,130,146,180,181].

Documented future suggestions will be based on the find
ings of the reviewed papers combined with the considerable 
experience of coauthors across LMICs that deal with these 
issues. This paper is part of a series of other narrative reviews 
undertaken by the coauthors across LMICs, especially African 
countries, regarding the management of infectious diseases 
[9,19,97,98,130,180–182].

Databases were searched for potential papers published 
between January 2018 and December 2024, including Google 
Scholar and PubMed/MEDLINE. Only papers cited in PubMed 
were included in the sourced papers as a measure of their 
quality, with no other analysis of their quality using scales such 
as the Newcastle Ottawa scale which the coauthors have used 
before [183–185]. This was because the principal aim of this 
paper is to comprehensively collate relevant information on 
these key areas associated with rising AMR rates across critical 
African and Asian countries to provide a basis for the suggested 
future activities. 2018 was chosen as the starting year for sourced 
papers for this narrative review as NAPs within countries were 
typically only launched from 2017 onwards following the WHO 
GAP in 2015, and recognizing that there were considerable initial 
and subsequent challenges with their implementation 
[139,146,151]. Choosing 2018 as a start year would also lead to 
the inclusion of studies during the COVID-19 years as patients 
across LMICs were often inappropriately treated with antibiotics 
despite COVID-19 being a viral infection [186–191].

High utilization of antibiotics to treat patients with COVID- 
19, despite limited evidence of bacterial co-infections or 

secondary infections, resulted in increasing concerns with ris
ing AMR rates [157,186,192–196]. There were also concerns 
with potential shortages of antimicrobials during the first 
pandemic following misinformation and lockdown activities.

Primary care was selected as the focus for this narrative paper 
as opposed to hospital care since, as mentioned, primary care 
currently accounts for up to 90% of total antibiotic use in humans 
in LMICs [23]. Consequently, key stakeholder groups, including 
health authorities, across LMICs need to focus on improving 
antibiotic utilization in primary care to appreciably reduce AMR 
in the future, with the previous emphasis typically on hospital 
care across LMICs [130,182,197,198].

The Search terms included ambulatory care; primary care; 
antibiotics; antibiotic prescribing; access and availability of anti
biotics; falsified and substandard medicines; primary health facil
ities; primary healthcare centers; community pharmacists; drug 
sellers; patients; antimicrobial stewardship; and antimicrobial 
stewardship programs among African and Asian countries. The 
references in accessed papers were also searched for potential 
additional references to include in the narrative review. The 
critical African countries included Cameroon, DRG Congo, 
Eritrea, Ethiopia, Ghana, Kenya, Nigeria, Malawi, South Africa, 
Tanzania, Uganda, Zambia, and Zimbabwe, with critical Asian 
countries including Bangladesh, China, India, Iraq, Nepal, 
Pakistan, Thailand, and Vietnam [2,3,6,13].

Sourced papers were subsequently divided into two 
Regions. Following this, into individual countries within the 
regions based on their World Bank economic status, e.g. low, 
low-middle and upper-middle-income countries [133,199]. 
This is because there could be differences in access, availabil
ity, extent of substandard and falsified medicines, as well as 
utilization patterns between income levels due to a number of 
issues, which include the extent of self-purchasing of antibio
tics and affordability of care [19,52].

Key sourced information was further subdivided in each 
country into (i) prescribers including physicians and nurses; 
(ii) dispensers including pharmacists and drug sellers; (iii) 
Patients/public; (iv) access/availability/shortages and (v) 

Literature 
search of 
principal 

topics using 
key words and 

references 
from 

published 
papers 

globally and 
across Africa 

and Asia

Screen sourced 
papers by key 
topic based on 
the inclusion 
criteria and 

divide by 
Region/ 
Country 

Income Group 
and Key 

Stakeholder 
Group

Collate 
identified 
papers by 
Region/ 
Country 

Income Group 
and Key 

Stakeholder 
Group as well 
as by Authors 

and year of 
publication

Summarize 
findings into 

Key 
Participants, 
Objectives, 

and Methodology, 
as well as

summarize key
findings of 

interest within 
each paper  

Summarize key 
findings by key 
topic area and 

stakeholder 
group. 

Subsequently 
develop future 

action plans 
based on 

summarized 
findings and 

input from co-
authors

Figure 1. Summary of key activities.
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falsified and substandard antibiotics (Figure 1). No attempt 
was made to document the total number of individual papers 
initially sourced as this was not a systematic review. In addi
tion, using a deliberately inclusive approach, multiple authors 
and experts from different LMIC countries were involved with 
identifying possible papers from their country.

2.1.3. Inclusion and exclusion criteria
Only papers dealing with primary care, including hospital out
patients, and published from January 2018 to December 2024, 
were eligible for inclusion in this review. In addition, only 
papers in the English language were included in the Tables, 
which is similar to other reviews with English seen as the 
recognized international scientific language and increasingly 
used in peer-reviewed publications [200–202].

Exclusion criteria included studies which discussed antibio
tic use and ASPs among hospital in-patients, papers among 
LMICs outside of the critical African and Asian countries, stu
dies published before 2018, those dealing with animals/veter
inary scientists and any papers not cited in PubMed (for 
inclusion in the Tables).

2.1.4. Synthesis of the findings
The data analysis and synthesis process followed a systematic 
approach. This included identifying, extracting, and organizing 
the relevant information from the included studies, which 
included incorporating information about the characteristics of 
each study and findings of interest. The results were subsequently 
summarized in a series of tables. The tables contained a summary 
of the objectives, methodology, number of participants (where 
pertinent), and key findings for each targeted group/information, 
i.e. Prescribers, Dispensers, Patients/Public, Access/Availability/ 
Shortages and Substandard/Falsified information by Region 
(Africa or Asia) and country, including its economic status 
(Figure 1).

Where pertinent, details of the questionnaire design were 
also included in the tables, to add robustness to the findings, 
along with publication dates and author(s). The cited papers 
were listed in year sequence to assess whether there had been 
any changes in key issues such as appropriate utilization of 
antibiotics over time as well as access. Among African coun
tries, this also included any changes since the WHO Lomé 
agreement to prioritize activities toward substandard and fal
sified medicines in 2020 [66].

The key findings were subsequently synthesized to provide 
a basis for subsequent recommendations. This includes any 
differences between perceived knowledge of antibiotics, AMR 
and AMS, among the key stakeholder groups versus actual 
practices alongside key issues regarding access and shortages 
of antibiotics as well as substandard/falsified antibiotics.

