
Strategy to respond to 
antimalarial drug 
resistance in Africa





Strategy to respond to  
antimalarial drug 
resistance in Africa



Strategy to respond to antimalarial drug resistance in Africa

ISBN 978-92-4-006026-5 (electronic version) 
ISBN 978-92-4-006027-2 (print version)

© World Health Organization 2022

Some rights reserved. This work is available under the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/
licenses/by-nc-sa/3.0/igo).

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial 
purposes, provided the work is appropriately cited, as indicated below. In any use of this work, there 
should be no suggestion that WHO endorses any specific organization, products or services. The use 
of the WHO logo is not permitted. If you adapt the work, then you must license your work under the 
same or equivalent Creative Commons licence. If you create a translation of this work, you should 
add the following disclaimer along with the suggested citation: “This translation was not created by 
the World Health Organization (WHO). WHO is not responsible for the content or accuracy of this 
translation. The original English edition shall be the binding and authentic edition”.

Any mediation relating to disputes arising under the licence shall be conducted in accordance with 
the mediation rules of the World Intellectual Property Organization (http://www.wipo.int/amc/en/
mediation/rules/).

Suggested citation. Strategy to respond to antimalarial drug resistance in Africa. Geneva: World 
Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO.

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders. To 
submit requests for commercial use and queries on rights and licensing, see https://www.who.int/
copyright.

Third-party materials. If you wish to reuse material from this work that is attributed to a third party, 
such as tables, figures or images, it is your responsibility to determine whether permission is needed 
for that reuse and to obtain permission from the copyright holder. The risk of claims resulting from 
infringement of any third-party-owned component in the work rests solely with the user.

General disclaimers. The designations employed and the presentation of the material in this 
publication do not imply the expression of any opinion whatsoever on the part of WHO concerning 
the legal status of any country, territory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate 
border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they 
are endorsed or recommended by WHO in preference to others of a similar nature that are not 
mentioned. Errors and omissions excepted, the names of proprietary products are distinguished by 
initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this 
publication. However, the published material is being distributed without warranty of any kind, 
either expressed or implied. The responsibility for the interpretation and use of the material lies with 
the reader. In no event shall WHO be liable for damages arising from its use.

https://creativecommons.org/licenses/by-nc-sa/3.0/igo
https://creativecommons.org/licenses/by-nc-sa/3.0/igo
http://www.wipo.int/amc/en/mediation/rules/
http://www.wipo.int/amc/en/mediation/rules/
https://creativecommons.org/licenses/by-nc-sa/3.0/igo/
http://apps.who.int/iris/
http://apps.who.int/bookorders
https://www.who.int/copyright
https://www.who.int/copyright


iii

Contents

Foreword v

Acknowledgements vii

Abbreviations and acronyms viii

Executive summary ix

1. Introduction 1
1.1  Purpose of the Strategy 1
1.2 Structure of the Strategy 1

2. Context 2
2.1  The malaria burden in Africa 2
2.2 ACTs at the heart of the response 3
2.3 Defining and monitoring resistance 4

3. The threat of antimalarial drug resistance in Africa 6
3.1 Antimalarial drug resistance in Africa 6
3.2 The need for an African-wide strategy 9

4. Drivers of resistance 12
4.1 Overview of drivers of resistance 12
4.2 Background drivers of resistance 12
4.3 Treatment-related drivers of resistance 13

5. Interventions to mitigate the risks and respond to the emergence  
and spread of antimalarial drug resistance in Africa 15

5.1 Preliminary assessment to prioritize interventions 16
5.2  Interventions to address key drivers of antimalarial 

drug resistance 18

6. Role of stakeholders and enabling mechanisms 43
6.1 Role of key stakeholders 43
6.2 Ensuring that key enabling mechanisms are in place 44



References 49

Annex 1. Strategy development process 56

Annex 2. Definitions of resistance 62

Annex 3. Threat and potential impact of resistance 64

Annex 4. Detailed resistance driver tree 72

Annex 5. Preliminary country assessment to prioritize interventions 77

Annex 6. Detailed interventions per stakeholder 83



v

Foreword

Dr Tedros Adhanom Ghebreyesus 
Director-General 
World Health Organization

Tackling antimalarial drug resistance in Africa

Artemisinin-based combination therapy (ACT) is the mainstay of malaria care in Africa, where 
the disease is by far the most prevalent. The treatment, introduced in the early 2000s, has 
played a major role in lowering the burden of malaria across Africa over the last two decades.

In recent years, however, WHO has been concerned by reports of emerging drug-resistant 
malaria in South-East Asia, and more recently, in Africa. Parasites in some areas have 
developed partial resistance to artemisinin – the core compound of ACTs – and there are 
worrying signs that they may also be resistant to other drugs that are commonly partnered with 
artemisinin. Vigorous measures are needed to protect their efficacy.

Our experience in South-East Asia shows that it is possible to prevent cases of malaria and 
save lives, even in the face of drug resistance. With strong leadership, sustained financing and 
community engagement, countries of the Greater Mekong have achieved a dramatic reduction 
in malaria incidence over the last 10 years. We’re convinced that the same can be done in 
Africa, with the same level of commitment, energy and momentum.

The strategy in these pages contains recommendations for responding to drug resistance in 
the African region, building on our experience in South-East Asia, and on documents including 
the Global technical strategy for malaria 2016–2030, the Strategy for malaria elimination in 
the Greater Mekong subregion 2015–2030, and the Global action plan on antimicrobial 
resistance (2016).

A top priority is to address gaps in information and data, which blind us to the extent of 
resistance, and which areas and populations need the most attention. Improving data 
collection and dissemination systems will help countries track and respond to drug resistance 
more effectively. Stimulating research and innovation will also be critical to delay the spread of 
resistance to ACTs, and to develop viable alternative treatments.
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Above all, strong health systems are the backbone of any successful response to malaria. 
Investments in primary health care can play a crucial role in addressing people’s health 
needs close to where they live and work while, at the same time, reducing the cost of care 
and enhancing equity.

An estimated 200 million people in Africa will be newly infected with malaria this year alone. 
WHO stands ready to support affected countries and our partners as we work together to 
limit the spread of drug resistance, provide efficacious treatment for all in need, and work 
towards our dream of a malaria-free world.



vii

Acknowledgements

The Strategy to respond to antimalarial drug resistance in Africa was developed by the World 
Health Organization (WHO) Global Malaria Programme in collaboration with the WHO 
Regional Office for Africa and WHO Regional Office for the Eastern Mediterranean.

The work was coordinated by the WHO Global Malaria Programme, with the direct support of 
Boston Consulting Group and funding from the Bill & Melinda Gates Foundation.

WHO would like to thank the leadership team, the members of the workstreams and the many 
individuals that through interviews supported the preparation of this Strategy; as well as the 
many individuals who participated in the open consultation, and the Malaria Policy Advisory 
Group (MPAG) for the review and the comments on the draft document (see Annex 1).



Strategy to respond to antimalarial drug resistance in Africaviii

Abbreviations and acronyms

ACT artemisinin-based combination therapy

COVID-19 coronavirus disease

GDP gross domestic product

GMS Greater Mekong subregion

GFATM Global Fund to Fight AIDS, Tuberculosis and Malaria

GTS Global technical strategy for malaria

HCW health care worker

HRP histidine-rich protein

MPAG Malaria Policy Advisory Group

NMP national malaria programme

PCR polymerase chain reaction

PfKelch13 Plasmodium falciparum Kelch13

RSA ring-stage survival assay

RDT rapid diagnostic test

TACT triple artemisinin-based combination therapy

TES therapeutic efficacy study

WHO World Health Organization



ix

Executive summary

The Strategy to respond to antimalarial drug resistance in Africa is a technical and advocacy 
document, grounded in the best available evidence to date and aimed at minimizing the threat 
and impact of antimalarial drug resistance of Plasmodium falciparum parasites in Africa. Its 
objectives are to: i) improve the detection of resistance to ensure a timely response; ii) delay 
the emergence of resistance to artemisinin and artemisinin-based combination therapy (ACT) 
partner drugs; and iii) limit the selection and spread of resistant parasites where resistance 
has been confirmed. Although the Strategy focuses on Africa, antimalarial drug resistance is a 
threat in all malaria-endemic countries. As such, the interventions highlighted in this document 
could be applied to other geographies, but they would have to be tailored to local specificities.

The Strategy builds on lessons learned from past global plans and complements existing 
strategies, including broader efforts to respond to antimicrobial resistance. Implementing the 
Strategy should not divert resources from other malaria goals. It further builds on priorities 
highlighted in the Global technical strategy for malaria 2016–2030 (1).

Context

Africa bears almost the entire burden of malaria, accounting for 96% of global malaria cases 
in 2020 and 98% of global malaria deaths; poor and vulnerable populations experience the 
highest burden. Children under 5 accounted for about 80% of all malaria deaths in the World 
Health Organization (WHO) African Region in 2020. Although there have been significant efforts 
to tackle malaria in Africa over the last 20 years, progress has stalled and the funding gap 
between calculated needs and funds available has widened in recent years (2). In addition, new 
threats in Africa, such as the emergence of artemisinin partial resistance, have made progress 
difficult.

To treat uncomplicated P. falciparum malaria cases, WHO recommends the use of ACTs. While 
WHO currently recommends six ACTs, the majority of patients in Africa are treated with either 
artemether-lumefantrine or artesunate-amodiaquine.

Artemisinin partial resistance can be defined as delayed parasite clearance after treatment 
with a drug containing an artemisinin derivative. Significant reduction of treatment efficacy has 
not been observed in association with delayed parasite clearance after treatment with a drug 
containing an artemisinin derivative. However, increases in the proportion of parasites carrying 
P. falciparum Kelch13 (PfKelch13) mutations indicate that parasites with this mutation have an 
advantage under current treatment strategies and transmission dynamics; this could be due to 
higher transmissibility or improved fitness.

In the absence of partner drug resistance, delayed clearance after treatment with an ACT does 
not necessarily lead to increased treatment failure rates. However, partner drug resistance 
has been seen to cause treatment failure. Artemisinin partial resistance puts partner drugs 
at greater risk because of the increased numbers of parasites exposed to the partner drug 
alone. Although not confirmed to date, there is also a concern over the potential loss of efficacy 
of artesunate monotherapy for severe malaria cases in the presence of artemisinin partial 
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resistance. Especially in populations with a high level of immunity, PfKelch13 mutations can be 
detected earlier than delayed clearance. Therefore, an increased proportion of parasites with 
PfKelch13 mutations can act as an early warning and warrant a response.

The threat of antimalarial drug resistance in Africa

Recent studies have confirmed the emergence of artemisinin partial resistance in several areas 
of Africa, notably in Rwanda, Uganda and Eritrea. Although resistance to the ACT partner drugs 
currently in use has not been confirmed, there are some worrying signals. Data are lacking 
from several countries and areas, meaning that resistance may be present in other areas. There 
are contradictory findings on ACT efficacy that need to be further assessed, particularly for 
artemether-lumefantrine.

Given the heavy reliance on ACTs in Africa, the threat of artemisinin partial resistance and 
partner drug resistance must be monitored and addressed urgently. The apparent rapid spread 
of some mutations associated with artemisinin partial resistance means that vigorous measures 
must be taken before ACTs start failing in Africa. With no alternative drugs likely to become 
available in the near future, it is essential to preserve the therapeutic lifespan of ACTs.

It should be emphasized that ACTs remain highly efficacious for the time being. However, 
full-blown ACT treatment failure would have tremendous consequences in Africa. Researchers 
at Imperial College London estimated that a scenario with widespread artemisinin partial 
resistance and high partner drug resistance could result in ~16 million additional malaria cases 
and ~360 000 hospitalized severe cases (3). Assuming that a portion of these additional cases 
would lead to additional deaths, this scenario could result in an excess 80 000 deaths per year. 
The yearly economic impact would be US$ 1 billion across the continent in that same scenario.

Drivers of resistance

Understanding the factors that play a role in driving the emergence and spread of resistance 
is critical to effectively respond to the threat of antimalarial drug resistance. A broad literature 
review and consultation process led to the identification of two categories of factors driving 
resistance: background drivers and treatment-related drivers. Background drivers include 
intrinsic factors linked to the parasite, host and drugs used, as well as environmental factors. 
Treatment-related drivers are those affecting how often, at what dose, and for how long a 
parasite population is exposed to a given drug.

This Strategy focuses primarily on identifying practical interventions to address treatment-
related drivers of resistance, while calling for increased research on background drivers. The 
risk of the emergence and spread of resistance increases when a high number of parasites 
are exposed to drugs, when parasites are exposed to one drug only, when parasites are 
exposed to subtherapeutic drug levels, when parasites that are not fully sensitive are more 
likely to be transmitted, and when parasites are exposed to drugs to which they are not fully 
sensitive. Detailed treatment-related drivers of resistance are outlined in Fig. 4 in section 4.3 of 
the document.
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Interventions to mitigate the risks and respond to the emergence 
and spread of antimalarial drug resistance in Africa

The Strategy addresses the threat of antimalarial drug resistance in Africa through four 
pillars. Each pillar consists of a set of interventions (20 in total, see Fig. 6 in section 5.2 in 
the document) that can be implemented at the local, regional and global levels. While 
this Strategy gives a comprehensive overview of the gamut of interventions that can be 
implemented, implementing countries need to tailor the Strategy to their local context. An 
initial country assessment is needed to enable countries to focus on the factors that are most 
likely to drive the emergence and spread of resistance in their context, and to prioritize their 
efforts in responding to resistance.

Pillar I: Strengthen surveillance of antimalarial drug efficacy and resistance

Our ability to respond appropriately and in a timely manner to the spread of artemisinin 
partial resistance and the potential emergence of resistance to partner medicines is hindered 
by the lack of up-to-date information. This information is gathered through efficacy studies, 
surveys and genotyping to evaluate the prevalence of molecular markers of drug resistance, 
and the use of additional tools such as in vitro testing and blood level measurement to confirm 
resistance. However, these efforts are limited by many factors: insufficient capacity, lack of 
funding, limited political commitment and will, non-compliance with standards (or lack of 
standards) and protocols to ensure data of comparable quality, lack of planning to ensure that 
data are available from the areas where they are most needed, and sometimes years of delay 
between data collection and findings being shared with relevant stakeholders. This pillar calls 
for strengthened surveillance capacity, as well as increased technical and laboratory capacity 
to provide expanded coverage of the data on antimalarial drug efficacy and resistance in 
Africa. It builds upon the significant investments already made in regional networks and in-
country collaborations.

Pillar II: Optimize and better regulate the use of diagnostics and therapeutics to limit 
drug pressure through pre-emptive measures

Protecting the efficacy of existing ACTs is an immediate priority. The suboptimal use of existing 
diagnostics and therapeutics can increase drug pressure on the parasite population. From 
a supply perspective, factors such as the inability to enforce stringent regulatory standards, 
the lack of availability of a diversified portfolio of quality-assured drugs at country level, and 
the circulation of substandard or falsified drugs and non-recommended monotherapies 
can increase drug pressure unnecessarily. From a demand perspective, the lack of demand 
for alternative drugs to artemether-lumefantrine and artesunate-amodiaquine, as well as 
the inappropriate use of available antimalarial drugs and diagnostics due to provider or 
patient behaviour could further contribute to the emergence and spread of antimalarial drug 
resistance. This pillar calls for a more deliberate use of diagnostics and antimalarials to reduce 
drug pressure, notably through better adherence to WHO recommendations and full use of 
the diversity of tools available in the set of antimalarial compounds. To ensure the availability, 
affordability and quality of these tools, the global malaria community should use its combined 
market-shaping power to achieve healthier malaria commodity markets, while being mindful 
of the need to promote innovation, in support of African-led efforts.
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Pillar III: React to resistance by limiting the spread of antimalarial drug-resistant 
parasites

Efforts to limit the transmission of malaria will affect both resistant and sensitive parasites. 
However, to limit the risk of resistant parasites being selected and spreading, the focus 
should be on prioritizing optimal vector control and other preventive measures, such as 
chemoprevention and vaccines, in priority areas; restricting transmission from recrudescent 
cases; and limiting any advantage that higher gametocyte carriage could potentially confer 
to resistant parasites. Although the risk in different areas and groups should be assessed and 
is likely to differ by population, country and region, additional resources and efforts should be 
mobilized towards areas where resistance is confirmed, border areas where there is evidence 
of resistance in neighbouring areas, and towards areas with significant inflows of mobile and 
migrant populations from areas with known resistance. Underserved areas and hard-to-reach 
populations (e.g. displaced populations, migrant populations, forest goers) should not be 
omitted. Lastly, promoting collaboration across borders could ensure that resistance detected 
in one country is addressed through a regional response.