No attempt was made to combine the findings and produce 
summary statistics, apart from documenting the overall number of 
sourced papers. This was because of the anticipated heterogeneity 
of the sourced papers in terms of their methodology, objectives, 
and populations studied. However, key reported quantitative 
descriptive statistics, or measures of effect, have been summarized 
to help provide guidance. The consolidated themes were subse
quently used to provide guidance to all key stakeholder groups 

regarding potential key activities to instigate to improve access, 
availability, affordability, and use of antibiotics in the future, as well 
as reduce the extent of falsified and substandard antibiotics where 
these still occur. As a result, help to reduce AMR. This also includes 
concerns with any current Drug Lists and their relevance now that 
the WHO AWaRe book has been published, as well as any regula
tory issues [44,138,163].

2.1.5. Ethical consideration
Ethical approval was not needed for this review as this study 
did not involve direct contact with humans as noted in similar 
studies [9,16,97,98,146,180,181].

2.2. Results

The inclusive review process identified 426 sourced papers 
from across key African and Asian countries, with their content 
divided into various categories to meet the objectives of the 
study. The area of focus included issues of access, availability, 
affordability, and shortages of antibiotics, particularly among 
key African and Asian countries, coupled with issues and find
ings regarding substandard and falsified medicines. 
Subsequently, a synopsis of key findings regarding knowledge 
concerning antibiotics and AMR, as well as practices and their 
rationale, among the three key stakeholder groups, i.e. pre
scribers, which includes nurses in LMICs, dispensers, including 
those from the informal sectors, and patients/the public, were 
summarized among African and Asian countries.

The critical African countries included Cameroon, DRG 
Congo, Eritrea, Ethiopia, Ghana, Kenya, Nigeria, Malawi, 
South Africa, Tanzania, Uganda, Zambia, and Zimbabwe, and 
the critical Asian countries included Bangladesh, China, India, 
Iraq, Nepal, Pakistan, Thailand, and Vietnam.

In view of this, Tables 1 and 2, as well as Tables S1–S3 
contain, a synopsis of published papers addressing key issues 
surrounding access, availability, usage, and affordability of anti
biotics across Africa and Asia that impact on AMR and subse
quent mortality. Future potential interventions by Governments 
and Health Authorities in both the short and long term are 
included in Table 3. The suggestions build on Tables 1 and 2 as 
well as Tables S1 to S3. Future guidance for all other key 
stakeholders including Prescribers, Dispensers, Patients/Public 
and Universities is included in Tables S4 onwards.

2.2.1. Access, availability, and shortages regarding 
antibiotics
There have been reported shortages of antibiotics among 
African and Asian countries, including amoxicillin and other 
critical Access antibiotics [203,204]. However, concerns with 
shortages and stocking issues tend to be greater among PHCs 
compared with community pharmacies and drug stores; this 
though does occur in community pharmacies in these coun
tries [92,323].

Shortages when they occur are not helped by concerns 
with supply chain management issues, which include limited 
stock keeping and forecasting abilities, only a limited number 
of manufacturers for the APIs of essential antibiotics and con
cerns with the profitability of manufacturing older antibiotics 
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Table 3. Potential interventions for Government/Health authority activities.

Short to Medium Term (1 
to 5 years)

A) Shortages 
● Activities to address possible shortages of antibiotics within countries can be divided into those to address short-term shortages (i.e. 

3 months or less) as well as longer-term shortages (greater than 3 months and up to 5 years) [35]
● Integrated within this are suggested activities to tackle antibiotic shortages within primary care clinics despite key antibiotics being 

available within the country

a) Short-term shortages  

● Improve IT systems with local, regional and national health authorities to improve stock control and future forecasting for essential 
antibiotics especially in primary care – this will involve increased transparency and improved communication/training as well as the 
development of national risk management strategies [36,38,42,203,208,267,268].

● Seek ways to optimize procurement processes – which includes potentially rewarding improved delivery precision as well as evaluating 
the potential for longer term contracts/multiple contracts for the same antibiotic to reduce dependency on a single provider where 
pertinent. In addition, seek ways to enhance vendor transparency especially where shortages become a regular occurrence [42]

● As part of this, reevaluate payment systems from health authorities to manufacturers and suppliers if concerns with payments are an 
issue behind limited stocks of essential antibiotics within public primary care clinics [29,36,268]. In addition, standardize dosing 
regiments for essential antibiotics based on the WHO AWaRe book guidance within countries and across regions to minimize the 
range of different antibiotic strengths needed to manufacture and keep in warehouses/PHC facilities to satisfy local demand

● Improve early-warning systems between marketing authorization holders, importers, wholesalers and health authorities as part of 
the procurement process especially for primary care clinics [42]

● Standardize pre-qualified supply mechanisms among suppliers to improve the availability of essential antibiotics [29], as well as 
prioritize the registration of essential antibiotics over non-essential antibiotics given concerns among LMICs [207,208]

● Evaluate the possibilities of stockpiling and joint procurement of essential antibiotics within and across countries within the Region 
building on current experiences in a number of African countries as well as potentially diversify suppliers [33,36,203,204,268]. 
Alongside this, explore potential short term inter-change policies within the WHO AWaRe book guidance where necessary [29,44,45]. 
Developments such as the Africa Medical Supplies Platform should help in this regard [160]

● Enhance the priority given to addressing antibiotic shortages within and across countries as well as improving resilience in the 
system especially where concerns are identified [178]. This will be helped by routinely implementing a data-driven approach to 
optimize antibiotic use across Africa and Asia to reduce AMR and improve patient outcomes [269]

b) Long-term shortages  

● Explore the potential for encouraging local/regional production of essential antibiotics to minimize imports as well as shorten lead times 
[29,40,110]. However, locally produced antibiotics must meet agreed quality standards given and be affordable to optimize their use

● Improve market attractiveness for essential antibiotics through improved education of all key stakeholders surrounding the guidance 
within the WHO AWaRe book as well as instigating quality targets based on the WHO AWaRe book [44,45,270]. In this way, optimize 
the use essential antibiotics at agreed doses to improve the attractiveness of these formulations and their potential profitability 
[42,271], recognizing that issues surrounding pricing and affordability of essential antibiotics is complex [38,42]

● Streamline the registration processes especially for key essential generic antibiotics to continue to make the market attractive given 
current concerns with appreciable registration of non-essential medicines including antibiotics [207,208] – Pan African projects 
including the development of an African Medicines Agency will help in this regard [67]. As a result, focus Regulatory Authority 
activities on essential antibiotics and away from registering multiple brands of Watch antibiotics [231]

● Further evaluate the potential for pooled procurement and stockpiling supplies [33,35,38], which can be achieved through initiatives 
such as the Africa Medical Supplies Platform [160], as well as appraising and investing in ‘Just in Time’ inventory management 
systems [271–273]

● Continue to elevate the priority given to addressing antibiotic shortages within and across countries as well as improving resilience 
in the system [178]