Pillar IV: Stimulate research and innovation to better leverage existing tools and 
develop new tools against resistance

An effective response to the threat, limiting the potential impact of antimalarial drug resistance, 
relies on a robust and sustainable pipeline of both therapeutic and non-therapeutic tools. 
According to WHO’s latest World malaria report, funding for malaria-related research 
and development reached just over US$ 619 million in 2020. Between 2021 and 2030, it is 
estimated that an average annual investment of US$ 851 million in research and development 
is needed (2). This pillar calls for innovative approaches to better use current tools, for the 
development of new tools, and for increased modelling and research to characterize resistance, 
its impact, drivers and how corrective interventions might address those drivers. These 
interventions will rely on strong, endemic-country-led collaborations among African regional 
and global research communities and partners to conduct studies and implement pilots in order 
to test new approaches and improve the overall knowledge on malaria drug resistance.

The time to act is now. Antimalarial drug resistance poses a serious threat to achieving 
further gains in the fight against malaria in Africa. In light of recent evidence confirming the 
emergence of artemisinin partial resistance in Africa, the malaria community must act now and 
mount a swift and coordinated response to this major threat.
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1. Introduction

1.1 Purpose of the Strategy

The Strategy to respond to antimalarial drug resistance in Africa is a technical and advocacy 
document, based on the best available evidence. It is an overarching strategy to provide 
guidance to key stakeholders in the malaria community.

The goal of the Strategy is to minimize the threat and impact of antimalarial drug resistance of 
Plasmodium falciparum in Africa. It should be noted that antimalarial drug resistance is a threat 
across all malaria-endemic countries, and that the interventions outlined in this document could 
be applied to other geographies, although they would have to be tailored to local specificities.

The Strategy has three objectives that are instrumental to achieving the goal:

• Improve the detection of resistance to ensure a timely response.

• Delay the emergence of resistance to artemisinin and artemisinin-based combination 
therapy (ACT) partner drugs.

• Limit the selection and spread of resistant parasites where resistance has been confirmed.

To achieve these strategic objectives, factors driving the emergence and spread of resistance 
have been identified. Addressing these drivers will have a direct impact on antimalarial drug 
resistance and improve the overall quality of care.

Finally, the Strategy identifies practical interventions that should be implemented at the global, 
regional and country levels to address the drivers of antimalarial drug resistance.

1.2 Structure of the Strategy

The core document provides a comprehensive overview of the current situation of antimalarial 
drug resistance in Africa, identifies key drivers of resistance and offers a detailed set of 
interventions to respond to the threat of resistance. Chapter 2 describes the context in which 
resistance is being considered. Chapter 3 analyses the current situation in Africa and calls 
stakeholders to action. Chapter 4 looks at the elements that drive the emergence, selection and 
subsequent spread of antimalarial drug resistance. Chapter 5 lists recommended interventions 
to respond to resistance and provides guidance on how to conduct a baseline assessment at 
country level to select the most relevant interventions for each setting. Chapter 6 advocates 
for enabling mechanisms to be in place to facilitate the implementation of the interventions by 
key stakeholders.

Six annexes provide technical content. Annex 1 describes the methodology and process 
involved in the development of the Strategy. Annex 2 includes a list of working definitions 
and technical background on resistance. Annex 3 estimates the health and economic cost 
of inaction. Annex 4 provides a granular view of the treatment-related drivers of resistance. 
Annex 5 guides countries in assessing their starting point in terms of resistance and their health 
system’s maturity. Annex 6 describes how interventions should be addressed by each category 
of key stakeholders.
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2. Context

2.1 The malaria burden in Africa

Malaria is still a major health problem worldwide. Nearly half of the world’s population is at 
risk of being infected with malaria, in 85 endemic countries. According to the World Health 
Organization (WHO) World malaria report 2021, there were an estimated 241 million malaria 
cases and an estimated 627 000 deaths globally in 2020 (2). In addition, there is a vast number 
of asymptomatic malaria cases; these cases contribute greatly to the continuing transmission 
of malaria parasites and can have a negative health impact on those infected (4).

Africa1 bears almost the entire burden of malaria. In 2020, 96% of global malaria cases 
(232 million) were estimated to have occurred in Africa. Five African countries with the highest 
estimated malaria burden accounted for more than half of the malaria cases globally: 
Nigeria (27%), the Democratic Republic of the Congo (12%), Uganda (5%), Mozambique (4%) 
and Angola (3%). Africa also bears almost the entire burden of estimated global malaria deaths 
– at 98% (612 000) in 2020. P. falciparum, the deadliest malaria parasite, accounted for 99.7% of 
malaria cases in the WHO African Region in 2020 (2).

In Africa, the poorest and most marginalized populations are at greatest risk of being infected by 
P. falciparum. Once infected, some population groups are more vulnerable to severe disease and 
death, as they have relatively little immunity against the disease. These groups include children under 
5 years of age, pregnant women, people living with HIV/AIDS and populations with low immunity 
moving to areas with high transmission, such as travellers, migrant workers and mobile populations. 
Children under 5 accounted for about 80% of all deaths in the WHO African Region in 2020 (2,5).

Over the last 20 years, there have been significant efforts to tackle malaria in Africa. Between 
2000 and 2020, a 35% reduction in malaria incidence was achieved (2). Morocco and Algeria 
were certified as malaria-free in 2010 and 2019, respectively.

However, progress has stalled and the funding gap has widened in recent years (2). Even 
before the emergence of the coronavirus disease (COVID-19) pandemic, global gains against 
malaria had levelled off, and the world was not on track to reach the 2020 milestones of the 
Global technical strategy for malaria 2016–2030 (GTS) (1). During the COVID-19 pandemic, the 
situation worsened as many countries experienced disruptions to malaria prevention, diagnosis 
and treatment. Mainly because of these disruptions to services, the incidence of malaria 
increased in 2020. In addition, progress has been made difficult by new threats in Africa, such 
as the emergence of artemisinin partial resistance; spread of parasites that go undetected by 
the most widely used rapid diagnostic tests (RDTs) due to P. falciparum histidine-rich protein 
2 and 3 (Pfhrp2/3) gene deletions; vector resistance to insecticides; and reports from an 
increasing number of African countries of invasion by Anopheles stephensi, an urban malaria 
vector originally confined to Asia. Despite these threats, the funding gap between the amount 
invested and the resources needed has widened dramatically in recent years, increasing from 
US$ 2.3 billion in 2018 to US$ 2.6 billion in 2019 and US$ 3.5 billion in 2020 (2). The emergence 
and spread of antimalarial drug resistance will most likely further increase the need for funding, 
as it may force countries to switch to newer and more expensive products (6).

1 Considering the WHO African Region as well as the WHO Eastern Mediterranean countries on the African continent (Djibouti, Egypt, 
Libya, Morocco, Somalia, Sudan, and Tunisia).
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2.2 ACTs at the heart of the response

There has been widespread antimalarial drug resistance in Africa in the past. In 2001, WHO 
recommended the use of ACTs in countries where P. falciparum malaria was resistant to 
previously efficacious treatments, such as chloroquine, sulfadoxine-pyrimethamine and, to a 
lesser extent, amodiaquine (7, 8).

An ACT consists of a combination of an artemisinin derivative and a partner drug. ACTs are 
recommended for the treatment of uncomplicated P. falciparum malaria. The role of the 
artemisinin derivative is to rapidly reduce the parasite biomass, while the role of the partner 
drug is to eliminate the remaining parasites after artemisinin has been cleared from the 
blood (see Fig. 1). Even if used as a monotherapy, in the absence of resistance, a full dose of 
any partner drug included in the six WHO-recommended ACTs – artemether-lumefantrine, 
artesunate-amodiaquine, dihydroartemisinin-piperaquine, artesunate-mefloquine, 
artesunate+sulfadoxine-pyrimethamine and artesunate-pyronaridine – can clear parasitaemia 
and cure patients. Due to the very short half-life of the artemisinin derivative, the partner 
drug acts as a monotherapy starting shortly after the administration of the last dose of ACT. 
Consequently, ACTs differ from most other combination therapies, in that they include drugs 
with very different pharmacokinetics; accordingly, they could be characterized as artemisinin-
boosted antimalarials.

Figure 1. Evolution of parasite biomass in the body following ACT administration

Artemisinin acts by rapidly
reducing the parasite biomass

Indexed Illustrative

Time

Parasite biomass

1

1 Partner drug eliminates 
remaining parasites

2

Artemisinins in bloodstream Partner drug in bloodstream

2
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While WHO currently recommends six ACTs, the majority of patients are treated with either 
artemether-lumefantrine or artesunate-amodiaquine. Artemether-lumefantrine is the most 
widely used treatment course, representing over 85% of ACTs procured by the Global Fund 
to Fight AIDS, Tuberculosis and Malaria (GFATM), followed by artesunate-amodiaquine 
representing 10% (9). Several factors explain this pre-eminence. Artemether-lumefantrine 
was the first ACT to be developed, and it is the first-line therapy in most African countries. 
Artemether-lumefantrine and artesunate-amodiaquine are the most affordable options, 
at US$ 0.60 and US$ 0.78 per adult treatment course, respectively, versus US$ 2–3 for 
other ACTs (10). Artemether-lumefantrine is also the most accessible ACT, with prequalified 
artemether-lumefantrine being produced by nine suppliers with significant production 
capacity (11).

2.3 Defining and monitoring resistance

There are two main working definitions of resistance:

• Antimalarial drug resistance is defined as the ability of a parasite strain to survive and/
or multiply despite the administration and absorption of a drug given in doses equal to or 
higher than those usually recommended, but within tolerance of the subject.

• Artemisinin partial resistance can be defined as delayed clearance after treatment with 
a drug containing an artemisinin derivative of a parasite strain carrying a particular 
mutation or set of mutations that are validated as associated with this delayed clearance, 
despite the administration and absorption of the drug given in doses equal to or higher 
than those usually recommended, but within tolerance of the subject.

Detailed definitions of antimalarial drug resistance are provided in Annex 2.

Significant reduction of treatment efficacy has not been observed in association with 
changes in P. falciparum sensitivity to artemisinin derivatives. So far, artemisinin partial 
resistance appears to only affect the P. falciparum ring stage, leading to delayed clearance 
of parasitaemia. Consequently, after three days of treatment, a larger biomass remains, 
which must be eliminated by the partner drug. This delayed clearance has been found to 
be associated with P. falciparum Kelch13 (PfKelch13) mutations. However, even in areas of 
high prevalence of PfKelch13 mutations, a seven-day artesunate treatment has shown over 
90% efficacy, suggesting that delayed clearance does not meet the standard definition of 
antimalarial drug resistance (12). The observed delayed clearance is, therefore, termed 
artemisinin partial resistance (see Annex 2). There is no evidence that changes in sensitivity to 
artemisinin derivatives affect any asexual stage other than the ring stage and no evidence of 
artemisinin full resistance, i.e. leading to treatment failure following a full dose of artesunate.

There are indications that PfKelch13 mutations could facilitate the spread of artemisinin 
partial resistance. In the Greater Mekong subregion (GMS), some strains carrying PfKelch13 
mutations associated with partial resistance appear to have an increased capability to 
generate gametocyte carriage (13). This has not been confirmed in Africa; however, the 
increases in the proportion of parasites carrying PfKelch13 mutations now observed in some 
countries in Africa indicate that parasites with this mutation have an advantage under current 
treatment strategies and transmission dynamics; this could be due to higher transmissibility or 
improved fitness.  
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In areas with artemisinin partial resistance, delayed clearance after treatment with an ACT 
does not necessarily lead to an increase in treatment failure rates in the absence of partner 
drug resistance. However, partner drug resistance can cause treatment failure. In the GMS, 
ACTs have remained efficacious despite the presence of artemisinin partial resistance, provided 
that there is no resistance to partner drugs. Artemisinin partial resistance puts partner drugs at 
greater risk by exposing an increased number of parasites to the partner drug alone. As such 
artemisinin partial resistance likely played a role in the rapid spread of resistance to the ACT 
partner drug piperaquine across countries in the GMS. Although not confirmed to date, there is 
also a concern over the potential loss of efficacy of artesunate monotherapy for severe malaria 
cases in the presence of artemisinin partial resistance.

Continuous monitoring is crucial. Therapeutic efficacy studies (TESs) remain the gold standard 
for determining antimalarial drug efficacy. These studies are prospective evaluations of 
patients’ clinical and parasitological responses to treatment for uncomplicated malaria. TESs 
are conducted with a diagnosis validated by microscopy, using a quality-assured treatment 
and supervised drug administration. Despite their limitations, these studies provide decision-
makers with an indication of the efficacy of drugs for treating malaria. To be comparable across 
countries and over time, it is crucial to use standardized protocols. TESs alone are not sufficient 
to confirm drug resistance; this must be confirmed through other means (14):

• Molecular marker analyses (genotypes) identify genetic changes in the parasite genome 
that are associated with a change in parasite susceptibility to antimalarial drugs.

• Ex vivo and in vitro assays (phenotypes) test the sensitivity of fresh or culture-adapted 
parasites to antimalarial drugs by exposing them to different concentrations of a drug 
(typically for 42 hours) or to a pulse of a high concentration of a drug (in ring-stage 
survival assay [RSA]) and observing the effect on parasite survival.

• Measurements of drug levels in the blood allow monitoring of the concentration of drug 
that malaria parasites are exposed to and can help to distinguish whether a treatment 
failure is due to insufficient antimalarial drug exposure or due to resistance.
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3. The threat of antimalarial drug 
resistance in Africa

3.1 Antimalarial drug resistance in Africa

3.1.1 Artemisinin partial resistance in Africa

Evidence of the selection and spread of parasites with partial resistance to artemisinin 
derivatives has been documented in the following areas of Africa (see Fig. 2):

• Rwanda: Two studies conducted by the national malaria programme (NMP) between 
2013 and 2015 reported a clonal expansion of the PfKelch13 R561H mutation, and RSA 
confirmed that this mutation conferred reduced susceptibility to dihydroartemisinin (15). 
However, no evidence of treatment failure rates above 10% for artemether-lumefantrine 
or dihydroartemisinin-piperaquine was reported. In a third study conducted in 2018 with 
the support of the United States Centers for Disease Control and Prevention, expansion 
of the PfKelch13 R561H mutation was confirmed (16). This mutation was associated with 
delayed clearance; nonetheless, artemether-lumefantrine displayed continued excellent 
efficacy. Similarly, a fourth study reported a higher prevalence of the PfKelch13 R561H 
mutation (22%) that was also associated with delayed clearance, but with conserved 
artemether-lumefantrine efficacy (> 94%) (17). This suggests that the partner drugs and 
ACT regimens were still effective in Rwanda at the time of the evaluations.

• Uganda: Surveys reported an elevated prevalence of the PfKelch13 C469Y and A675V 
mutations in multiple districts in northern Uganda (18). More recently, isolates with 
C469Y and A675V mutations were associated with clinical delayed clearance in patients 
who were administered intravenous artesunate followed by artemether-lumefantrine. 
The A675V mutation was also associated with in vitro RSA reduced susceptibility (19). 
Unpublished evidence also shows in vitro reduced susceptibility for C469Y (20). However, 
ACTs remained effective in Uganda at the time of the surveys.

• Horn of Africa: The R622I mutation has been reported in several countries in the Horn of 
Africa, but correlation with delayed parasite clearance has so far only been assessed in 
Eritrea, where this mutation was shown to induce reduced susceptibility to artemisinin 
using RSA in 2019 (Eritrea NMP, unpublished data).

Data are lacking from several countries and areas, meaning that artemisinin partial resistance 
may be present in other areas.
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Figure 2. Countries with more than 5% of parasites with PfKelch13 mutations and main 
mutations identified (2015–2020) (21)

84.7%

85.8%

91.2%

96.3%

15.3%

14.2%

8.8%

3.7%

Rwanda
(n = 425)

Eritrea
(n = 769)

Africa
(n = 18 327)

Uganda
(n = 2 872)

Wild Type Mutations

0.3% 1.8%%5.0 %5.00.6%

10.8% 4.5%

13.9%

3.3% 3% 2.5%

R622I A675VC469Y

R561H

R622I

A675V C469Y

Mutations:

Others

Others

Others

OthersR561H

n = number of samples collected

• Figure 2 describes the prevalence of mutations detected in PfKelch13 genotypes as a 
percentage of the total samples genotyped in the country during the 2015–2020 period.

• The prevalence of mutations varies among countries but also locally within a given country.

• The prevalence of mutations reported at country level is impacted by the location and 
number of studies conducted. Typically, more studies are done in areas where high 
prevalence has previously been detected.

3.1.2 Resistance to ACT partner drugs in Africa

Resistance to currently used ACT partner drugs has not been confirmed despite some worrying 
signals. Significant levels of resistance to an ACT partner drug in the presence of artemisinin 
partial resistance would result in low efficacy of the ACT. Published and unpublished data 
compiled in the WHO database allow for a deep analysis of the efficacy of the main ACTs. 
Results from some studies should be interpreted with caution, as deviations from WHO standard 
protocols can lead to underestimation or sometimes overestimation of the efficacy of some 
ACTs. The conclusions of an analysis of more than 400 studies conducted between 2009 and 
2019 are described in the following paragraphs (14):

• Artemether-lumefantrine: Treatment failure rates greater than 10% after treatment 
with artemether-lumefantrine were reported in several countries in Africa between 
2009 and 2019. Recently, high (i.e. over 10%) treatment failure rates were reported at 
some sites in Angola (22), Burkina Faso (23), the Democratic Republic of the Congo 
(24) and Uganda (25). Concerns were raised about the quality of microscopy in 
Burkina Faso (26). Analysis using a Bayesian algorithm (as for the studies in Angola, 
the Democratic Republic of the Congo and Uganda) is not recommended by WHO 
for reporting treatment outcomes and can, in high transmission settings, yield higher 
treatment failure rates than the 2008 WHO standard polymerase chain reaction (PCR) 
genotyping methodology (updated in 2021 (27)) to distinguish between reinfection 
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and recrudescence after treatment. Moreover, the interpretation of the cause of 
failures is hampered by the lack of lumefantrine drug levels and the lack of predictive 
genotypes for lumefantrine resistance. High failure rates were simultaneously reported 
for artemether-lumefantrine and dihydroartemisinin-piperaquine in Burkina Faso, the 
Democratic Republic of the Congo and Uganda. Lumefantrine and piperaquine cross-
resistance is biologically improbable, putting these results into question. If there is a 
signal of treatment failure for more than one ACT with no biological explanation of the 
associated results, there should be close examination to check whether methodological 
issues potentially confounded the results.

• Artesunate-amodiaquine: Treatment failure rates close to 10% after treatment with 
artesunate-amodiaquine have been identified in two studies conducted in Liberia in 
2017–2018 (28). Additional studies have been initiated to gather further data. Overall, 
surveillance of artesunate-amodiaquine efficacy and amodiaquine resistance has been 
neglected since WHO first recommended ACTs in 2001 and artesunate-amodiaquine 
was introduced.

• Dihydroartemisinin-piperaquine: Except for the studies in Burkina Faso (23) 
and the Democratic Republic of the Congo (24), where treatment failures with 
dihydroartemisinin-piperaquine were systematically associated with treatment failures 
with artemether-lumefantrine (see above), high treatment failure rates after treatment 
with dihydroartemisinin-piperaquine have not been reported in any other African 
countries (noting that dihydroartemisinin-piperaquine is not widely used in Africa), and 
resistance to piperaquine has not been confirmed in Africa.

• Other ACT partner drugs: Very few treatment failures have been reported after 
treatment with artesunate-pyronaridine or artesunate-mefloquine in Africa, although 
there has been minimal drug pressure to date. Resistance to sulfadoxine-pyrimethamine 
is widespread in Africa. Therefore, the use of artesunate+sulfadoxine-pyrimethamine is 
not recommended for the treatment of uncomplicated malaria in Africa. Sulfadoxine-
pyrimethamine, however, is used for chemoprevention, either alone or in combination 
with amodiaquine.

There are contradictory findings that require further assessment regarding treatment failures 
with artemether-lumefantrine, the most commonly used ACT in Africa:

• Some TESs have highlighted signals of high treatment failure rates, as mentioned above; 
however, sometimes studies deviated from WHO protocols.

• During a TES, many confounders may potentially obscure measures of artemether-
lumefantrine treatment failure: poor drug absorption, non-adherence (as the second 
daily dose is often unsupervised), and the short half-life of lumefantrine leading to high 
reinfection rates, with some reinfections potentially misclassified as recrudescence during 
laboratory analysis.

• There have been reports of artemether-lumefantrine treatment failures in travellers 
returning from Africa to Portugal (29), Sweden (30) and the United Kingdom of Great 
Britain and Northern Ireland (31). However, information on lumefantrine blood levels was 
often unavailable, and anecdotal failures in non-immune individuals do not prove the 
existence of drug resistance. In addition, artemether-lumefantrine treatment failures in 
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travellers were successfully cured with a second treatment of artemether-lumefantrine in 
Sri Lanka (32) and Türkiye (33).

• A few reports have shown higher in vitro 50% inhibitory concentrations (i.e. mean drug 
concentration that inhibits 50% of the parasite growth) for lumefantrine; however, the in 
vitro lumefantrine resistance threshold has not been defined and trends are difficult to 
analyse, in part due to limitations in the standardization of the in vitro lumefantrine test.

• High treatment failure rates with artemether-lumefantrine have not been reported in Lao 
People’s Democratic Republic or Myanmar, where artemether-lumefantrine is the first-
line therapy, despite high prevalence of artemisinin partial resistance (34).

3.2 The need for an African-wide strategy

Given the heavy reliance on ACTs in Africa, the threat of artemisinin partial resistance and 
partner drug resistance must be monitored and addressed urgently. The apparent rapid spread 
of some mutations associated with artemisinin partial resistance means that vigorous measures 
must be taken before ACTs start failing in Africa.

There is an urgent need to preserve the therapeutic lifespan of ACTs. Given the current drug 
pipeline outlook, it is unlikely that drugs with a different mechanism of action will become 
available soon, with the most promising non-artemisinin-based combination, ganaplacide-
lumefantrine, in the patient exploratory phase (Phase IIb). Although such a formulation would 
address a situation of artemisinin partial or full resistance, its reliance on lumefantrine poses a 
risk should resistance to that partner drug be confirmed.

ACT treatment failure due to resistance is likely to result in an increased number of cases, 
leading to additional severe cases and ultimately excess deaths. A study by researchers at 
Imperial College London published in 2016 (3) provided preliminary estimates for Africa, 
showing that a scenario with widespread artemisinin partial resistance (54% of infected 
individuals experiencing delayed parasite clearance) and high partner drug resistance (45% of 
treated individuals recrudescing) could result in an additional ~16 million cases per year in 
Africa – a 7% increase in cases compared to a scenario with no resistance. Under the same 
scenario, the additional severe cases derived from the increased transmission were estimated 
at around 365 000 per year. Ultimately, assuming that a portion of these additional cases 
would lead to additional deaths, this scenario could result in an additional 80 000 deaths per 
year, assuming that around 20% of hospitalized severe cases lead to death (see Annex 3). 
Although such a scenario is hypothetical and there are many limitations to the model used, 
this could lead to an economic impact of US$ 1–1.1 billion in additional costs per year across 
Africa. This figure includes the direct health costs that would be borne by individuals and 
health service providers (e.g. additional diagnostic tests and treatments, additional cost for 
inpatient care due to excess severe malaria cases, incremental cost of a new commodity 
following the introduction of a new first-line treatment) and lost productivity (e.g. absenteeism 
in the workplace due to disease burden or the need to care for a sick child, lost productivity 
due to premature death). At the same time, these are conservative estimates, since they do not 
account for the dramatic consequences that resistance would have in other areas, such as the 
impact on economic growth, the long-term effects on children linked to education disruptions 
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and the effect on the population’s overall well-being. Finally, it is likely that population groups 
most at risk of malaria, such as poor, mobile and rural populations, and the most vulnerable 
women and children would be disproportionally affected, further widening the inequality gap.

The Strategy to respond to antimalarial drug resistance in Africa needs to build on lessons 
learned from past global plans and complement existing strategies. These include the Global 
plan for artemisinin resistance containment (35) and the Strategy for malaria elimination 
in the Greater Mekong Subregion (2015–2030) (36), which highlight the need for adequate 
surveillance, strong regional collaboration, involvement of a large panel of stakeholders 
including NMPs and communities, and sustained financing (see Fig. 3). The Strategy also takes 
place within the context of a broader effort to respond to antimicrobial resistance. Strategic 
objectives outlined by the Global action plan on antimicrobial resistance (37) were leveraged in 
the development of the Strategy, including the need to tackle structural issues such as inequity, 
fractured health systems and entrenched poverty, and need to improve awareness and 
understanding of antimicrobial resistance through effective communication, education and 
training. Finally, the Strategy uses key elements of the “High burden to high impact” approach, 
a country-led response, catalysed by WHO and the RBM Partnership to End Malaria, in which 
11 African countries1 actively participate, in addition to India (38).

In the GMS, the initial response to resistance developed into escalated efforts to achieve 
malaria elimination, a goal likely to be reached within the next few years. The scale of the 
challenge and the multitude of different settings in Africa vastly exceed those of the GMS. In 
some countries, elimination may be a feasible short-term goal, either nationwide or at the 
subnational level. However, in many countries, the near-term goal needs to be the optimization 
and expansion of activities based on the interventions outlined in this Strategy.

This Strategy should not divert resources away from efforts on other malaria goals. This 
Strategy further builds on the priorities highlighted in the GTS: the need to protect the efficacy 
of ACTs and develop new non-artemisinin-based combinations (1). It will also contribute to 
broader malaria control objectives by ensuring access to malaria prevention, diagnosis and 
treatment as part of universal health coverage. 

1 Burkina Faso, Cameroon, Democratic Republic of the Congo, Ghana, Mali, Mozambique, Niger, Nigeria, Uganda and the United 
Republic of Tanzania, with the addition of Sudan in April 2022.
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Figure 3. High-level learnings from the response to resistance in the GMS

Adequate 
surveillance

• Surveillance has been a top priority, from increasing surveillance 
of antimalarial drug efficacy and resistance to strengthening 
overall malaria surveillance of drug quality, number of cases 
and deaths.

• Various tools have been leveraged, from app enabling collection 
of real-time data to the implementation of a regional malaria 
elimination database.

Regional  
collaboration

• A coordinated response towards the fight against malaria has been 
encouraged between countries, for instance through regional grants 
and sharing of best practice and strategies.

• Cross-border interventions have been fostered to target hard-to-
reach populations and foci of resistance, such as mobile populations 
in forested and remote areas.

Involvement 
of a large 
panel of 
stakeholders

• Coordination between a large panel of stakeholders has been 
promoted: funders, multilateral agencies, technical partners, 
academia and researchers, private sector, governments and 
communities have been enrolled in the strategy, through region-wide 
initiatives and dedicated steering bodies (e.g. the Mekong Malaria 
Elimination programme).

Community 
involvement

• Building community malaria networks, by leveraging village 
and mobile malaria workers has been crucial in implementing the 
strategy and reaching populations at risk of resistance.

Financing • A well funded approach is key to financing broad and innovative 
interventions, such as intensive training and procurement of 
commodities, in order to foster coordination between countries, 
fund operational research, and so on.
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4. Drivers of resistance

4.1 Overview of drivers of resistance

Effectively responding to the threat of antimalarial drug resistance requires an understanding 
of the factors that play a role in driving the emergence and spread of resistance. The 
emergence of drug-resistant parasites happens in two stages: first, the initial random genetic 
event that makes a parasite less sensitive to a drug, and second, the survival, selection and 
subsequent spread of parasites carrying one or more mutations that provide some degree of 
protection from the effect of a drug.

The role the different factors play in driving the emergence, selection and spread of resistance 
will vary by drug and context. There is good consensus on the factors that may drive the 
emergence and spread of resistance, but knowledge of their relative importance is limited by 
the lack of available data and evidence.

A broad literature review and consultation process led to the identification of two categories 
of factors driving resistance: background drivers and treatment-related drivers (see Fig. 4 and 
Annex 4). Background drivers include intrinsic factors linked to the parasite, host and drugs 
used, as well as environmental factors. Treatment-related drivers are those affecting how 
often, at what dose, and for how long a parasite population is exposed to a given drug.

This Strategy focuses primarily on identifying practical interventions to address treatment-
related drivers of resistance, while calling for increased research on background drivers. An 
initial country assessment is needed to enable countries to focus on the factors that are most 
likely to drive the emergence and spread of resistance in their context, and to prioritize their 
efforts in responding to resistance (see Annex 5).

4.2 Background drivers of resistance

Parasite genetic background can influence the degree to which a mutation affects drug sensitivity 
and the likelihood that the mutation will spread (39). Certain genetic backgrounds or additional 
mutations can improve resistant parasites’ ability to compete with other parasites, even in the 
absence of drug pressure. Consequently, the effect and potential for spread of a mutation can differ 
between P. falciparum parasite strains from Africa and those from other malaria-endemic regions.

The level of transmission could impact the risk of spread (40). Higher malaria transmission 
results in many strains circulating in a population and a higher chance of mixing genetic 
material during a parasite’s sexual reproduction. Therefore, higher malaria transmission 
increases the risk that some potential background resistance mutations will be lost and 
increases the competition with other parasite strains. Additionally, populations living in higher 
transmission areas have some level of acquired immunity, meaning that the host is better able 
to eliminate parasites regardless of the level of drug resistance (41).

A range of additional setting-specific factors affect the emergence and spread of resistance. 
These factors include human migration from areas with resistance, the ability of local 
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mosquitoes to spread the resistant strain (42), and climate change, which alters temperature, 
humidity and rainfall, potentially shifting the geography and seasonality of transmission (43).

4.3 Treatment-related drivers of resistance

Drug pressure drives the selection and spread of resistant parasites. Malaria parasites are 
exposed to different antimalarial drugs that are intended to cure patients by eliminating the 
parasites. However, continuous or repeated exposure to a drug can select parasites with 
reduced susceptibility to the drug in subsequent administrations. Drug pressure depends on 
the proportion of overall malaria infections that are treated and the rate at which people 
use antimalarial drugs. The exposure of a parasite population to drugs depends on a range 
of issues, including access to quality diagnosis and treatment, and other use of antimalarial 
drugs such as for chemoprevention. Chemoprevention strategies can impact resistance and 
select parasites that are less sensitive to the drug used for chemoprevention. This impact will 
depend on the drugs used, the prevalence of resistance, the epidemiology and health system of 
the target area, the population covered, and the quality of the chemoprevention intervention. 
Chemoprevention with a drug not used for treatment could potentially decrease the risk of 
losing treatment drugs to resistance. However, the key challenge in the use of chemoprevention 
as part of a resistance strategy is the few drugs available.

Pressure on a parasite population from a drug increases the risk of selection and spread 
of parasites resistant to that drug (42). When a parasite population is mainly exposed to 
one drug, the competitive advantage of having resistance to that drug and thus the risk of 
selection increases. In the past, uncomplicated P. falciparum was treated with chloroquine and 
sulfadoxine-pyrimethamine. Resistance to these drugs spread globally, reaching very high 
levels of prevalence. Although the current recommendation is treatment with an ACT combining 
an artemisinin component and a partner drug, this recommendation is sometimes not followed, 
meaning that some patients are still treated with monotherapies. Furthermore, while the ACT 
is a combination of two drugs, the partner drug is alone in the blood for an extended period of 
time after the short-acting artemisinin component has been cleared.

Exposing parasites to subtherapeutic drug levels is thought to be an important selective force 
in the spread of resistance (42). Subtherapeutic drug concentrations in the blood allow resistant 
infections to be maintained and transmitted. The exposure of parasites to subtherapeutic 
drug concentrations can be caused by a variety of factors, including the use of substandard or 
falsified drugs, use of non-pharmaceutical forms of Artemisia such as Artemisia tea (44), poor 
compliance with treatment regimens or suboptimal dosing of an antimalarial drug.