B) Substandard and Falsified Medicines 
● Reducing the availability of substandard and falsified antibiotics, especially essential antibiotics, should be routinely incorporated 

into NAPs to reduce AMR [24]
● Potential activities include addressing concerns with current weak Regulatory Agencies across Africa and Asia where these occur 

through greater enforcement of current regulations [65]. The development of an African Medicines Agency and associated 
harmonization of regulations and approaches, building on the Lomé agreement, should help in this regard [49,67,68], as well as 
potentially evaluating blockchain applications [244]

● Alongside this, toughen the laws and regulations against falsified medicines especially where these do not currently exist or are weak – 
building on the experiences in China [70,71]. In addition, toughen regulations surrounding locally produced API as well as multiple sourced 
antibiotics to make sure they comply with International standards, with re-registration and/or removal of licenses where concerns [24,52]

● As part of this, continue to encourage research into cost-effective detection methods that can easily be implemented among African 
and Asian countries to continually assess the extent of substandard and falsified medicines [274–276]

● Next steps could involve adapting case finding or risk-based sentinel surveillance to identify the extent of falsified or substandard 
antibiotics within a country [243], helped by encouragement of ongoing assessments of the value of different sampling and quality 
testing methods within LMICs. In addition, assess the potential for introducing track and trace systems for locally produced and 
imported medicines to help with the implementation of policies to reduce the extent of substandard and falsified medicines – 
building on experiences in Turkey [63,247,277]

● Regulatory authorities, social media companies and Internet providers also need to instigate activities to reduce the extent of 
substandard and falsified medicines, especially antibiotics, readily available via the internet. This will require stronger regulations 
including legislation within countries where this is currently absent or weak [56,57,63,278]

● Continue to explore ways to make the market for falsified medicines unattractive – including financial penalties for abuse as well as 
reducing affordability/improving access to quality antibiotics when dispensing/buying antibiotics [49,74,75], recognizing that 
appropriate pricing of antibiotics within countries given the many issues/stakeholders can be challenging, e.g. raising import fees 
may encourage local companies to raise their prices without price controls [216]

● Seek to instigate pertinent educational activities among patients to aid their identification of substandard/falsified medicines where 
concerns with the help of patient organizations and others [279]

● Routinely involve community pharmacists and drug store owners to identify falsified medicines and report these to the authorities. 
This may mean reevaluating the training of trainee community pharmacists in Universities as well as post-qualification regarding 
these issues [49,55,75,237]

(Continued )
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Table 3. (Continued). 

C) National Action Plans 
● Governments and health authorities in their NAPs across LMICs need to focus on reducing inappropriate use of antibiotics in the primary 

healthcare setting in addition to tackling issues of falsified/substandard medicines as well as shortages when they arise to reduce AMR
● Activities will necessarily involve additional resources (technical/personnel and financial) to address current challenges including 

concerns with the knowledge and practice of key stakeholder groups (prescribers, dispensers and patients) currently translating into 
high levels of inappropriate prescribing and dispensing of antibiotics across Africa and Asia as well as ongoing concerns with 
substandard/falsified antibiotics. NAPs have been implemented across Africa and Asia; however, there are concerns with their rate of 
progress that needs to be addressed going forward including improved surveillance of antibiotic resistance patterns 
[146,149,150,280–282]

● This includes a focus on the integration of routine antibiotic surveillance into electronic healthcare systems such as DHIS2 and others 
as part of a primary care agenda [283], alongside potentially track and trace systems, and other mechanisms for antibiotics being 
prescribed in PHCs as well as dispensed among African and Asian countries, which will also help address any future issues regarding 
shortages of essential antibiotics in primary care [247,277]. Routine surveillance would include greater monitoring of prescribing and 
dispensing patterns against agreed AWaRe-based prescribing/quality indicators and quantity metrics [270,284]. Alongside this, 
Governments and Health Authority personnel in each country may need to refine existing indicators to ensure their relevance and 
enhance their use [270,285]

● Continue to encourage the routine use and standardization of primary care ASPs among prescribers and dispensers to improve 
future antibiotic use given ongoing concerns in practice.

● As part of this, continue to assess the cost-effectiveness of ASP interventions, as well as other policy initiatives including enhancing 
public awareness of falsified medicines and different monitoring systems, with the aid of academic institutions to help refine future 
strategies given often limited resources in LMICs [275,286,287]. This also includes the possible role of Artificial Intelligence/Machine 
Learning to improve future antibiotic use as part of ASPs [288–290]. In addition, potentially virtual reality initiatives [291]

● Explore additional activities to reduce the prices as well as costs to patients of multiple sourced essential antibiotics of agreed quality 
through encouraging INN (International Non-proprietary Name) prescribing [292–294]. However, this requires key stakeholder trust 
in the quality of available antibiotics alongside adequately addressing challenges that low prices of antibiotics may need to be 
balanced against manufacturers’ requirement for a profit for their continued supply [30,295,296].

● Seek to pilot/introduce/expand educational campaigns among the public and patients to help attain NAP goals, aware of language 
and potential gender issues as well as challenges in accessing healthcare knowledge, and monitor their outcomes with the help of 
academic units, with the aim of providing future direction to all key stakeholder groups [167,176,297–299]. Implementing people- 
centered approaches and guidelines are increasingly needed to tackle AMR across Africa and wider [300]

D) Prescribers (Physicians and Nurses) 
● Work with health authorities, managers and others within primary healthcare clinics to predict and monitor antibiotic use, with 

standardization of antibiotic use, including doses, enhanced by the availability of WHO AWaRe Book guidance [44,45]. Prescribers/ 
managers within primary healthcare clinics also need to make administrators aware when lack of payment is holding up the supply 
of essential medicines in order that this can be rectified

● Continue to evaluate knowledge and actual practice of prescribers across Africa and Asia given current concerns regarding their use 
of antibiotics, especially Watch antibiotics, AMR, and ASPs in practice, as well as instigate pertinent additional educational activities 
where necessary through the help of Universities as part of CPD activities

● Encourage prescriber organizations among African and Asian countries 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 among African and Asian 
countries need to work closely with physicians and other prescribers to encourage them to regularly consult national/local guidelines 
concerning optimal treatment for patients where pertinent, including the WHO AWaRe book. This is because guideline adherence is 
increasingly seen as a key quality marker to be part of future ASPs to help with future forecasting/standardization of dosing 
[270,285,301]

● In view of this, where necessary, key organizations need to work with Governments/Health authorities to make guidelines easily 
accessible to prescribers – increasingly through simple, easy to use applications and other systems, necessary to help achieve UN GA 
goals for the use of Access antibiotics. 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 against agreed quality 
indicators – increasingly based on the WHO AWaRe system [270]. However, cognizant not to overload prescribers with too many 
indicators to monitor – key prescriber organizations can help in this regard

● Work with prescribers and their organizations to reduce the influence of pharmaceutical company activities where pertinent through 
encouraging the use of the WHO AWaRe book when considering the prescribing of antibiotics with the aid of quality indictors 
[270,302,303], ASPs and other mechanisms – acknowledging that potential barriers may need addressing before AMS and ASP 
activities become normal practice among key LMICs

(Continued )
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Table 3. (Continued). 

E) Dispensers (Community Pharmacists) 
● Work with Universities and Health Authorities to improve their identification of falsified/substandard medicines, and report these to 

the relevant health authorities when identified. As part of this, work with the authorities and others if track and trace systems are 
introduced

● Work closely with health authorities, wholesalers and others to monitor the availability of essential antibiotics in primary care, as well 
as rapidly inform the authorities where concerns

● Work with health authorities and suppliers to improve the monitoring of antibiotic dispensing generally in the community to 
improve forecasting/reduce the possibility of shortages. This can include the use of mobile technologies [19,304]

● Continue researching the knowledge and practices of dispensers among African and Asian countries regarding antibiotics, AMR, and 
ASPs – especially given identified concerns in practice

● Undertake post-graduate educational activities (CPD) where necessary through the help of Universities, including potential educa
tional activities to dispel misinformation, which was problematic during the COVID-19 pandemic [305–308]. In view of this, 
Governments/Health Authorities in each country need to work with key pharmacy organizations to encourage dispensers to regularly 
consult national/local guidelines concerning optimal treatment for patients presenting with infectious diseases, increasingly 
including the WHO AWaRe book guidance, given current concerns

● Where necessary, Governments/Health authorities need to work closely with pharmacy organization to make guidelines easily 
accessible to dispensers – again increasingly through simple, easy to use applications and other systems

● Governments/Health Authorities also need to ensure that antibiotics that can be dispensed in community pharmacies are in line with 
the WHO AWaRe book recommendations especially where there are current concerns [138]. This includes any antibiotics that are part 
of potential quality indicators introduced in community pharmacies to improve future antibiotic dispensing

F) Universities 
● Governments/Health Authorities need to work with Universities to ensure that current HCP curricula meet agreed standards. This 

increasingly includes education around identifying falsified/substandard medicines as well as making sure no HCP student leaves 
university without being fully aware and cognizant of the WHO AWaRe classification and the WHO AWaRe book guidance

● University personnel also need to work with Governments/Health Authorities and others to continue to assess the cost-effectiveness 
of different systems to monitor the extent of substandard/falsified antibiotics in practice across African and Asian countries given 
current resource issues

● Governments/Health Authorities also need to work closely with Universities to ensure that CPD activities are aimed at improving 
prescriber and dispenser knowledge of national/WHO AWaRe book guidelines so that they can give appropriate advice to patients 
when patients/guardians of children present with self-limiting conditions such as acute respiratory infections given expectations of 
antibiotics being prescribed/dispensed. Alongside this, instigate programmes to enhance dispenser communication skills with 
patients [309]

● Governments/Health Authorities also need to work closely with Universities to monitor the knowledge and practice of all key 
stakeholders toward antibiotic use, AMR and AMS, and refine CPD and other activities where necessary

● Governments/Health Authorities also need to work closely with Universities to research the outcomes of any national initiatives, 
including educational initiatives among patients and parents, and their associated cost-effectiveness, as well as guideline intro
duction/associated quality indicators, as part of academic activities to help refine future activities. This also includes the potential 
future role of Artificial Intelligence/Machine Learning activities to improve future antibiotic utilization as part of ASPs [288–290].

G) Patients/Patient Organisations 
● Patient organizations across LMICs need to work with Governments/Health Authorities and Universities to help patients identify 

substandard/falsified medicines in practice, as well as report these when found to the relevant authorities
● Alongside this, patient organizations need to work with other key stakeholders including Governments/Health Authorities to improve 

existing communication and beliefs regarding the lack of effectiveness of antibiotics for viral infections, and that high levels of 
inappropriate use of antibiotics will increase AMR – building on successful campaigns among LMICs [310–316]

● Patient organizations can also help Governments/Health Authorities understand key issues surrounding the terminology of 
antibiotics and AMR where pertinent, with these issues increasingly seen as crucial when health authorities and others are designing 
different educational initiatives and approaches for patients to enhance their chance of success [297,317–319]

● Governments/Health Authorities also need to work closely with patient organizations where affordability of antibiotics is a problem 
as this can fuel the market for substandard/falsified medicines as well as enhance AMR. However, acknowledging that pricing of 
antibiotics is a complex issue

● Alongside this, Governments/health Authorities need to work closely with patient organizations to explore new social media 
channels to effectively communicate with patients to address misinformation, which was problematic during the COVID-19 pandemic 
[180,305,320,321]

● Alongside this, also explore virtual reality initiatives to increase awareness of antibiotics, including substandard/falsified antibiotics 
and AMR among the public [291]

● Work with patient organizations to encourage people to become antibiotic guardians where such programs exist [322]

Longer Term ● Continue to invest in pertinent programs, including Pan-African initiatives as well as initiatives with the WHO, to guard against 
shortages of essential antibiotics in primary care as well as falsified/substandard antibiotics. The latter includes potential additional 
legislation to address any increase in the availability of substandard/falsified medicines via the internet

● Regularly monitor antimicrobial utilization patterns, including the extent of any falsified/substandard antibiotics, 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 to collect 
utilization data in real time

● Continue to refine international guidance and quality indicators where pertinent to make sure of their relevance/use. 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 UN 
GA goals, and refine where necessary

● Continue to work with Universities to ensure adequate training of HCP as well as support for CPD and research activities
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[29,32,92,170,203,267,324,325]. Shortages can also be ham
pered by a lack of prioritization of registering essential versus 
non-essential antibiotics alongside perceived over-registration 
of Watch antibiotics [43,110,207,229,230,232], as well as a lack 
of local production, which can lead to long supply chains 
[29,35].

Suggested ways forward include increasing local produc
tion alongside addressing concerns with incentives and mini
mizing production lines through encouraging greater 
adherence to international guidance such as the WHO 
AWaRe guidance given concerns with current prescribing 
and dispensing patterns across African and Asian countries 
[36,44,45,110,205]. Alongside this, harmonizing registration of 
essential antibiotics among countries close to each other 
within a region, researching possible joint procurement pro
jects acknowledging the challenges, as well as improving 
forecasting capabilities [32,35,69,160,170,326].