Resistance can spread when parasites with reduced drug sensitivity are significantly more 
likely to be transmitted. This can happen when parasites with reduced drug sensitivity cause 
recrudescence (45) and are subsequently transmitted, or when parasites with reduced drug 
sensitivity have increased gametocyte carriage (13).

Exposing parasites to drugs to which they are not fully sensitive enables the parasites to 
multiply and be transmitted. Delays in detecting resistance and in responding to this problem 
by changing the treatment policy enable resistant parasites to spread and reach high levels 
of prevalence.
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Figure 4. Drivers of resistance
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5. Interventions to mitigate 
the risks and respond to the 
emergence and spread of 
antimalarial drug resistance 
in Africa

This regional Strategy addresses the threat of antimalarial drug resistance in Africa through 
four pillars (see Fig. 5):

I. Strengthen surveillance of antimalarial drug efficacy and resistance.

II. Optimize and better regulate the use of diagnostics and therapeutics to limit drug 
pressure through pre-emptive measures.

III. React to resistance by limiting the spread of antimalarial drug-resistant parasites.

IV. Stimulate research and innovation to better leverage existing tools and to develop new 
tools against antimalarial drug resistance.

Each pillar consists of a set of interventions that can be implemented at the local, regional and 
global levels (see Fig. 6). The relevance of each intervention to address the drivers of resistance 
has been assessed through a broad consultation process.

Although this Strategy is applicable to the wider population of Africa, there is no one-size-fits-
all recipe for success. While this document gives a comprehensive overview of the interventions 
that could be leveraged, the outcome of an intervention will vary depending on the 
implementation setting. It should also be noted that the interventions outlined in this document 
could be applied to other malaria-endemic regions.

Therefore, the immediate next step should be for each country to conduct an assessment of its 
current situation and, based on the results of the assessment, to use the Strategy to guide the 
development of recommendations tailored to the local context, with the support of global and 
regional stakeholders. An initial country assessment is required to prioritize the interventions, 
and estimate the resources and changes required to implement this Strategy in a given setting. 
Details of this assessment are included below in section 5.1 and in Annex 5. The resulting 
recommendations may be included in broader national strategic plans for malaria and/or 
antimicrobial resistance action plans.

Key enabling mechanisms will be needed at all levels to ensure the feasible, impactful and 
sustainable implementation of each intervention. These mechanisms are further detailed in 
Chapter 6.

Countries should monitor and evaluate their implementation of the Strategy. Countries will 
need to define indicators and targets as part of the development of recommendations in order 
to monitor the implementation of the Strategy. Responding to antimalarial drug resistance 
should be a continuous process that will require adjustments based on lessons learned and 
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the latest evidence collected. A robust surveillance system, including surveillance of both 
antimalarial drug efficacy and resistance, and routine surveillance (see Chapter 6), will inform 
the need and the extent of implementation.

Although each country will have to perform a detailed analysis of its own starting point, some 
high-level guidance can be provided based on whether artemisinin partial resistance and/
or partner drug resistance is confirmed or suspected. In the event of confirmed resistance, 
immediate efforts should be focused on i) assessing the extent of the problem by strengthening 
and expanding drug efficacy surveillance coverage for both artemisinin and partner drugs; 
ii) if partner drug resistance has been confirmed, ensuring continued efficacy of malaria 
treatment by rapidly switching to a second-line ACT if treatment failures are above a 10% 
threshold and by ensuring that health care workers (HCWs) are properly trained to use 
the new drug; and iii) limiting the onward transmission of drug-resistant parasites using 
both pharmacological and non-pharmacological tools. These reactive measures should 
be considered priorities that can then be complemented by additional, more advanced 
interventions based on resource availability. Countries with no confirmed resistance should 
strengthen drug efficacy and resistance monitoring and implement pre-emptive measures that 
will limit unnecessary drug pressure and thus delay the emergence of resistance.

Figure 5. High-level framework of the Strategy: preliminary assessment, strategic pillars 
and enablers
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5.1 Preliminary assessment to prioritize interventions

To translate the Strategy into recommendations tailored to the local context, countries should 
undertake an initial assessment of the elements described below. The assessment can be based 
on information from routine surveillance, surveys and interviews with key stakeholders, but also 
on the use of in-country consultants or standardized data collected. Where no information is 
available, data collection can be incorporated into the proposed activities prioritized as part of 
a country’s national action plan to progressively better target interventions.

I II III IV
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The assessment should focus on three main areas: status of resistance and epidemiology, 
drivers of resistance, and overall health and regulatory systems. Annex 5 details two levels of 
the assessment: a first level with only critical data to be collected, and a second level with a 
more comprehensive set of elements to be included, if there are sufficient resources.

1. Status of resistance and epidemiology
The assessment should include the following priority elements:

• Determine the status of antimalarial drug efficacy and resistance, and data 
availability: a review of efficacy and resistance surveillance data in the target country, 
as well as in neighbouring countries, is the starting point for this assessment. Identifying 
high-priority areas with no recent data will inform the need for further studies.

• Identify the main characteristics of in-country malaria epidemiology: factors such as 
the patterns of malaria transmission, parasite species, vector species and characteristics 
of the human population (e.g. levels of immunity) should be assessed.

• Analyse the mobility of the human population: understand human population 
movements and migration patterns.

2. Drivers of resistance
The assessment should include the following priority elements:

• Understand the in-country availability and use of drugs: analysis of access, current 
behavioural drivers of both patient and care provider choices, and patterns of drug and 
diagnostic use is required to design interventions to address these issues.

• Assess adherence to treatment guidelines: care providers’ access to key resources for 
malaria case management (e.g. national treatment guidelines) and their knowledge and 
understanding of the treatment guidelines should be assessed.

3. Strengths and weaknesses of the health and regulatory systems
The feasibility and impact of each intervention will depend on the capabilities and resources 
available in each country, such as the amount of funding and human resources available, 
and on the capacity of each country to identify potential roadblocks, leverage past successes 
and existing opportunities, and implement change. Analysis of the strengths and bottlenecks 
should be based on past and ongoing experiences in implementing malaria interventions. 
Elements that need careful assessment include the following:

• Strengths of the health and regulatory systems: assess the health system structure and 
the institutional capacity to enforce national policies and regulations, as these will play a 
key role in defining the feasibility and impact of each intervention.

• Gaps between the plans developed by the NMP and their effective implementation: 
identify the bottlenecks that have hindered past or ongoing implementation of 
interventions to fight malaria (e.g. obstacles to the withdrawal of monotherapies).

• Synergies with other strategies and global plans: identify interventions that are already 
being deployed within the framework of other strategies, such as the Global action plan 
on antimicrobial resistance (37), which could be beneficial and further leveraged to 
respond to antimalarial drug resistance (e.g. raising awareness, training).



Strategy to respond to antimalarial drug resistance in Africa18

5.2  Interventions to address key drivers of antimalarial 
drug resistance

The following section provides more details on each pillar. Although most of the interventions 
could be deployed widely, in light of the threat of resistance, increased efforts should be 
focused on areas and populations that are deemed at higher risk of developing resistance. 
Once specific groups and areas have been identified, additional funding and resources should 
be dedicated to reaching them.

Figure 6. Twenty interventions clustered into the Strategy’s four pillars to address resistance
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5.2.1. Pillar I: Strengthen surveillance of antimalarial drug efficacy and resistance

Our ability to respond appropriately and in a timely manner to the spread of artemisinin 
partial resistance and the potential emergence of resistance to partner medicines is 
hindered by the lack of available information. Information is gathered through efficacy 
studies, surveys and genotyping to evaluate the prevalence of molecular markers 
of drug resistance, and the use of additional tools such as in vitro testing and blood 
level measurement to confirm resistance. However, these efforts are limited by many 
factors: insufficient capacity, lack of funding, limited political commitment and will, 
non-compliance with standards (or lack of standards) and protocols to ensure data of 
comparable quality, lack of planning to ensure that data are available from the areas 
where they are most needed, and sometimes years of delay between data collection and 
findings being shared with relevant stakeholders.

This pillar calls for strengthened surveillance capacity, as well as increased technical 
and laboratory capacity to provide expanded coverage of the data on antimalarial drug 
efficacy and resistance in Africa. It builds upon the significant investments already made 
in regional networks and in-country collaborations. Four key interventions to address the 
challenges have been identified. They have country, regional and global components 
and will need to be prioritized based on the assessment of the current local drug efficacy 
and resistance situation, data and resource availability.

Pillar I – Intervention 1 | Enhance capacity and capabilities to generate better quality 
and standardized data on antimalarial drug efficacy and parasite resistance

Underlying issue

There is a lack of available, good-quality data on antimalarial drug efficacy and resistance in 
many areas of Africa. The low quality and limited standardization of collected data hinder the 
effectiveness of the surveillance and response to resistance. For example, TESs are sometimes 
not conducted according to WHO standard protocols, which has resulted in the need to repeat 
some studies in the past (46). In addition, there is insufficient capacity to conduct genetic 
and pharmacokinetic studies. The establishment of a strong resistance surveillance in Africa, 
including adequate protocols, external quality assessment systems, laboratory capacity and 
data analytics, faces several challenges.

Suggested interventions

Promote adherence to standard TES protocols: producing standardized data of comparable 
quality requires adherence to WHO standard TES protocols, available on the WHO Global 
Malaria Programme website (47). To conduct quality TESs, ministries of health and research 
institutes must be supported through continuing training, including for microscopists. 
Supervision and quality control around microscopy, data entry and classification should 
be strengthened to ensure that WHO protocols are followed. All TESs must be done with 
preferably prequalified drugs or quality-controlled. In addition, the analysis of known 
molecular markers of antimalarial drug resistance (see list provided in the WHO Report on 
antimalarial drug efficacy, resistance and response: 10 years of surveillance (2010–2019) 
(14)) should be systematically included in TES protocols. When frequent treatment failures are 
detected in a good-quality study, additional TES studies are rapidly needed, including the 
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collection of information on drug levels in the blood on day seven, especially for lumefantrine 
(see section 3.1) as set out in the TES protocol (48). A major challenge in high transmission 
settings is to correctly distinguish recrudescence from new infection. A possible strategy in sites 
located in high transmission settings where high failure rates have been reported is to provide 
insecticide-treated nets and topical repellents for patients enrolled in TESs to limit the risk of 
reinfection. Nevertheless, reinfections can provide valuable information on the prophylactic 
effect of an antimalarial drug, which starts to decline when susceptibility to the drug is 
decreasing. Reinfections could be considered early signals of emerging resistance, with the 
limitation that these signals should be interpreted based on the drug’s half-life (49).

Set up or reinforce laboratories for genomic and pharmacokinetic studies: current investments 
to build strong genomic expertise in Africa through knowledge sharing and dedicated training 
programmes should be pursued, building on currently funded initiatives. Similarly, additional 
investments are also needed for increasing laboratory capacity for accurate measurement of 
antimalarial drug concentrations. Regional reference centres should be considered, using the 
experience gained during the COVID-19 pandemic. These regional reference centres would 
increase the capacity, quality and timeliness of PCR correction and surveillance of molecular 
markers, as well as measurements of drug levels in blood. They could conduct analyses for 
countries lacking internal capacity and act as training centres for neighbouring countries. 
Finally, strong quality control systems among laboratories are needed. Field specimens, control 
strains, and a mixture of both could be cross-analysed by the reference laboratories.

Although in vitro/ex vivo studies can be useful tools in the absence of confirmed molecular 
markers, setting up dedicated laboratories at the national level, conducting external quality 
control and sharing blood samples will raise specific issues.

Address procurement challenges: increased effort and additional financing are needed to 
address the procurement challenges linked to the establishment of an efficient surveillance 
system. Global and regional stakeholders should investigate ways to reduce delays in 
supplying surveillance commodities such as primers or consumables (e.g. through faster 
customs clearance, customs tax exemptions) and to improve the affordability of African-
sourced supplies.

Pillar I – Intervention 2 | Increase coverage of surveillance systems for efficacy and 
resistance

Underlying issue

The currently insufficient coverage of TESs limits the knowledge available on delayed clearance 
of parasites following ACT treatment and on ACT treatment failures. According to the WHO 
Malaria Threats Map, 18 endemic African countries have not conducted or shared TES results 
since 2017 (21). The number and coverage of sentinel sites is constrained by limited funding 
and political attention, and by the lack of studies in hard-to-reach communities and lower 
transmission areas. Information on molecular markers plays an important role in tracking 
resistance and should be leveraged to detect early warning signals.



21

Suggested interventions

Review and potentially reconsider the number of sites per country to conduct TESs: the current 
recommendation is to conduct TESs at least every two years at each site for first- and second-
line drugs. Although no definitive scientific advice can be given about the number of sites 
needed per country, experience suggests that ideally four to eight sites, depending on the 
country’s size, will strike a balance between representativeness and practicality. In defining 
the number of sites, programme managers should consider the country’s geographical size, 
population distribution and density, malaria epidemiology or ecology, and other factors 
deemed important by the programme. It is critical to select a “manageable” number of sites to 
ensure proper monitoring and supervision (50). Based on the number and location of existing 
sites, countries should look at intensifying surveillance activities in areas where data are lacking 
or where the risk of resistance is considered high, for instance areas with an influx of migrants 
from areas with known resistance. Studies done in populations with partial immunity can result 
in higher efficacy estimates and lower delayed clearance. TESs should, therefore, aim to enrol 
populations with no or limited immunity, such as children under 5 years of age.

Collect information on molecular markers: in addition to systematically including molecular 
markers in TESs, further surveys of molecular markers should be done independently, as such 
surveys can be conducted more easily and frequently than TESs. Although there is a lack of 
confirmed molecular markers of resistance for most partner drugs used in Africa, available 
molecular markers should be used as early warning signals and as tools for tracking the spread 
of resistance once it has emerged. Surveys should also be leveraged to collect information on 
additional markers, such as Pfhrp2/3 deletions.

Pillar I – Intervention 3 | Increase collection of additional, more detailed data at select 
sites

Underlying issue

The collection of standard TES data (i.e. evidence of treatment failure or delayed clearance) 
is not always sufficient to confirm resistance. For instance, identifying new molecular markers 
will require a correlation between clinical, in vitro and genetic evidence. This calls for increased 
data collection during TESs in select sites, combining in vivo, in vitro and pharmacokinetic 
studies with good longitudinal data over time.

Suggested intervention

Collect additional data from select sites: such an increase in the depth of resistance 
surveillance should be considered preferably in sites where an academic institution can 
support its development. At these sites, additional resources and capacity should be dedicated 
to performing, consistently and over space and time, a broad spectrum of tests in addition to 
TESs: molecular markers, in vitro resistance studies (i.e. phenotyping assays), drug levels in the 
blood, and monitoring trends.
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Pillar I – Intervention 4 | Improve data dissemination systems to facilitate a reactive 
and coordinated response to resistance data

Underlying issue

A reactive and coordinated response requires consistent and timely sharing of information 
within and among countries. However, data are not systematically made available to NMPs; 
sometimes years of delay occur between data collection and results being published and 
made available to NMPs. Different networks have been built to facilitate data sharing, but their 
sustainability needs to be ensured.

Suggested interventions

Re-establish or strengthen subregional networks of antimalarial drug resistance and efficacy 
surveillance: these networks should facilitate transparent communication of data on drug 
efficacy and resistance, and, to ensure coordination and sustainability, they should leverage 
WHO’s experience as Secretariat for similar networks, such as the Horn of Africa Network for 
Monitoring Antimalarial Treatment (51) or the Greater Mekong subregion Therapeutic Efficacy 
Study Network (52).

Collate data into a worldwide data repository: data on antimalarial drug efficacy and 
resistance should be collated into a single repository to enable visibility on and access to 
resistance trends worldwide. WHO should be leading and coordinating this effort. To this 
end, country, regional and subregional networks should more systematically share data with 
WHO to inform the Malaria Threats Map (21). This Strategy calls for strengthening the existing 
system, as the database already consolidates data on parasite drug efficacy and resistance, in 
addition to data on insecticide resistance in malaria vectors, parasite Pfhrp2/3 gene deletions, 
and invasive anopheline vectors. Currently, data are submitted by Member States, academia, 
research institutions and WHO partners, or are extracted from scientific publications.