Concerns with current prescribing and dispensing of antibio
tics, impacting on forecasting and the potential for local produc
tion, are currently seen across a number of African and Asian 
countries. This includes 32.1% to 43.2% of antibiotic prescriptions 
being from the Watch group in DRC Congo, Eritrea, and Ethiopia 
[212–214], high rates of dispensing of azithromycin to patients 
with suspected COVID-19 in Kenya (99.1%) [221], 49.54% to 
68.4% of antibiotic prescriptions being seen as irrational with 
STGs in Ethiopia and Uganda [327,328], and only 8.8% of all the 
prescriptions for antibiotics seen as appropriate in South Africa 
[226]. There were similar concerns among critical Asian countries. 
In Nepal, 75% of children who received antibiotics for diarrhea 
did not meet recognized indication requirements [227], and in 
China, only 18.3% of antibiotic prescriptions were appropriate 
[329], with 66.2% of prescriptions seen as inappropriate in 
another study [233]. Watch antibiotics constituted 39.3% to 
73.5% of dispensed antibiotics in Bangladesh, Pakistan, and 
Vietnam [190,228,230,330,331].

Table 1 includes summaries of key issues regarding access, 
availability, and shortages principally among key African and 
Asian countries. The full list of sourced papers among the key 
African and Asian countries is contained in Table S1 
(Supplementary Material).

2.2.2. Substandard and falsified antibiotics
There have been concerns with the extent of substandard and 
falsified medicines including antibiotics among African and Asian 
countries (Table 2), with the magnitude and the consequences 
worsening during the pandemic [237]. The considerable extent 
of falsified/substandard antibiotics out of all medicines surveyed 
was noted in the review of Feeney et al. (2024) to be up to 36% of 
all medicines analyzed [238], with other studies also showing 
similar findings [242,249,252]. This, though, is not always the case 
for antibiotics versus other medicines [59].

However, the prevalence of substandard and falsified med
icines globally was lower at 13.6% in the review of Ozawa et al. 
(2018) [47], highest though in Africa at 18.7% among sampled 
medicines as well as Asia at 13.7%. Prevalence rates were 
similar at 12.4% of 95,520 essential medicines tested among 
130 studies in their 2022 update [171]. A higher proportion of 
substandard and falsified medicines in Africa versus other 

continents is also seen in other studies [49]; however, detec
tion rates can vary considerable among African countries 
[332]. This is an important area to address with estimates for 
the global economic impact of substandard and falsified med
icines ranging from $10 billion to $200 billion [47].

From the published studies (Table 2), the prevalence rates of 
substandard and falsified medicines in recent years appeared 
lower in Asia [264,333–335]. In Africa, current high rates of sub
standard and falsified medicines are not helped by only a limited 
number of African countries having legal mandates to perform all 
the core regulatory functions to reduce the prevalence of these 
medicines [49]. However, this is beginning to change with initia
tives such as the WHO Lomé initiative, as well as joint initiatives by 
the Regulatory Agencies across Africa (Table 2), building on cur
rent initiatives to harmonize regulatory activities as seen in East 
Africa (Table 1) [69,245,332]. Several African countries have also 
ratified the Council of Europe Medicrime Convention Treaty to 
help reduce the extent of falsified and substandard medicines as 
an example to other African countries [246], with the Nigerian 
National Agency for Food and Drug Administration and Control 
also initiating a number of activities to reduce the prevalence of 
substandard and falsified medicines in the country [258]. Such 
activities are welcomed to help address this critical issue, and 
associated reduction in AMR, with still an appreciable prevalence 
of falsified and substandard medicines in a number of African 
countries including Cameroon [242], DRC Congo [274] Ethiopia 
[250,336], Ghana [255], and Nigeria [258,337]. However, this is not 
always the case as seen for instance in Tanzania [62,262] and 
South Africa [263], providing direction to others. Overall, current 
estimates of poor quality medicines in Africa, which includes 
antibiotics, range on average from 18.7% to 22.6% of available 
medicines, with the greatest number seen with antibiotics 
[47,49,52,241]. Some studies though have reported higher rates 
in Africa up to 89% of available medicines [237,243,332], which 
needs to be urgently addressed going forward. A key target in the 
future will also be the considerable number of informal sellers 
across Africa, with typically higher rates of substandard and falsi
fied medicines being dispensed than seen in community pharma
cies [248,254,274].

Internet and other sources have also revealed that there are 
still considerable problems with substandard and falsified 
medicines in India leading to arrests [338–340], as well as in 
Pakistan [341–344]. However, the Regulating Agency in 
Pakistan appears to now be taking urgent steps to try and 
address this situation [345]. The Indian government has also 
formed a task force to tackle the problems with falsified 
medicines through, for instance, implementing unique identi
fication numbers and a bar code on each medicine pack [63], 
although some problems persist [338].

There are also concerns in Vietnam with the extent of 
substandard and falsified antibiotics [346–348], which also 
needs addressing going forward alongside addressing con
cerns with the prescribing and dispensing of antibiotics in 
the country (Table 1 as well as Tables S1 to S3). We could 
not identify any studies from China published in PubMed in 
recent years documenting the extent of substandard and 
falsified medicines including antibiotics. This though may 
reflect recent toughening of the laws in China against counter
feit medicines, with appreciable penalties when these are 
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found [70,71]. However, we cannot say this with certainty 
without further research.

The appreciably lower rates of falsified and substandard 
antibiotics in high-income countries versus LMICs with their 
greater enforcement of current regulations provide direction 
to LMICs alongside ongoing activities in China [71,74].

Table 2 includes summaries of key issues regarding sub
standard and falsified medicines principally among key African 
and Asian countries. The full list of sourced papers among the 
key African and Asian countries is contained in Table S2.

2.2.3. Prescribers, dispensers, and patients
Tables S3–S5 contain summarized details regarding the knowl
edge and practice of Prescribers, Dispensers, and Patients/ 
Public regarding antibiotics, AMR and AMS.

2.2.3.1. Prescribers. High rates of inappropriate prescribing of 
antibiotics were seen among the studied African and Asian 
countries irrespective of income levels (Table S3). Antibiotics 
were often prescribed for self-limiting conditions, including 
acute respiratory infections in up to 96.2% of occasions [349], 
exacerbated by the lack of time that prescribers typically have 
with patients coupled with patient demands. Low rates of adher
ence to current guidelines are also a concern, potentially adding 
to AMR. This needs to be addressed with adherence to guidelines 
increasingly seen as an important marker of the quality of care, 
helping to reduce current high rates of the prescribing of Watch 
antibiotics across Africa and Asia where this occurs 
[9,91,130,212,270,301,350–352]. Where recorded, compliance 
rates with current guidelines varied among African countries, 
ranging from 11% up to 97% compliance [353,354]. However, 
improvements were seen following audits and feedback of pre
scription findings [354]. In one study in China, only 18.3% of 
antibiotic prescriptions were seen as appropriate [329], with 
high rates of inappropriate antibiotic prescribing also seen 
among children aged 0–5 years (78.5%) in another study [355].