Leverage in-country working groups: at country level, NMPs should leverage existing working 
groups or build dedicated ones to collect, analyse and discuss data, and to ensure that reactive 
measures are taken in response to high treatment failures reported in TESs. The working 
groups should include a diverse panel of stakeholders, such as researchers, academics, care 
providers, representatives of the ministry of health, and civil society, with the breadth of scope 
defined by each country.

5.2.2. Pillar II: Optimize and better regulate the use of diagnostics and therapeutics 
to limit drug pressure through pre-emptive measures

Protecting the efficacy of existing ACTs is an immediate priority. The suboptimal use 
of existing diagnostics and therapeutics can increase drug pressure on the parasite 
population. From a supply perspective, factors such as the inability to enforce stringent 
regulatory standards, the lack of availability of a diversified portfolio of quality-
assured drugs at country level, and the circulation of substandard or falsified drugs 
and non-recommended monotherapies can increase drug pressure unnecessarily. 
From a demand perspective, the lack of demand for alternative drugs to artemether-
lumefantrine and artesunate-amodiaquine, as well as the inappropriate use of available 
antimalarial drugs and diagnostics due to provider or patient behaviour could further 
contribute to the emergence and spread of antimalarial drug resistance. 
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This pillar calls for a more deliberate use of diagnostics and antimalarials to reduce 
drug pressure, notably through better adherence to WHO recommendations and full 
use of the diversity of tools available in the set of antimalarial compounds. To ensure 
the availability, affordability and quality of these tools, the global malaria community 
should use its combined market-shaping power to achieve healthier malaria 
commodity markets, while being mindful of the need to promote innovation, in support 
of African-led efforts. Seven interventions to address these challenges have been 
identified. The prioritization of these interventions should be based on each country’s 
baseline assessment in terms of treatment policy and enforcement capacity, access, 
availability and use of diagnostics and drugs, and current behavioural drivers of care 
provider and patient choices.

Pillar II – Intervention 1 | Develop national treatment policies that promote deliberate 
use of existing treatments to prevent and react to the emergence and spread of 
resistance

Underlying issue

Not all national treatment guidelines in Africa systematically recommend different ACTs for 
first- and second-line treatment of uncomplicated P. falciparum cases. For first-line treatment, 
there is an over-reliance on a limited number of ACTs in Africa, increasing the risk of the 
emergence and spread of partner drug resistance. For second-line treatment, when countries 
do not include a different ACT in their guidelines, patients with recurrent infections (potentially 
recrudescent infections) are likely to be treated with the same drug again. The continued use of 
failing ACTs can exert additional selective pressure on malaria parasites, increasing the risk of 
transmitting parasites with reduced drug sensitivity.

Additionally, although the private sector is often the first place that many patients go to seek 
treatment for febrile illness, it is often poorly regulated and unsupervised. This leads to non-
compliance with national policies and guidelines. There is often no clear guidance or policies to 
support collaboration between the public and private sectors (53).

Suggested interventions

Include different ACTs for first- and second-line treatment of uncomplicated P. falciparum 
cases in all national treatment policies.

Develop and regularly update detailed national treatment guidelines: the guidelines should 
take into account the latest evidence on local antimalarial drug efficacy and resistance 
patterns and health system capacities, as recommended by the GTS (1). Additionally, regional 
patterns of resistance and drug use should be considered when developing a national 
treatment policy. As a pre-emptive measure to delay the emergence and spread of partner 
drug resistance, countries could consider adding alternative ACTs recommended by WHO to 
their national treatment guidelines. For new ACTs to be introduced into national policies, they 
should have over 95% efficacy, as demonstrated through therapeutic efficacy monitoring. 
For ACTs already recommended in the guidelines, a significantly declining trend in treatment 
efficacy over time, even if failure rates have not yet reached the 10% cut-off as per the 
WHO Guidelines for malaria (54), should alert programmes to undertake more frequent 
monitoring and to prepare for a potential policy change. To this effect, and in line with the 
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GTS recommendations (1), countries should pre-plan for a rapid treatment policy change, 
with the support of global partners including funding agencies and donors, to avoid delays 
when switching to another ACT. Once it has been confirmed that the failure rate is over 10% 
in quality-controlled studies using the WHO protocols, the treatment policy change should be 
implemented to ensure that patients receive efficacious treatment and to prevent the further 
spread or increase of any resistance.

Review and revise country policies and regulations to support and promote the 
implementation of appropriate case management across health sectors, with an intensified 
effort towards the private sector (52): there should be clarity and consistency of policies and 
regulations regarding where antimalarials can be accessed and who can prescribe and/
or sell them, as well as where and by whom RDTs can be performed, taking into account 
patient care-seeking practices. Where possible (e.g. in the presence of a well structured 
private sector), national policies should be disseminated and promoted to non-public 
providers. Policy-makers and regulators should also be aligned on the technical specifications 
required for health products (diagnostics and medicines) (53). There should be robust 
supervision and enforcement of existing and new regulations, supported by training and 
follow-up programmes.

When conducting mass drug administration and chemoprevention strategies this should be 
done with drugs that differ from those used for treatment: in a given country, there should 
be no or limited use of the drugs or long-acting components of existing first- or second-line 
treatment in the regimens used for mass drug administration or chemoprevention strategies.

Pillar II – Intervention 2 | Promote the availability of a diversified drug portfolio in 
countries

Underlying issue

A diversified drug portfolio and production capacity, especially in endemic countries, 
is needed to limit the reliance on a few drugs and manufacturers. This will ensure that 
alternative ACTs are available and countries are able to use all ACTs recommended in their 
national treatment guidelines. However, the diversity of antimalarial drugs available globally 
is not necessarily reflected in the drugs available in countries in Africa. The higher cost of 
ACTs other than artemether-lumefantrine and artesunate-amodiaquine and the logistical 
challenges of managing a second-line treatment have resulted in a lack of demand for 
alternative treatments (see Box 1). Lack of demand can hinder supply and generate a vicious 
cycle that leads to a limited number of suppliers for alternative WHO-prequalified ACTs, 
such as artesunate-pyronaridine and dihydroartemisinin-piperaquine. To date, there is only 
one supplier producing prequalified artesunate-pyronaridine, one producing prequalified 
artesunate-mefloquine and two producing prequalified dihydroartemisinin-piperaquine (11). 
This limited number of manufacturers increases the vulnerability of countries should 
resistance to partner drugs such as lumefantrine or amodiaquine be confirmed in Africa. 
In addition to limited production, problems along the supply chain, such as stockouts, limit 
access to quality treatment (55). Poor country preparedness to rapidly introduce new drugs 
can impede a prompt and efficient response to the loss of an ACT’s efficacy.
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Box 1. Forecasted donor-funded ACT procurement by drug (2021–2024), Clinton Health 
Access Initiative (56)

Figure 7 shows that artemether-lumefantrine is expected to maintain 77–88% of the market 
share. Artesunate-amodiaquine volumes are expected to remain the second highest for 
ACTs. Dihydroartemisinin-piperaquine and, to a greater extent, artesunate-mefloquine and 
artesunate-pyronaridine volumes are projected to stay marginal in the short term.

Figure 7. Donor-funded ACT procurement from 2021 to 2024
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Suggested interventions

Streamline local registration of ACTs: beyond continued research into new treatments, it is 
important to ensure that the drugs currently available globally are also available in-country 
when needed. An important step towards building a diversified portfolio in-country is the 
promotion of ACT registration by national regulatory authorities. Countries should streamline 
their internal processes, for instance by creating expedited registration pathways for products 
that are already prequalified by WHO, to reduce time to marketing authorization (57). Globally, 
a concerted effort should be aimed at reducing the overall timelines for the introduction of new 
products – from inclusion in WHO guidelines to in-country roll-out.

Address production capacity issues: as for the most used treatments, artemether-lumefantrine 
and artesunate-amodiaquine, production capacity is geographically consolidated far from 
where the drugs are consumed, creating inefficiencies that can compromise the timely supply 
of treatments. Countries should seek to reduce their vulnerability to global supply chain 
disruptions – as highlighted by the significant disruptions experienced during the COVID-19 
pandemic. Therefore, diversifying production capacity, for instance by increasing production 
capacity in Africa, should be considered to ensure the availability of these treatments. The 
significant volumes procured should also be leveraged to further shape markets (see Box 2), for 
example by directing volumes to local manufacturers and ensuring that the market is not too 
fragmented so that price-breaking volumes can be achieved across multiple manufacturers. 
In addition to guaranteeing sustainable production of existing ACTs, this should also incentivize 
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innovation to develop new medicines. However, this diversification might bring some 
challenges, such as higher costs (e.g. lower volumes, tariffs on imported active pharmaceutical 
ingredients, export taxes, limited infrastructure) and the need to ensure that international 
quality standards are met. Therefore, such efforts should be further analysed and discussed 
among relevant stakeholders. The lack of demand for other ACTs has resulted in a very limited 
number of manufacturers producing these alternative treatments. To encourage an increase in 
production capacity, the global malaria community should work to ensure sufficient demand 
for treatment alternatives to artemether-lumefantrine and artesunate-amodiaquine, starting 
by ensuring that ACTs are recommended and procured as second-line treatments.

Box 2. Market-shaping implications

Equitable access to quality and affordable therapeutics and diagnostics is a key requirement 
not only to ensure good malaria care, but also to prevent the emergence and spread of 
resistance. While the WHO Guidelines for malaria (54) currently recommend six different 
ACTs, artemether-lumefantrine and artesunate-amodiaquine represent the bulk of ACTs 
procured through pooled procurement channels (85% and 15% of GFATM Pooled Procurement 
Mechanism orders, respectively). There is a global need for widely available and affordable 
alternative treatments to artemether-lumefantrine and artesunate-amodiaquine, not 
only as a preventive measure to diminish drug pressure, but also as a reactive measure to 
enable countries to rapidly switch first- or second-line treatments in the event of suspected 
or confirmed partner drug resistance. The uptake of alternative treatments, such as 
dihydroartemisinin-piperaquine or artesunate-pyronaridine, is hampered by several market 
challenges, such as high prices, limited demand and few suppliers, resulting in a vicious circle 
of limited supply and demand. 

On the diagnostic front, since parasites with dual Pfhrp2 and Pfhrp3 gene deletions have 
been reported, there is a need for non-HRP2-only RDTs, for instance RDTs targeting the 
Plasmodium lactate dehydrogenase protein, alone or in combination with the HRP2 protein. 
HRP2 RDTs still represent the vast majority of the malaria RDT market, with limited options for 
combination Plasmodium lactate dehydrogenase + HRP2 RDTs. Additionally, the malaria RDT 
market faces multiple challenges, as it is extremely concentrated and heavily commoditized, 
with limited space for innovation. Focusing on these two product categories, there is a unique 
opportunity to identify and implement appropriate market interventions that could help shape 
these markets, with the objective of reaching price-breaking volumes while not disincentivizing 
investment in innovation. 

Lessons learned from more successful product introductions, such as that of dual active 
ingredient insecticide-treated nets, should be analysed and leveraged. The New Nets 
Project combines a volume guarantee underwritten by the Bill & Melinda Gates Foundation 
and MedAccess with a co-pay mechanism funded by a GFATM strategic initiative and 
Unitaid funding. This project has resulted in a rapid increase in the availability of dual active 
ingredient nets and a sharp decline in prices, while generating critical data to inform a WHO 
recommendation. Such initiatives will also be critical to prepare for the introduction of the 
next-generation therapeutics currently under development. A concerted effort will be required 
to commercialize the new molecules in a timely manner, widely and at an affordable price. 
Country-level activities, such as updating national guidelines, registering these products and 
designing procurement plans, will also be crucial to make this a reality. It is now critical for global 
partners to join forces and address market failures. The two examples described above regarding 
ACT diversity and RDT alternatives should be investigated as part of a broader market-shaping 
strategy. Such a strategy should aim at addressing both demand- and supply-side barriers.
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Further explore procurement opportunities: finally, a diversified product portfolio relies on 
an efficient procurement system. Regional pooled procurement initiatives could be explored 
to complement global mechanisms such as the Pooled Procurement Mechanism operated 
by GFATM. Pooling demand could support the need for rapid procurement when changing 
policies (e.g. switching ACTs rapidly) and respond to the need for small batches, for instance, 
if only a few second-line treatments are needed. In a few instances, GFATM and the United 
States President’s Malaria Initiative have implemented initiatives to meet minimum order 
quantities, and these could be further developed in the future. Similar initiatives were piloted 
in Africa during the COVID-19 pandemic, such as the Africa Medical Supplies Platform for 
diagnostics and therapeutics and the African Vaccine Acquisition Task Team for vaccine 
access, under the African Union umbrella and funded through World Bank loans. Potential 
bottlenecks – such as inventory holding cost, risk of expiry, risk of deterioration, administratively 
burdensome processes, and country-specific requirements – should be evaluated and 
accounted for. At country level, efficient and flexible national procurement plans should be 
designed so that drugs can quickly be made available and stockouts avoided. Capacity-
building to conduct local needs assessments and demand quantification should be undertaken. 
Incentivizing facilities to measure and communicate their needs regularly and accurately 
should also be considered to improve national forecasts.

Activities suggested under this intervention should be part of a holistic approach, requiring 
further consideration. This document should be a call to action for global and regional partners 
to build a consolidated market-shaping strategy that will help foster the appropriate market 
dynamics to address the threat of antimalarial drug resistance and improve overall malaria 
care management. Such a strategy requires a dedicated effort from all relevant stakeholders, 
as well as dedicated funding. Initiatives such as the upcoming GFATM catalytic investments 
(2023–2025) could be leveraged, as GFATM is planning to dedicate funds to address biological 
threats in malaria case management (up to US$ 20 million) and for NextGen Market Shaping 
(up to US$ 140 million) (58).

Ensure a diversified, healthy and sustainable marketplace for antimalarials and diagnostics 
(see Box 3): while such a strategy is likely to be developed at a global level, regional 
stakeholders will play a key role in advocating for, harmonizing and coordinating continent-
wide initiatives. This should be done before widespread partner drug failure is reported in 
order to ensure the availability of alternative treatments.
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Box 3. Case study: ACT watch project to investigate the availability of malaria  
diagnostics in sub-Saharan countries from 2009 to 2015 (59)

Findings of the study: most of the malaria testing was performed in the public sector 
(see Fig. 8). In the private sector, the availability of diagnostic tests was higher in private for-
profit facilities than in antimalarial stocking pharmacies and drugstores – which are the most 
common suppliers of antimalarial drugs. Where tests are available, price may act as a barrier 
to uptake, particularly for young children, as paediatric ACT courses can cost less than testing.

Figure 8. Malaria testing market share across sectors – results of outlet surveys  
2014–2015 (59)
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5.2.3. Pillar II – Intervention 3 | Prevent exposure to subtherapeutic drug levels driven 
by substandard and falsified ACTs by promoting drug quality

Underlying issue

Many factors affect the quality and efficacy of antimalarial drugs. Subtherapeutic drug 
dosage could be due to improper manufacturing, for example in the case of inadequate active 
pharmaceutical ingredient concentration; alteration, for instance due to poor storage and 
distribution conditions, in particular under tropical conditions; or plain falsification. Exposing 
parasites to subtherapeutic drug levels increases the risk of selection and spread of resistant 
parasites. Despite the measures put in place in the past, substandard and falsified drugs are 
widely available in Africa, especially in the private sector (60).

Suggested interventions

Establish a stringent regulatory framework on product quality standards for both imported 
and exported ACTs: stringent regulation can be achieved by empowering regulatory authorities 
within each country. Quality assurance of generic ACTs can be supported following WHO 
standards such as prequalification. In addition, a regional harmonization process of regulatory 
systems should be strongly encouraged to ensure consistent quality standards in the region, for 
instance by ratifying the Treaty for the Establishment of the African Medicines Agency (61).
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Monitor and promote the quality of ACTs: robust national post-market quality surveillance 
programmes should be in place. The quality of ACTs should be monitored and managed along 
the supply chain, through sampling and testing at targeted locations, such as at customs, in 
storage locations, throughout the distribution network, and at points of sale in both public and 
private sector outlets. Sampling and testing activities should follow an approved protocol with 
well defined objectives and have a dedicated budget line (62). The post-market surveillance 
programme should be managed by a committee comprising representatives from the national 
regulatory authority, ministry of health, NMP, and other relevant partners and stakeholders.