Alongside this, high rates of prescribing of Watch antibio
tics have also been seen in a number of Asian countries, 
against the recommendations in the WHO AWaRe guidance 
book [44,45,91,229,230,351]. Prescribing concerns were 
enhanced by limited knowledge regarding antibiotics, AMR 
and AMS among a number of prescribers in African and 
Asian countries. However, considerable variability was seen 
among prescribers across the countries.

Another key identified concern was that whilst in some 
African and Asian countries there was good knowledge of 
antibiotics and AMR among prescribers, this did not always 
translate into actual prescribing practices [68,356,357]. For 
instance, in Nigeria, 49.2% of prescribers had good knowledge 
of AMR; however, 75.7% admitted to prescribing antibiotics for 
sore throats [356].

The need for additional training regarding antibiotics, the 
AWaRe classification, AMR and AMS, was seen as a definite 
requirement among prescribers across Africa and Asia. This 
also included training surrounding current national STGs as 
well as the WHO AWaRe classification and WHO AWaRe book 
guidance where no current national STGs exist; alternatively, 
now seen as out-of-date [44,45]. This is important with cited 

studies showing that educational and other interventions sur
rounding STGs enhanced the appropriateness of future anti
biotic prescribing [233,234,354,358]. In addition, more 
antibiotic utilization studies in LMICs are now recording 
usage based on the AWaRe classification as the forerunner to 
targeted ASPs [359]. However, there is a need to also 
strengthen antibiotic surveillance and reporting systems 
across LMICs to improve future prescribing [280].

2.2.3.2. Dispensers.. A similar picture was seen among dis
pensers (Table S4) and again irrespective of country income 
levels. There were typically high rates of dispensing of antibiotics 
without a prescription across the studied African and Asian 
counties, including up to 94% of patients. Alongside this, similar 
to prescribers across Africa and Asia, the dispensing of antibiotics 
without a prescription was typically for self-limiting conditions, 
which included acute respiratory infections alongside diarrhea. 
Identified concerns also included appreciable dispensing of anti
biotics from the Watch group, which included up to 49.3% and 
53.6% Watch antibiotics among patients visiting community 
pharmacists in Pakistan and Bangladesh, respectively, [230,331].

Alongside this, high rates of dispensing of antibiotics from 
the Reserve group among community pharmacies at 10% in 
Bangladesh and 19.0% in Pakistan [230,331]. Having said this, 
there was limited dispensing of antibiotics without a prescrip
tion for essentially viral infections, including patients with 
COVID-19 among community pharmacies linked to the 
University of Nairobi in Kenya [222,360].

The reasons for high rates of dispensing of antibiotics with
out a prescription were similar across Africa and Asia irrespec
tive of World Bank income status. Reasons included high 
patient co-payments, concerns with available funds, conveni
ence of pharmacies, ease of access of antibiotics in community 
pharmacies and drug stores and increasing pressure from 
patients [113,361–366].

Encouragingly, pharmacists with greater experience, and 
following educational activities, were generally less likely to 
sell antibiotics to patients or carers without a prescription 
[279,367]. However, similar to prescribers, whilst knowledge 
of antibiotics and AMR appeared reasonable among dispen
sers across Africa and Asia, this did not always translate into 
actual practice. Dispensers acknowledged issues of language 
surrounding the terminology for antibiotics and AMR as a 
potential barrier to reducing inappropriate dispensing along
side lack of knowledge [167,220,297,368,369]. This can be 
addressed now that the WHO AWaRe book guidance has 
been launched giving advice on the appropriate management 
of 35 common infectious diseases [44,45].

2.2.3.3. Patients/public.. There were similar concerns and 
issues to other key stakeholder groups among patients and 
the public across Africa and Asia with respect to their knowl
edge, attitude, and practice toward antibiotics and AMR (Table 
S3).

A number of studies demonstrated moderate-to-good 
patient knowledge and familiarity regarding terms such as anti
biotics, AMR, and the problems associated with AMR [370–375]. 
For instance, in one study Nigeria, 76.6% of patients stated that 
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bacteria would become less resistant to antibiotics after pro
longed use, and only 22.1% believed antibiotics can cure colds 
and sore throats faster [376], and in one study in Eritrea, 78.2% of 
participants correctly reported that ABR is an issue that needs 
addressing [377]. However, a number of knowledge concerns 
were identified among the critical African countries [378–381]. 
For instance in Tanzania in two studies, between 61.4% and 
62.5% of participants believed sore throats could be treated 
with antibiotics [382,383], and in Malawi in one study, 92.4% of 
participants also believed antibiotics could stop a fever [384]. 
Similar findings were seen in studies in Eritrea, Ethiopia, Ghana, 
Nigeria, and Zambia [377,385–390].

Patients and the public among the studied African countries 
also commented on the appreciable self-purchasing of antibio
tics, typically for self-limiting conditions including coughs, colds, 
and fever (Table S3). High rates were driven by the ease of the 
access and availability of antibiotics in community pharmacies 
and drug stores, previous experiences, condition seen as minor, 
costs, locations, e.g. rural area, as well as a desire for quick relief 
for their infectious diseases [191,385,391–394]. Documented 
rates of self-purchasing of antibiotics among patients ranged 
from 23.6% in Kenya [395], to 47% to 81.4% in Cameroon 
[374,396], and 26% to 86.5% in Nigeria [397,398].

There were again considerable differences between stated 
knowledge and actual practices among patients and the public 
among critical Asian countries [399]. For instance in Pakistan, 
61.7% of participants in one study had good knowledge regarding 
antibiotics and AMR and the fact that antibiotics kill bacteria [94]. 
However, the majority of participants believed antibiotics can treat 
viral infections and that all types of infection can be cured with the 
help of antibiotics [94]. Having said this, among patients in critical 
Asian countries, there were encouraging signs [400–402]. For 
instance in China in one study, 83.5% of participants believed 
antibiotics were unnecessary for common colds, and in another, 
70.2% believed that the overuse of antibiotics increases ABR, 
similar to other studies in China as well as Vietnam [403–406].

However there were also concerns that need addressing to 
reduce inappropriate antibiotic use [83,167,399,407,408]. For 
instance, in one study in Nepal, 84.6% of participants reported 
they sometimes prefer an antibiotic when they have a cough or 
sore throat [399], and in another, participants typically demon
strated a low level of knowledge concerning AMR [407]. Similarly 
in China, 91.6% of participants in one study thought antibiotics 
can control and treat viral infections [409,410], with 81.3% of 
participants in another admitted to using antibiotics to treat their 
acute respiratory infections [409]. Similar findings were also seen 
in studies in Bangladesh, India, and Vietnam, as well as other 
studies in Nepal [401,411–414].