Quality standards should be enforced to ensure concrete results. A clear list of sanctions for 
the manufacturing and wholesale purchase of substandard or falsified drugs (e.g. fines, shop 
closures, withdrawal of import licenses) should be defined, and resources should be dedicated 
to this purpose. The circulation of substandard and falsified drugs should be closely monitored 
at borders and prevented through international and regional collaboration. National, regional 
and global regulatory authorities should jointly investigate the source of illegal substandard and 
falsified ACTs and take coordinated measures to stop their production and export (e.g. defining 
clear roles and responsibilities at borders, strengthening data-sharing processes between 
national authorities) in order to reduce the availability of substandard and falsified drugs in 
African markets. Political support and advocacy are key to ensure the successful enforcement of 
any quality standards.

Although harder to reach and to regulate, the private informal sector should be a priority 
setting for the above-mentioned efforts, and relevant stakeholders should be engaged and 
incentivized to support government initiatives.

Pillar II – Intervention 4 | Remove non-recommended monotherapies and ensure that 
other monotherapies are used in accordance with WHO guidelines

Underlying issue

Although WHO recommends the use of ACTs to treat children and adults with uncomplicated 
P. falciparum malaria, and the recommendations around the use of monotherapies should be 
strictly followed to support resistance management, non-recommended monotherapies remain 
an issue in Africa.

In 2007, WHO Member States called for the progressive removal of oral artemisinin-based 
monotherapies from markets, as these were identified as potential causes of resistance (63). 
Similarly, the continued availability and use of partner medicines as monotherapies (e.g. 
amodiaquine, mefloquine) can compromise the value of ACTs by selecting for drug resistance. 
Despite significant progress (64), weak capacity to enforce the bans and continued production 
and distribution by pharmaceutical companies have prevented the complete withdrawal of the 
remaining non-recommended monotherapies from markets. Additionally, non-pharmaceutical 
forms of Artemisia (e.g. Artemisia tea) are being used for the prevention or treatment of 
malaria (43). The varying artemisinin content of A. annua or A. afra herbal remedies means 
that widespread use of these remedies could lead to many people having subtherapeutic 
levels of artemisinin in their blood, increasing the risk of resistance developing and spreading. 
Current knowledge concludes that any potential weak antimalarial activity of compounds 
other than artemisinin in A. annua or A. afra would not be sufficient to protect artemisinin from 
resistance (44).
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Parenteral or rectal monotherapies are recommended for treating severe malaria and when 
oral treatments are not tolerated. Overuse of these treatments in the absence of a clinical 
rationale, i.e. using injectable artesunate or artemether for uncomplicated malaria, has been 
reported in certain areas.

Likewise, using monotherapies for patients with severe malaria without completing the full 
recommended treatment (i.e. not administering a full ACT treatment following a parenteral or 
rectal antimalarial treatment) presents a risk for resistance by favouring de novo emergence 
and spread of resistant parasites.

Anecdotal evidence suggests that non-recommended monotherapies could also be more 
widely available and used in the private sector (65).

Suggested interventions

Remove non-recommended oral monotherapies: countries should intensify their ongoing 
efforts to remove non-recommended oral monotherapies from the market, including from 
the informal sector, in order to reach complete withdrawal. Remedial action should be 
considered at export, import and distribution levels. National regulatory authorities should be 
empowered and strengthened to regulate and enforce the withdrawal of oral monotherapies 
from markets, including both artemisinin-based and partner drugs. To this effect, additional 
resources should be dedicated to targeted areas where the circulation of oral monotherapies 
is reported. Moreover, national authorities should work with the main importing stakeholders, 
such as foreign governments, distributors and local manufacturers, to define a joint strategy to 
withdraw non-recommended oral monotherapies from the market.

At the continental level, regional organizations could work with exporting stakeholders (e.g. 
governments, manufacturers). Strong collaboration among neighbouring countries can 
ensure efficient surveillance of drug flows at borders. In areas where frequent use of oral 
monotherapies is reported or suspected, stakeholder engagement and communication 
campaigns should be developed to raise awareness among private providers (e.g. pharmacies, 
general retailers, clinics) on the risks associated with the use of these monotherapies.

Similarly, the use of Artemisia herbal remedies should be avoided. Care providers and patients 
should be sensitized to the risks incurred by patients and the threat to resistance management.

Prevent the misuse of recommended artemisinin-based monotherapies: artemisinin-based 
monotherapies (injectable and rectal) are only recommended for use in severe malaria with 
specific follow-up care and treatment. These monotherapies should not be used for the 
treatment of uncomplicated cases. Countries will need to conduct activities that address the 
underlying root causes, including insufficient training and lack of supervision; insufficient 
health system financing that encourages the prescription of treatments that can be charged 
in full to the patient; wide availability and accessibility of the treatments; and perception of 
efficacy. HCWs should be trained to ensure broad knowledge of guidelines on the treatment 
of uncomplicated malaria (66). A communication plan could be developed to address 
communities’ beliefs and personal preferences.

Ensure complete treatment of severe malaria cases: patients with severe malaria who do not 
receive the recommended ACT following the initial monotherapy may not be cured and could 
contribute to the de novo emergence and spread of resistance. To address this risk, HCWs 
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must be trained to follow the recommended treatment of severe malaria: a patient treated 
with injectable artesunate or artemether should subsequently receive a full ACT course, and 
a patient treated with rectal artesunate needs to be referred to a health facility to receive, as 
needed, an injectable treatment followed by a full ACT course (54).

Pillar II – Intervention 5 | Promote equitable access to quality drugs

Underlying issue

Access to care can be affected by many factors, including geographical, financial, social and 
gender barriers (67). For instance, out-of-pocket expenditures faced by poor people can result 
in catastrophic health spending costs, use of non-recommended drugs, or choice to not use a 
service (including RDTs) or treatment. The lack of access to quality treatment can increase the 
risk of resistance by encouraging the use of substandard or falsified drugs, thereby increasing 
the number of parasites exposed to subtherapeutic drug levels. Among other characteristics, 
resistance has historically been observed to emerge first in areas and populations with poor 
access to quality malaria services (41). In these areas, a large proportion of patients seek 
treatment through private health care providers, especially pharmacies, authorized and 
informal drug shops, and other medicine sellers. The quality of case management in these 
facilities varies widely and is often poor, especially in terms of access to quality ACTs and 
malaria diagnostic testing prior to treatment (53). The private sector plays a prominent role in 
some parts of Africa, but often operates without sufficient government or regulatory oversight 
(68). The lack of alignment with national treatment guidelines can result in the distribution of 
lower quality or inadequate products.

Suggested interventions

Increase access to quality health services for underserved communities and populations: 
the effect of the different barriers (e.g. geographical, financial, social, gender) on the 
access to and choice of treatment, and the risk of resistance developing in different areas 
and communities should be assessed country by country. Once specific groups have been 
identified (see Annex 5), efforts should be intensified to reach them. There are different ways 
of achieving this, for instance by leveraging community workers to provide quality diagnostics 
(see intervention II-6) and treatments to these specific groups. To minimize financial barriers, 
policies could be developed to drive down the cost of treatments for individual patients (e.g. 
private sector co-pay mechanisms, tax incentives on quality-assured medicines).

Improve access to quality care in the private sector (53): countries should ensure that only 
quality antimalarial drugs and diagnostic testing are available from private providers. This is 
achieved through adequate regulation and its enforcement by national and state regulatory 
authorities. To address the issue of limited resources, mechanisms such as the Affordable 
Medicines Facility for malaria programme, hosted by GFATM, should be explored. The 
Affordable Medicines Facility for malaria subsidized ACTs in the private sector and led to 
tangible results in improving access to quality-assured ACTs in that sector (with ACT availability 
increasing by at least 20 percentage points in six of the eight pilot countries), including among 
the poor (69). The programme also made ACTs more affordable (with full ACT treatment 
course prices in the private sector dropping by US$ 1.28–4.82 in six of the eight pilots) (70,71). 
If considered, similar initiatives should be further extended to diagnostic testing.
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Countries should promote private providers’ adherence to national treatment guidelines. 
For providers to deliver quality case management in private health facilities, they must 
be supported by training, supervision and protocols that are tailored to them and the 
characteristics of the delivery channel. Engagement with community-based organizations and 
nongovernmental organizations can be effective in bridging the gap between the public and 
private sectors.

Pillar II – Intervention 6 | Promote equitable distribution of and access to high-quality 
diagnostics to reduce drug pressure

Underlying issue

Given the non-specificity of malaria symptoms, the accuracy of clinical diagnosis tends to be 
poor, which can lead to over-diagnosis and over-treatment of malaria; this in turn unnecessarily 
increases drug pressure and the risk of resistance. According to household surveys conducted in 
sub-Saharan Africa (2015–2019) among children under 5 years of age, only 38.5% of those with 
fever and for whom care was sought received a diagnosis for malaria (2). Malaria diagnosis 
should be made with either quality-assured malaria microscopy or WHO-prequalified 
RDTs. Microscopy must be performed by adequately trained HCWs with well maintained 
equipment. RDT performance depends on many factors – not only manufacturing quality, 
but also compliance with transport and storage requirements, and training and supervision 
of operators.

Suggested interventions

Promote access to and use of quality RDTs: WHO recommends parasitological confirmation of 
infection of all suspected cases of malaria prior to treatment. Countries should promote and 
assess adherence to the guidance on strengthening or setting up routine malaria diagnostic 
services provided in Universal access to malaria diagnostic testing (72). Based on a routine 
surveillance needs assessment, an adequate number of tests should be made available to the 
population, including in the private sector (73) (see intervention II-5 and Box 3). The quality of 
RDTs should be monitored and assessed through the implementation of post-market surveys.

Improve the quality of microscopy: in 2016, WHO published the second version of the Malaria 
microscopy quality assurance manual (74), which details the key requirements of a malaria 
microscopy quality assurance programme. In parallel, WHO published a complete series 
of standard operating procedures for malaria microscopy. NMPs should ensure a central 
coordination and advocacy effort, defining a reference (core) group of microscopists with 
demonstrable expertise in overseeing programme training and validation standards. Before 
taking service, and on a regular basis after first being trained, microscopists should receive 
quality training that includes competency standards that must be met before they can work 
in a clinical setting, leveraging the WHO Regional Office for Africa External Competency 
Assessment for Malaria Microscopists (75). The quality of processes and equipment should 
follow clear standard operating procedures, including supplies of consumables and 
maintenance of microscopes and other equipment. Finally, donors and partners should support 
NMPs and allocate adequate budgets to improve the quality of microscopy.
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Pillar II – Intervention 7 | Empower patients, HCWs and other stakeholders to make 
informed decisions, and provide appropriate treatment

Underlying issue

Antimalarial drug resistance can result from a misalignment between treatment 
recommendations and practice. The misuse or overuse of antimalarial treatments, due to poor 
patient adherence and/or to incorrect prescription or treatment of unconfirmed cases by care 
providers, contributes to drug resistance. In addition, safeguarding against antimalarial drug 
resistance risks being done at the expense of other life-saving treatments. The rationalization 
of use of antimalarial treatments could result in excessive use of other antimicrobial treatments 
(i.e. antibiotics).

Suggested interventions

Raise awareness of populations and key stakeholders: raising awareness can be done 
through the development and financing of a communication plan on the importance of 
quality diagnosis, adherence to treatment, adherence to policy, and good practices (76). The 
messaging needs to emphasize the importance of testing prior to administering antimalarial 
treatment, adherence to the full treatment course, and the need for correct and quality 
treatment, for instance by warning against the risk of using non-pharmaceutical forms of 
Artemisia. Specific stakeholders could also be targeted, for example by developing and 
distributing dedicated communication materials about regulatory policies to private sector 
outlets. If an ACT fails and a switch to a new treatment is required, public information and 
education will be needed to ensure understanding and compliance with the new guidelines. 
Empowering populations should go hand in hand with the development of incentives, such as 
financial ones, to address the barriers preventing patients from accessing adequate treatment 
(see intervention II-5).

Provide training to HCWs: training should be provided to HCWs to ensure full understanding 
of national treatment guidelines, such as when to use second-line treatment. HCW training 
should also cover ways to ensure that patients complete the full treatment course. HCW training 
could also include the benefit of synchronous intake of food to increase the treatment efficacy 
of artemether-lumefantrine. A treatment policy change, following for instance the failure of 
the existing first-line ACT, will require dedicated training. Continuous training and supervision 
should also be provided to HCWs on the use and interpretation of RDT and microscopy results 
and on the provision of antimalarial treatment only in the case of confirmed diagnosis (77). 
While limiting the use of antimalarial treatments to confirmed cases, public authorities should 
ensure that patients with suggestive symptoms who are found not to have malaria have access 
to appropriate alternative diagnostic and treatment options. Training should be considered 
from a holistic perspective through improved integrated community case management and 
integrated management of childhood illness in order to prevent the excessive use of other life-
saving treatments, especially antibiotics (78).
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5.2.4. Pillar III: React to resistance by limiting the spread of antimalarial  
drug-resistant parasites

Efforts to limit the transmission of malaria will affect both resistant and sensitive 
parasites. However, to limit the risk of resistant parasites being selected and spreading, 
focus should be on prioritizing optimal vector control and other preventive measures, 
such as chemoprevention and vaccines, in priority areas; containing transmission from 
recrudescent cases; and limiting any advantage that higher gametocyte carriage could 
potentially confer to resistant parasites. Although the risk linked to different areas and 
groups should be assessed and is likely to differ by population, country and region, 
additional resources and efforts should be mobilized towards areas where resistance 
is confirmed, border areas where there is evidence of resistance in neighbouring areas, 
and towards areas with significant inflows of mobile and migrant populations from 
areas with known resistance. Underserved areas and hard-to-reach populations (e.g. 
displaced populations, migrant population, forest goers) should not be omitted. Lastly, 
promoting collaboration across borders could ensure that resistance detected in one 
country is addressed through a regional response. 

This pillar calls for a dedicated effort to limit the selection and transmission of resistant 
parasites. Four interventions to address these challenges have been identified. They 
rely on strong collaboration among countries and should be based on countries’ prior 
assessment of the availability and use of vector control interventions and preventive 
measures, and the risk of transmission from recrudescent cases.

Pillar III – Intervention 1 | Ensure optimal malaria vector control intervention coverage 
in priority areas

Underlying issue

Limiting the onward transmission of resistant malaria parasites requires an efficient malaria 
vector control strategy, which will be influenced by different factors: timely deployment, high 
coverage and appropriate targeting.

Suggested interventions

Target deployment of vector control interventions: intensified efforts to prioritize and optimize 
vector control interventions, with the intervention package depending on the specifics of the 
setting, should be considered to limit the transmission of resistant parasites. Such efforts should 
be both preventive (targeting areas and populations where resistance is deemed more likely to 
develop or spread) and reactive (targeting areas where resistance has been confirmed – be 
it artemisinin partial resistance or partner drug resistance). The feasibility and effectiveness 
of such efforts will depend on the availability of data, the ability to identify priority areas 
and populations, the capacity to tailor the interventions based on local epidemiological and 
entomological data, and market preparedness.

Deploy vector control interventions in a timely manner: recommended vector control 
interventions, such as the distribution of insecticide-treated nets and indoor residual spraying 
operations, should be made as efficient as possible to reduce onward transmission of resistant 
parasites and should be focused on priority areas when identified. Initiatives developed by 



35

global partners to address some of the barriers affecting rapid scale-up of vector control 
interventions, such as the New Nets Project funded by GFATM and Unitaid, should be further 
encouraged and leveraged (79). The New Nets Project already procures and distributes 
two different dual active ingredient nets with the aim of supporting manufacturers and 
WHO while they evaluate the epidemiological efficacy of these products. Should one or 
both nets demonstrate impact, demand would, nevertheless, still quickly exceed current 
production capacity.

Promote innovative deployment of vector control interventions: leveraging new digital tools 
should be considered to further improve the efficacy of vector control interventions. One 
example is the use of geospatial technology for planning, implementing and targeting future 
indoor residual spraying campaigns. Geospatial generated maps could complement the 
existing manual process of collecting data on infrastructure and population, facilitating the 
identification and sizing of structures to be sprayed (80).

Pillar III – Intervention 2 | Leverage preventive measures to reduce transmission of 
antimalarial drug-resistant parasites

Underlying issue

As stated in the GTS (1), preventive treatment strategies are highly cost-effective elements of 
the multipronged strategy to reduce disease burden and transmission. Faltering progress in 
malaria control since 2015 has drawn attention to the need to substantially expand the use 
of chemoprevention in countries seeking to reduce their malaria burden. Chemoprevention 
interventions can be challenging in terms of planning and delivery, for example because of the 
need to use different drugs for chemoprevention and first-line treatment (81). However, the use 
of alternative drugs and the resultant decrease in cases needing treatment could limit the risk 
of emergence and further spread of resistant parasites. Evidence has shown that both school-
aged children and individuals with asymptomatic infections are important contributors to the 
malaria infectious reservoir and could be targeted by malaria control interventions (82).

Malaria vaccines are another important means to reduce malaria cases, clinic visits and the use 
of antimalarial drugs. Currently, only one malaria vaccine is recommended for use, targeting 
young children to reduce malaria illness and death. Vaccines are generally well accepted public 
health interventions that can reach high coverage through routine distribution systems.

Although chemoprevention and vaccines are detailed under this section looking at their role in 
limiting the transmission of resistant parasites, both interventions could contribute to a decrease 
in the number of malaria cases, thereby decreasing the overall drug pressure, which relates to 
the objective of Pillar II.

Suggested interventions

Adequately plan and roll out chemoprevention strategies: chemoprevention cures existing 
infections and prevents new infections. Its deployment should be targeted, closely monitored 
and in line with national treatment guidelines (i.e. using drugs that are not first- or second-line 
treatment). In terms of drug resistance management, chemoprevention can have the added 
benefit of diversifying the drug pressure on the parasite population. WHO-recommended 
preventive treatment strategies against malaria currently include intermittent preventive 
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treatment of malaria in pregnancy, perennial malaria chemoprevention, seasonal malaria 
chemoprevention for children belonging to age groups at high risk of severe malaria, 
intermittent preventive treatment of malaria in school-aged children, post-discharge malaria 
chemoprevention and mass drug administration. These interventions (except for mass drug 
administration) are recommended in areas of moderate to high malaria transmission. 
Chemoprevention interventions should be adequately conducted.

Intensify investments to enable the scale-up of the RTS,S/AS01 first-generation malaria 
vaccine (83): vaccine introduction through routine childhood immunization programmes can 
substantially reduce clinic visits and the use of antimalarial drugs by increasing the immunity 
of the given population and decreasing the risk of emergence and spread of resistance. In 
October 2021, WHO recommended the expanded use of RTS,S/AS01 among children living in 
settings with moderate to high malaria transmission (84). Clinical trials showed that the vaccine 
reduced P. falciparum malaria cases presenting to health facilities by 55% in the first year after 
vaccination, and by 39% over four years (85). Pilot introductions of the vaccine in Ghana, Kenya 
and Malawi through routine child immunization clinics have resulted in substantial reductions in 
children admitted with deadly severe malaria (30%) and hospitalizations with a positive malaria 
test (21%) (86).

Pillar III – Intervention 3 | Limit the risk of increased transmission of resistant parasites

Underlying issue

Delaying diagnosis and care seeking increases the likelihood of transmitting parasites. 
Additionally, in a recrudescent case, parasites are more likely to have reduced drug sensitivity 
and increased gametocyte carriage. Finally, some resistant parasites may have intrinsically 
higher gametocyte carriage.

Suggested interventions

Promote good case management, including early diagnosis and treatment to reduce the 
risk of transmission: although not specific to resistance, interventions aimed at improving the 
overall management of malaria cases can have a positive impact on limiting the transmission 
of resistant parasites.

Limit the risk of transmission from recrudescent cases: to limit the risk of transmission from 
recrudescent cases, patients and caregivers must be informed of the need to take the full 
treatment course and to seek immediate care if symptoms return. National guidelines should 
be in place, clearly stating the need to move to second-line treatment after recurrence of 
malaria within a set time period (28 or 42 days depending on the ACT administered). Providers 
should routinely ask questions on patients’ previous treatment history to facilitate the switch 
to a second-line treatment when needed. In addition, patients should be encouraged to use 
insecticide-treated nets where available.

Limit gametocyte carriage for artemisinin partially resistant cases: a single low-dose 
of primaquine with ACT treatment has been proven to be safe and potentially impacts 
parasite transmission. To reduce transmission, WHO currently recommends that a single 
dose of 0.25 mg/kg body weight primaquine be given with an ACT to patients with 
P. falciparum malaria in low-transmission areas, except for pregnant women, infants under 
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6 months of age and women breastfeeding infants under 6 months of age (54). Depending on 
the national treatment guidelines, the addition of single low-dose primaquine should also be 
considered in areas of confirmed or suspected artemisinin partial resistance and in the case of 
suspected recrudescence.

Pillar III – Intervention 4 | Strengthen cross-border collaboration on malaria activities 
to ensure coordinated resistance management

Underlying issue

The lack of coordination among neighbouring countries in the deployment of malaria control 
interventions significantly hinders the effectiveness of their strategies in limiting the spread of 
resistant parasites, for instance in case of inflows of mobile and migrant populations from areas 
where resistance has emerged.

Suggested intervention

Facilitate and encourage country collaboration: building on the GMS experience, collaboration 
among countries is needed to ensure the timely and effective deployment of interventions 
in key priority areas. Following communication of an early warning of artemisinin partial 
resistance or partner drug resistance, countries should coordinate to rapidly deploy prevention, 
diagnosis and treatment in the identified at-risk areas. Existing regional economic communities 
and their health initiatives should be leveraged, and resistance management actions should 
be further included in their mandate. Multilateral organizations such as WHO, regional 
organizations, funding agencies and donors can play an important role in supporting cross-
country coordination. The coordinating role of supranational agencies becomes even more 
fundamental in areas where political tensions, cross-border conflicts, competing priorities, and 
lack of resources or infrastructure undermine malaria control activities (87).

5.2.5. Pillar IV: Stimulate research and innovation to better leverage existing 
tools and develop new tools against resistance

An effective response to the threat, limiting the potential impact of antimalarial drug 
resistance, relies on a robust and sustainable pipeline of both therapeutic and non-
therapeutic tools. According to WHO’s latest World malaria report, funding for malaria-
related research and development reached just over US$ 619 million in 2020 (2). Between 
2021 and 2030, it is estimated that an average annual investment of US$ 851 million in 
research and development is needed. 

This pillar calls for innovative approaches to better use current tools, for the development 
of new tools, and for increased modelling and research to characterize resistance, 
its impact, drivers and how corrective interventions might address those drivers. Five 
interventions to address these challenges have been identified. These interventions 
will rely on strong collaboration among global partners, the research community and 
malaria-endemic countries to conduct studies and implement pilots in order to test new 
approaches and improve the overall knowledge on malaria drug resistance.
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Pillar IV – Intervention 1 | Identify innovative approaches using currently available 
drugs to delay the development and spread of resistance

Underlying issue

With new treatments years away, preserving the therapeutic lifespan of current ACTs is critical. The 
existing malaria armamentarium could potentially be used in innovative ways. Additional evidence 
needs to be generated to demonstrate the impact of these innovative approaches on resistance.

Suggested interventions

Potential innovative ways to increase demand for different drugs and ensure matching supply

Explore new schemes in the use of treatments at national level: currently, a treatment is 
recommended until the failure rate reaches 10%. Deploying the currently available treatments 
differently, for instance by rotating drugs before high failure rates are detected or by using 
multiple first-line treatments, could possibly prolong the lifespan of existing ACTs. Research 
should be expanded to better understand the complexity and relative impact of implementing 
different schemes of ACTs (e.g. using different ACTs for different age groups or geographies, 
or rotating ACTs, in particular if they exert opposing selective pressures on local parasite 
populations). The operational feasibility of such approaches should be further studied to 
understand the logistical challenges, cost and acceptability by countries (88). Modelling 
supported by research should also be pursued to assess the impact of multiple first-line 
therapies on drug resistance (89).

Evaluate initiatives to build a healthy marketplace: market-related interventions, such 
as diversifying the portfolio of currently available drugs or enabling timely deployment of 
alternative treatments or vector control interventions, require proactive and deliberate 
market shaping. Market challenges should be comprehensively studied, and the merits of 
various market interventions, such as volume guarantees and co-pay mechanisms, should 
be assessed for individual products, with an overall objective of increasing their availability 
and affordability. Based on the output of such assessments, market interventions should be 
implemented at a global scale, if appropriate, or through pilots combining both economic 
research and procurement operations, if necessary.

Further considerations to limit the spread of resistant parasites

Assess transmission-blocking interventions: the lack of understanding of PfKelch13 mutants’ 
gametocyte carriage and transmissibility in Africa is an important knowledge gap. The 
deployment of transmission-blocking interventions, such as single low-dose primaquine given 
together with an ACT in areas where resistant parasites are prevalent, depends on research 
showing that such parasites have a transmission advantage in African settings. Furthermore, 
additional modelling is needed to explore whether transmission-blocking interventions 
is likely to have a significant impact in settings where coverage of these interventions is 
expected to be lower than in areas where the provision of single low-dose primaquine is 
currently recommended.

Consider extended treatment regimens: extending the duration of treatment beyond the 
current three days may also be relevant and should be further investigated in order to build 
the evidence needed before considering a new global policy. Such research should include an 
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assessment of the potential risks, including safety, and solutions, especially with respect to the 
expected adherence of patients to the extended regimen.

Pillar IV – Intervention 2 | Identify areas and populations where drug resistance is 
deemed more likely to develop and spread

Underlying issue

Adequate information on the biological, environmental, economic and social factors driving 
resistance remains scarce, but is needed to help inform the design of interventions and where 
to deploy them. The identification of areas and populations where resistance is more likely 
to develop or spread in Africa is hindered by the limited understanding of these factors. 
Historically, resistance has first emerged in areas of low endemicity where there is an influx of 
populations with limited immunity and limited access to quality diagnosis and treatment, and 
where there is high unregulated use of antimalarials. However, current knowledge specific to 
the African setting is limited and such assumptions require further research.

Suggested intervention

Conduct setting-specific modelling and research: information should be collected to identify 
the areas and populations where resistance is more likely to develop and spread, and the 
implementation of interventions should be tailored accordingly. The information collected could 
include information on the results of efficacy studies, treatment rates, patterns of drug use 
(symptomatic vs. asymptomatic, private vs. public sector), the proportion of patients adhering 
to treatment guidelines, delay between symptoms and treatment, population movements 
and migration patterns, age- and gender-related data, and other socio-demographic data. 
Setting-specific models should then be leveraged to estimate the risk of artemisinin partial 
resistance and partner drug resistance emergence and spread.

Pillar IV – Intervention 3 | Develop new treatments and diagnostics with the objective 
of delaying the emergence and spread of resistance

Underlying issue

As clearly stated in the GTS (1), the long-term usefulness of any medicine or combination is 
threatened by resistance. Additionally, the formulation and dosage for certain population groups, 
and treatment regimens for some available treatments are suboptimal and may need to be revised. 
Finally, patients with symptoms suggestive of malaria might receive malaria treatment despite a 
negative test result, due to the lack of tools to perform differential diagnosis at point of care.

Suggested interventions

Improve the formulation, dosage and regimen of currently available treatments: for ACTs, the 
focus should be on improving formulations for specific population groups (e.g. young children, 
pregnant and lactating women, malnourished populations). The development of a paediatric 
formulation for primaquine should be accelerated. Newer drugs with regimens that are simpler 
and require less frequent dosing should be further explored.

Explore the potential benefit of triple artemisinin-based combination therapies (TACTs): 
TACTs, which combine an artemisinin component with two of the currently used ACT 
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partner drugs, have been explored. The partner drugs most frequently proposed in TACTs 
are piperaquine plus mefloquine and lumefantrine plus amodiaquine (90). Other triple 
combination therapies being tested combine an ACT with atovaquone-proguanil.

Part of the rationale behind combining piperaquine and mefloquine or amodiaquine and 
lumefantrine is the potential antagonistic resistance mechanism between these drugs. 
However, in the context of artemisinin partial resistance, parasites resistant to both mefloquine 
and piperaquine have already been reported in Cambodia and Viet Nam. In the absence of 
known, validated markers of resistance for amodiaquine and lumefantrine, it is not possible to 
predict whether a similar situation might occur with the emergence and spread of parasites 
resistant to both amodiaquine and lumefantrine (91).

Modelling and research are needed to explore how the combination of two long-acting 
partner drugs in a TACT impacts the risk of emergence and spread of resistance in Africa, 
compared to partner drugs given individually as ACTs. Artemisinin partial resistance has 
emerged in Africa despite the high efficacy of the partner drug within the ACT. Shifting to a 
TACT where a significant level of resistance to one of the partner drugs has already developed 
could limit the potential benefits of the combination in terms of resistance management, in 
particular in areas where artemisinin partial resistance has already been reported.

Adding another drug to established regimens would require studies on tolerability, toxicity 
and drug interactions. Potential delays in resistance benefiting future patients would need to 
be balanced against any potential increased risk for current patients caused by receiving an 
additional drug and challenges in achieving full adherence to the treatment if the combination 
is given twice a day.

Develop new treatments: for alternative treatments, the focus should be on non-artemisinin-
based combinations, such as ganaplacide-lumefantrine, and innovative multiple combinations 
with existing or novel agents, such as medicines with better matching pharmacokinetic profiles 
and different modes of action. Additionally, global stakeholders should increase efforts and 
coordination to establish target product profiles that list the minimum requirements that new 
medicines have to meet across different dimensions. Such target product profiles should focus 
on novel compounds for treatment and prevention, beyond ACTs.

Develop new tests allowing for differential diagnosis at point of care: patients seeking care 
for symptoms suggestive of malaria should be tested for alternative causes in the case of a 
negative malaria test. Multi-pathogen tests at point of care would guide HCWs in providing 
the correct treatment. Research should focus on improving the sensitivity and specificity of 
these platforms.

Once next-generation therapeutics and diagnostics are available, concerted efforts to 
introduce these new products will be crucial to ensure their rapid and wide uptake.
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Pillar IV – Intervention 4 | Identify and develop innovative tools to limit malaria 
infection and transmission

Underlying issue

While the current malaria armamentarium needs to be optimized, there is also a need to 
develop more effective tools, both pharmaceutical and non-pharmaceutical, to reduce malaria 
infection and transmission, and therefore decrease the likelihood of resistance emerging 
and spreading.

Suggested interventions

Pursue investments in the research and development of pharmaceuticals and vaccines: 
second-generation vaccines (92) and monoclonal antibodies (93), for example, could represent 
promising tools to limit malaria infection and transmission.

Encourage innovation in the area of vector control and vector surveillance (94): the improvement 
of existing vector control interventions – insecticide-treated nets and indoor residual spraying – 
and rigorous evaluation of these improvements is a priority area that requires further attention, 
as stated in the GTS (1). Regarding nets, the priority should be to make them more efficacious, 
particularly with regard to addressing resistant vector populations, and to improve their quality. 
More efficacious nets should be developed and deployed, in particular in areas with pyrethroid 
resistance. Efficacious nets could include dual active ingredient nets and nets with an added 
synergist such as piperonyl butoxide or other chemicals. Ensuring the quality of nets should 
be a primary focus, and the search for lower prices should not be to the detriment of quality. 
Higher quality nets should ensure both physical quality and residual activity of insecticides on 
the nets. New types of indoor residual spraying and/or longer lasting formulations would also 
be helpful. Innovative methods of delivering indoor residual spraying in areas where housing is 
becoming increasingly modernized should also be considered.

Numerous other interventions are in development and should be further assessed, such as 
spatial repellents, endectocides (e.g. ivermectin), manipulation of vectors with gene drive, 
and attractive toxic sugar baits to prevent outdoor biting. Moreover, innovative larval source 
management strategies should be rigorously evaluated to assess their potential contribution to 
malaria control. New candidate larvicides should be evaluated in different eco-epidemiological 
settings for larval control. Drone technology could be leveraged to identify breeding sites for 
optimal deployment of larval interventions.