Again, self-purchasing of antibiotics was common among 
patients in the key Asian countries [415,416]. These ranged 
from 33.4% to 59% in Pakistan [417,418], and between 50.9% 
and 80.9% in studies in Bangladesh, including high rates of 
dispensing of antibiotics from the Watch list [230,419]. The top 
three infectious diseases for self-medication with antibiotics in 
Bangladesh were coughs, colds, and a fever [420]. In China, 
rates of self-purchasing of antibiotics among patients were 
also a concern ranging up to 92.1% of patients, depending 
on the population and location [403,406,409,421–428].

Overall, patients’ and parents’ beliefs regarding the effective
ness of antibiotics across a range of self-limiting infectious diseases 
are a major issue to address going forward as they have resulted in 
appreciable pressure on both prescribers and dispensers to pre
scribe/issue antibiotics in situations where they are not needed 
and could cause harm (Table S3). Generally though, there was a 
better attitude toward antibiotics among more educated patients.

Positively, education initiatives among African and Asian 
countries improved patients’ knowledge regarding antibiotics 
and their potential use in practice [310,311,368,429]. In their 
study, Otieku et al. (2023) found that participants exposed to 
an educational intervention appreciably increased their knowl
edge base and were significantly more likely to recommend 
restrictive access to antibiotics [429]. However, there can be 
challenges with undertaking educational campaigns among 
patients [430,431]. This includes patients' actual understanding 
of the terminology concerning key issues including antibiotics 
and AMR [432]. This can be a problem, especially among dis
pensers, when educating patients, or their care givers, regarding 
these crucial issues when recommending treatments for infec
tious diseases [167,297,368,369]. It is critical that health autho
rities and others are aware of these critical issues when designing 
educational and other initiatives for patients [297,317,318]. 
Health authorities also need to be aware that any intervention, 
or targetted educational program, among patients, caregivers, or 
the public, must include a range of stakeholders to ensure these 
initiatives are appropriate for their health system and cultural 
context [433].

2.2.4. Discussion and next steps
We belive this to be the most comprehensive narrative synthesis to 
date exploring key aspects of primary care antibiotic use across 
Africa and Asia as a basis for future recommendations. This 
includes critical issues surrounding access, availability, affordability, 
shortages, and the use of antibiotics alongside the possible rea
sons for current utilization patterns. The wide range of priorities 
and activities identified in the reviewed papers (Tables 1 and 2, S1 
to S5) have been broken down into different key stakeholder 
groups. These include Governments/Health Authorities, 
Prescribers (Physicians/Nurses), Dispensers (principally 
Community Pharmacists), Universities (as educators of prescribers 
and dispensers as well as undertaking important research) and the 
Public/Patients. We are aware that dispensers also include the 
informal sector in many LMICs, e.g. Bangladesh, Cameroon, 
Malawi, and Zimbabwe, where there are concerns with issues of 
substandard and falsified medicines as well as particularly dispen
sing practices. However, in this paper, we will just deal with 
activities with community pharmacies and discuss key implications 
and activities regarding the informal sector in future publications.

There were very few papers that identified a systematic lack of 
access to antibiotics in the LMIC primary care setting. Short-term 
stock outs were identified and clear concerns around affordabil
ity, but there was a notable lack of evidence regarding short- 
term shortages or longer-term access to appropriate antibiotics 
in primary care (Table 1) [92]. It should be noted, though, that the 
countries selected for this review were not the most impover
ished or in conflict zones. However, there are few studies to date 
in this area. There was a clear recognized need to improve supply 
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chain logistics, forecasting and financing to ensure key antibio
tics recommended in the WHO AWaRe book are routinely avail
able to prescribe to patients. These issues and suggestions are 
captured in Table 3 along with other evidence-based sugges
tions and initiatives for a sustainable reduction with respect to 
inappropriate antibiotic use across LMICs [434].

There remain concerns around the availability of falsified 
and substandard antibiotics. Joint working across continents, 
illustrated by the ‘Lomé Initiative’, as well as moves to develop 
a Pan-African Medicines Agency, should help in this regard, 
and provide guidance to other continents [59,64–68]. 
Vigilance among community pharmacists can also help with 
addressing issues of falsified medicines [73]. However, this 
may require additional education from Universities where stu
dent and community pharmacists may currently have limited 
knowledge regarding identifying substandard and falsified 
medicines, as well as addressing where pertinent any tempta
tion among community pharmacists to dispense falsified med
icines for short-term financial gain [77,78].

There were similar findings among African and Asian coun
tries with respect to knowledge and usage patterns regarding 
antibiotics, AMR and AMS (Tables S3 to S5). As a result, just the 
suggested activities for Government/Health Authorities are 
documented here (Table 3). Those for the other key stake
holders, i.e. prescribers, dispensers, Universities, and patients, 
are included in the Supplementary Material (Tables S6–S9).

Across each stakeholder group among the included African and 
Asian countries, there was a clear identified need to improve 
knowledge regarding the optimal use of antibiotics and AMR, 
with self-reported knowledge about these issues typically different 
from actual practices across all country income levels. Knowledge 
gaps were exacerbated by a perceived lack of post-graduate edu
cation or training on optimal prescribing or dispensing of antibio
tics among relevant stakeholder groups. This includes a need for 
training surrounding the WHO AWaRe system and prescribing 
guidance in the WHO AWaRe book [44,45], leading into potential 
ASPs. This is important as currently there is no detailed WHO 
guidance on undertaking ASPs in the primary care setting.

The review noted a clear opportunity for Governments and 
Health Authorities across Africa and Asia to enhance routinely 
collected healthcare data to monitor prescribing and dispensing 
practices, as well as collect data on the extent of substandard and 
falsified medicines (Table 3). Although this will require financial 
resources given the current extent of paper-based systems 
among African and Asian countries, such activities can build on 
systems such as DHIS2, which was developed for these conti
nents in addition to the WHO GLASS initiative [283,434].

Improving IT systems will help Governments and Health 
Authorities when working with key Pharmacy organizations to 
reduce inappropriate dispensing of antibiotics, especially those 
from the Watch and Reserve groups. In time, we also monitor 
dispensing of antibiotics by indication to help reduce their dis
pensing especially for self-limiting conditions as noted in the WHO 
AWaRe Book guidance. A clear outcome of Table 3 is that 
Governments and Health Authorities should engage more effec
tively with patients to address current issues and concerns such as 
misconceptions regarding the effectiveness of antibiotics for viral 
infections. This though will need closer working with patient 
organizations and other similar bodies to explore potential social 

media channels to more effectively communicate with patients in 
concepts and languages they understand. These activities can 
build on social media experiences arising from the COVID-19 
pandemic, including vaccinations, where appreciable concerns 
were identified [305,435, 436–438].

We are aware that there are many limitations to this study. It 
was not practically possible, given the number of studies identi
fied, to report data across all LMICs, even those among all African 
and Asian countries. Consequently, we just concentrated on 
critical African and Asian countries. However, all major stake
holders involved in the day-to-day prescribing and dispensing 
of antibiotics were included alongside patients, parents, and the 
public. A formal systematic review was also not possible given 
the wide variety of methodologies used in the included papers. 
However, the generalizability of these studies was possible given 
the similarity of the key findings among all stakeholder groups 
and countries across Africa and Asia.

This review was also conducted during the preparations as 
well as during the UNGA-AMR in 2024 [81]. The major commit
ment of the UN GA that 70% of all antibiotics used in humans 
should be Access antibiotics has added to the urgency of the 
key findings certainly with respect to ensuring optimal access, 
affordability, and availability of Access antibiotics across loca
tions and countries. There is a clear need for major training 
across all key stakeholders regarding optimal antibiotic use 
building on the WHO AWaRe book and guidance, which could 
be addressed by a standard program with national and regio
nal modules. This should be practical and affordable with a 
small number of globally relevant educational training pro
grams. We will be taking this further in future studies.

3. Conclusions

This comprehensive review, working with multiple key stake
holders across multiple LMICs, has identified significant knowl
edge gaps as well as potential interventions. Very few studies 
could be identified that assess the current barriers to access of 
antibiotics in the primary healthcare setting across LMICs. This 
includes a lack of evidence for short-term stock outs of essen
tial antibiotics or of longer-term failure in the availability of 
antibiotics at a facility level. A clear barrier to more detailed 
and formal assessments of the ‘antibiotic access gap’ is the 
absence of agreed minimum access standards for essential 
antibiotics, doses, and formulations that should always be 
available in every primary healthcare facility in LMICs.

The review has identified clear concerns with the overuse of 
antibiotics for minor infections, particularly oral Watch antibiotics 
for respiratory tract infections and multiple antibiotics for mild 
diarrhea. Practical suggestions for improving the education of all 
providers and receivers of antibiotics based on the AWaRe clas
sification and guidance have been noted and will be expanded 
upon in future studies. The continued concerns with sub-stan
dard and falsified medicines as well as practical next steps have 
also been reviewed, although more recent data suggest that 
some improvements in this area have been made. However, 
the affordability of essential antibiotics remains a major concern 
across a number of studied countries, particularly with current 
major constraints on healthcare and out-of-pocket finances. This 
needs to be tackled going forward.
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We are aware that this review was not able to develop a 
more formal prioritization exercise to estimate the relative 
impact of the multiple policy options listed here. We acknowl
edge that a more formal process of evidence-based priority 
setting to improve the use of antibiotics in primary care 
globally would help inform the planned review of the AMR 
Global Action Plan going forward. However, this was not the 
objective of this narrative review.

4. Expert opinion

There are appreciable concerns with rising rates of AMR across 
LMICs increasing morbidity, mortality, and costs. Co-ordinated 
activities are needed to ensure appropriate use of antibiotics, 
alongside the ready availability and affordability of quality 
antibiotics in primary care clinics, to reduce AMR whilst attain
ing SDG 3.8, i.e. on arrival at the point of care, patients should 
have access to safe and effective antibiotics meeting agreed 
quality standards in an affordable formulation.

There is continued availability of substandard and falsified 
medicines across LMICs, including African and Asian countries, 
which needs to be addressed going forward to reduce AMR. 
Countries such as China have shown the way forward by 
increasing quality standards for multiple sourced medicines 
within the country coupled with fines for manufacturers when 
falsified antibiotics are detected. Ongoing initiatives such as 
the Lomé initiative in Africa, coupled with the development of 
a Pan-African Medicine Agency, should help in the future to 
reduce the prevalence of falisfied and substandard antibiotics 
in Africa alongside making the falsified antibiotic market unat
tractive through improved local production and addressing 
issues of affordability. However, this is complex as such issues 
have to be balanced against concerns with profiability for 
manufacturers if prices are too low.

Access to appropriate antibiotics in public clinics can also be a 
challenge in a number of LMICs. Improved supply chain manage
ment, which includes making sure suppliers are paid for their 
antibiotics alongside instigating electronic systems to improve 
forecasting and determining usage patterns in dispensaries as 
well as primary care clinics, can help address this. Increases in the 
local production of antibiotics can also decrease lead times, 
which alongside making sure registration of essential antibiotics 
is prioritized over non-essential antibiotics, can also help with the 
availability of essential antibiotics in LMICs.

A key concern going forward is the current high rates of 
inappropriate prescribing and dispensing of antibiotics in primary 
care among LMICs, particularly oral Watch antibiotics for essen
tially minor infections. Minor infections include acute respiratory 
tract infections alongside mild diarrhea. High rates of inappropri
ate prescribing of antibiotics were often despite professed knowl
edge of antibiotics, AMR and AMS among all key stakeholder 
groups, i.e. demonstrating a disassociate between stated knowl
edge and actual practice when it comes to prescribing, dispensing, 
or consuming antibiotics. The availability of the AWaRe classifica
tion and guidance across 35 infections, including where antibiotics 
may not be the appropriate first choice, provides a robust founda
tion going forward to improve future antibiotic use. This is impor
tant with the United Nations General Assembly recently setting a 

target of 70% use of Access antibiotics across sectors to reduce 
AMR. As a result, it is increasingly likely to see SPs being introduced 
with quality indicators based on the AWaRe system and guidance 
to meet UN GA targets.

Education for healthcare professionals starts in University 
and continues post-qualification. Consequently, Universities 
need to ensure that their healthcare students leave their 
Universities with comprehensive knowledge of the AWaRe 
system, AMR, and ASPs, ready to help improve antibiotic use 
post qualification and subsequently through continual profes
sional development activities. This includes ensuring that 
healthcare students understand the importance of good com
munication with patients, especially where terms such as anti
biotics and AMR may not exist in the local language. Patient 
organizations can help here.

Patient organizations, together with academic personnel, also 
need to develop targeted educational campaigns given concerns 
with patients’ knowledge of antibiotics and AMR across LMICs, 
coupled with their considerable influence on prescribers and 
dispensers to provide antibiotics for often minor self-limiting 
infections. Alongside this, academic personnel can also help 
with assessing the cost-effectiveness of targeted interventions 
to guide health authorities in the future.

These combined activities can help health authorities going 
forward to reach their AMR goals outlined in their NAP. A key 
first step will be prioritizing resources to where they are most 
needed. This is likely to initially include instigating multiple 
measures to enhance the appropriate use of antibiotics given 
current concerns.
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