NMPs should collect and analyse data on the comparative effectiveness of existing tools and 
new tools (e.g. impact, sustainability, acceptability) in order to improve the decision-making 
process amidst the variety of interventions available.

Pillar IV – Intervention 5 | Conduct modelling and research to better understand and 
track resistance

Underlying issue

Many unknowns remain in terms of resistance mechanisms, the health impact of resistance and 
how interventions can address drivers of resistance. Tailoring interventions to specific settings, 
including the local specificities of hosts, vectors and parasites, will require advanced research 
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on background drivers, such as the identification and confirmation of genetic determinants, the 
definition of the impact of different genetic backgrounds on the gain and degree of resistance, 
the role of different vector species, the impact of transmission intensity, and importation risks.

Suggested intervention

Foster advanced research on resistance at the global, regional and national levels: Priority 
topics could include:

• gametocyte carriage and transmissibility in Africa among parasites with mutations 
associated with artemisinin partial resistance;

• identification and validation of new molecular markers for artemisinin partial resistance 
and partner drug resistance to better monitor the emergence and spread of resistance 
to each ACT component compound; this can include the use of genetic crosses using 
custom mouse models that support P. falciparum infections and gene editing techniques 
such as CRISPR/Cas9, as well as genomic and phenotypic studies to map and confirm 
resistance mediators;

• assessment of the degree of clinical and in vitro resistance conferred by genetic changes 
in different parasite backgrounds;

• assessment of the fitness cost of genetic changes mediating resistance in different 
parasite backgrounds;

• assessment of outcomes in patients with severe malaria infected by parasites carrying 
PfKelch13 mutations compared to outcomes in patients with severe malaria infected by 
parasites carrying wild-type PfKelch13, and the potential need to modify treatment, for 
example by adding quinine to artesunate;

• measurement of drug levels in the blood to understand the pharmacokinetic behaviour of 
the different drugs in different age groups;

• assessment of the role of weakened immune status (for instance due to HIV infection or 
other factors) in the emergence and spread of drug-resistant parasites;

• investigation of the impact of mass drug administration and chemoprevention on the 
reduction of transmission among asymptomatic carriers.
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6. Role of stakeholders and 
enabling mechanisms

6.1 Role of key stakeholders

Addressing resistance throughout the African continent requires a coordinated effort from 
many stakeholders. From ensuring continued support for stakeholders implementing activities 
in the field to encouraging continued involvement of others, a coordinated approach will 
ensure efficient implementation of interventions and a sustainable response to resistance.

The section below provides an overview of eight categories of stakeholders that should be 
involved to ensure that this Strategy is successfully implemented. The roles and responsibilities 
of each stakeholder are detailed in Annex 6.

Ministries of health of malaria-endemic countries are the cornerstone of this response. 
Strong institutional capacity is required to enable efficient and sustainable implementation 
of this Strategy. NMPs should define a national strategy suitable to their specific situation 
and be empowered to implement it efficiently by the ministry of health. NMPs should assess 
the country’s priorities based on factors that are likely to be relevant drivers of resistance 
and allocate resources accordingly, with support from regional and global stakeholders. 
They should provide adequate training and supportive supervision to health care providers 
(public and private) on new guidelines and approaches. NMPs should act as a connector, 
involving other government agencies along with the key stakeholders presented below. NMPs 
are in charge of consolidating the data retrieved from the field in order to take appropriate 
actions, disseminating data through regional networks and ensuring strong collaboration with 
global stakeholders.

National regulatory authorities should further harmonize and strengthen quality assurance 
and quality control requirements and processes. They should adopt clear standard operating 
procedures and dedicate additional efforts and resources to the enforcement of policies 
and guidelines.

Regional organizations should promote and enhance collaboration between countries. 
Regional organizations should use their supranational influence to provide advice and ensure 
coordinated implementation of consistent strategies throughout the continent. Regional 
organizations should further contribute to shaping a viable and sustainable market, for 
instance by establishing harmonized continent-wide standards and processes or by supporting 
the rapid uptake of innovative technologies.

WHO and other multilateral organizations should actively advocate for the identified 
interventions and share knowledge and best practices with regional and country authorities. 
Multilateral organizations should further support the development of regional networks, 
acting as third parties to ensure alignment with WHO standards and protocols. These 
organizations should support countries in implementing their national strategies through 
their regional offices.

Funding agencies and donors should advocate for and respond to the call to action, 
seeking to ensure adequate levels of financing and technical support for regional and local 
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implementation of the interventions. Beyond supporting countries and regional organizations 
in the operational implementation of the Strategy, funding agencies and donors should play a 
prominent role in building an overall viable and sustainable implementation framework for the 
response to antimalarial drug resistance in Africa. They should contribute to the establishment 
of a healthy marketplace with innovative strategies for procuring and distributing diagnostics 
and antimalarials, and support the implementation of strong surveillance capacities in Africa.

Academia and research organizations (e.g. academia, research centres, drug developers, 
including research and development units of pharmaceutical and biotechnology companies, 
product development partnerships and public–private partnerships, and other research-based 
organizations) play pivotal roles in strengthening resistance surveillance. They also play a key 
role in training health care professionals. They should also foster cross-sectoral collaboration. 
In addition, academia and research organizations should work to advance research on 
resistance and on innovative products and strategies. Modelling supported by research is key 
to continuing to improve the response to resistance, and a robust pipeline of antimalarials is 
needed to build a future line of defence against malaria.

Civil society organizations and community-level networks should mobilize resources, support 
advocacy efforts and foster engagement around the Strategy at community level. Civil 
society organizations should liaise with different stakeholders, for instance with the public and 
private sectors, and support the adoption of national strategies by care providers. Community 
networks should be strongly engaged to disseminate and implement the Strategy across the 
communities, for instance through improved access to and uptake of malaria services.

Care providers (public and private) play an important role in promoting adherence to 
guidelines, sensitizing patients on antimalarial drug resistance and delivering quality care. Care 
providers should be involved in working groups established by NMPs in order to give visibility 
to the demand side of malaria care, highlighting roadblocks at facility level, such as stockouts 
or lack of visibility and understanding of guidelines. They should collaborate with programme 
managers to ensure that there is adequate implementation of the guidelines.

The stakeholders mentioned above are considered to be the most relevant in the response to 
antimalarial drug resistance, but this Strategy calls for broader action. As highlighted by the 
Multisectoral action guide to end malaria (95), all sectors have an important role to play in 
promoting and protecting community health from the burden of malaria. Although the specific 
elements of a successful multisectoral action plan will vary by country, the partner landscape 
could further include national and local government ministries (e.g. urban planning and 
housing, water and sanitation, forestry and mining), private companies (e.g. manufacturers, 
forestry and mining compagnies) and local faith-based organizations, among others.

6.2 Ensuring that key enabling mechanisms are in place

Transversal conditions – “enablers” – are needed in all settings and at all levels to ensure the 
feasible, impactful and sustainable implementation of each intervention. Promoting strong 
regional collaboration, ensuring sufficient financing and a sustained advocacy effort, building 
strong country ownership, and collecting quality data to guide implementation through routine 
surveillance will be key to turning this regional effort into a success.
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6.2.1 Five transversal enablers to ensure successful implementation of the Strategy

To build a successful strategy, five transversal enablers are needed at all levels:

• Country ownership: political commitment at local and regional levels should first 
focus on building strong governance to lead this effort. The issue of antimalarial drug 
resistance needs to be elevated to ministerial level in order to ensure that interventions 
are implemented efficiently. A periodical assessment should be put in place to ensure the 
accountability of all stakeholders, measure progress and identify areas for improvement.

• Financing: implementing these activities will require a significant financial effort. 
Ministries of health will have to mobilize domestic budgets. Funding agencies and 
donors, private sector and other stakeholders will need to invest and collectively unlock 
funding for capacity-strengthening to diagnose, treat and monitor, foster local capacity, 
and ensure that research is conducted.

• Advocacy effort: responding to antimalarial drug resistance should become a priority. 
Resistance should be a consideration when planning and implementing any malaria 
activity. Advocacy should focus on increasing awareness to ensure buy-in from global 
partners to grassroot stakeholders, and to ensure that efforts and resources are 
targeting priority areas.

• Strong regional coordination: this Strategy provides a regional approach for responding 
to resistance. Despite the diversity of settings, cross-country coordination is required to 
ensure the reach and effectiveness of interventions. Adopting a coordinated approach 
through the mutualization of efforts, knowledge and resources will maximize its impact.

• Strong routine surveillance and response system: optimizing the response to resistance 
will require an overall routine surveillance system to monitor the local specificities of 
each setting and further develop locally driven research.

6.2.2 Core requirements for the design and establishment of a robust routine malaria 
surveillance system

A key learning from the response to antimalarial drug resistance in the GMS is the importance 
of surveillance systems. Surveillance has been a top priority, from increasing surveillance of 
antimalarial drug efficacy and resistance (e.g. TESs) to strengthening overall malaria surveillance 
of cases, deaths, and control interventions and strategies. Various tools have been leveraged, 
from apps enabling the collection of real-time data to implementation of a regional Malaria 
Elimination Database. While TESs are valuable tools to monitor antimalarial drug efficacy and 
resistance at patient level, good-quality, well structured and geographically widespread routine 
malaria surveillance is fundamental to ensure that implementation of prioritized interventions is 
adequate and impactful. The following sections present a list of areas where good-quality data 
are required in order to adequately direct the interventions outlined in this Strategy.

Decisions about programme policies, strategies, approaches, structures and priorities must 
be based on the best available data to ensure that interventions are as impactful as possible, 
given constrained resources. A robust routine surveillance system must include:

• accurate parasitological diagnosis of malaria cases and deaths; diagnoses should be 
made with either quality-assured malaria microscopy or WHO-recommended RDTs;
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• all health sectors (public, formal and informal private, and community) reporting 
malaria data to a national surveillance system, in a concerted effort to include cases 
detected in any sector;

• a malaria surveillance system integrated into broader health management information 
systems, harnessing the power of digital solutions to develop such integrated systems;

• front-line staff involved in the detection, recording and reporting of cases and as the first 
users of data; staff at different levels should be trained in the examination and evaluation 
of data from surveillance of both disease and operations to monitor programme 
progress, allocate resources effectively, target interventions, and detect problems that 
require action; the system itself should enable users to visualize core data quality and 
epidemiological indicators in near real-time;

• stable financial investments in surveillance and health system integration and 
strengthening, including in human resources;

• surveillance systems assessed routinely to ensure their coverage, completeness, 
timeliness, accuracy, reliability and integrity.

6.2.3 Strong routine surveillance as a key enabler to optimize the impact of  
interventions addressing resistance

Building on the recommendations laid out in the GTS (1) and in Malaria surveillance, monitoring 
and evaluation: a reference manual (96), the paragraphs below highlight the areas where 
good-quality data are needed to adequately and continuously adapt the interventions detailed 
in section 5.2.

1. Information on malaria burden: understanding the burden of malaria is the first step 
to planning, implementing, monitoring and evaluating malaria programmes, and 
implementing interventions targeted at addressing gaps that increase the risk of 
resistance. Good-quality data on the burden of malaria provide the basis for directing 
resources to those in need.

 The data should be disaggregated by gender and age group and be analysed at the 
lowest administrative level possible. Required information on malaria burden includes:

• reporting the completeness of data on malaria burden by geography and 
identification of information gaps;

• number of cases and incidence by geographical region down to the lowest available 
administrative level;

• standardized and continuous collection of data on:
• suspected cases
• cases tested with microscopy or RDT
• confirmed cases through adequate diagnostic tests (quality-assured malaria 

microscopy or WHO-recommended RDTs)
• cases treated clinically (presumed cases)
• severe malaria cases
• cases in specific groups (e.g. children under 5, pregnant women)
• deaths.
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2. Information on quality of care: data on prescription and consumption need to 
be interpreted based on an understanding of factors such as the availability of 
commodities, seasonal trends, patient preferences and patient non-compliance. 
Conducting routine surveillance of treatment through national surveillance or surveys 
and detailed records will help in selecting which interventions to deploy.

Countries should aim at progressively increasing the level of granularity of the data 
collected in order to ultimately be able to disaggregate data by gender, age group and 
provider type (e.g. public, private) and conduct analyses at the lowest administrative level 
possible. Important information on the quality of care includes:

• compliance with national guidelines for case management:

• proportion of suspected cases tested

• proportion of cases confirmed positive

• proportion of cases treated (with any first-line treatment, with ACTs);

• monitoring indicators over time and by geography related to care-seeking patterns, 
access to care and hospitalization:

• all-cause outpatients

• all-cause inpatients

• all-cause deaths

• malaria proportion of all outpatients

• malaria proportion of all inpatients

• malaria proportion of all inpatient deaths

• malaria case fatality rate.

3. Supply chain management and post-market surveillance: routine monitoring of drug 
quality through outlet surveys and other post-market surveillance activities will help 
to quantify the issue of substandard drugs, falsified drugs, degraded stocks, non-
recommended monotherapies, stockouts, and so on. This monitoring can include:

• structured and comprehensive post-market surveillance, including all steps of the 
drug value chain (e.g. production, distribution, storage, etc.);

• treatment volumes by health facility and forecast of stock availability;

• stockout reporting;

• continuous monitoring of the availability and use of monotherapies across the country 
to identify outliers (e.g. through procurement data).

4. Surveillance of parasitological changes affecting the ability to detect and treat malaria:

• Surveillance of antimalarial drug efficacy: the emergence of multidrug resistance is 
a public health concern that threatens the sustainability of global efforts to eliminate 
and reduce the burden of malaria. Regular monitoring of drug efficacy is needed to 
inform treatment policies in malaria-endemic countries and to ensure early detection 
of, and response to, drug resistance. WHO calls on countries and global malaria 
partners to monitor the efficacy of antimalarial drugs so that the most appropriate 
treatments can be selected for national policies.
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• Surveillance of Pfhrp2/3 deletions: diagnostic accuracy is under serious threat as a 
result of the emergence of parasites not expressing the HRP2 protein due to genetic 
mutations. Consequently, RDTs that are HRP2-based only may be unable to detect 
infections with such parasites. This issue can have a significant impact on public 
health, putting patients at risk of misdiagnosis, significantly increasing morbidity 
and potentially mortality. Additionally, if some parasites with Pfhrp2 deletions were 
reported to also carry PfKelch13 mutations, this would represent a threat to drug 
resistance management. Surveillance for Pfhrp2/3 deletions and their impact on 
RDT results is essential to inform RDT procurement and to avert missed or delayed 
diagnosis. Should the local prevalence of Pfhrp2/3 deletions causing false-negative 
results with HRP2-based RDTs be over 5%, a different testing strategy should be 
implemented immediately, as called for by the Malaria Policy Advisory Group in 
2021 (97). Changing the testing strategy will avoid missing cases that could further 
transmit infection by resistant parasites.

Understanding the other mutations carried by these parasites may provide clues to their 
expansion beyond selection pressure from HRP2-based RDTs. Therefore, surveillance 
of Pfhrp2/3 deletions should be integrated into other molecular surveillance efforts 
wherever possible, such as those targeting markers of drug resistance. TESs offer such 
opportunities, but they are not a replacement for representative surveys for Pfhrp2/3 
deletions.

5. Entomological surveillance: adequate entomological surveillance would enable the 
selection of the most efficient vector control interventions to limit the spread of drug 
resistance in areas with high risk of emergence and the transmission of resistant 
parasites where resistance has emerged. The following are essential:

• identification of the major Anopheles malaria vector(s) competent for Plasmodium 
transmission and of the vector rates of infection with the malaria parasite (sporozoite 
rate, oocyst rate);

• measurement of species-specific vector densities and ascertainment of vector 
composition;

• determination of vector blood-feeding habits (e.g. human biting rate, host preference, 
biting time and location, resting location) and assessment of other vector behaviours.

Routine surveillance can be challenging, especially in terms of logistics. For it to be effective, 
in the short term, stakeholders should share data transparently and in a timely manner and 
communicate effectively (e.g. periodical meetings among NMPs, manufacturers, researchers, 
etc.). In the longer term, data infrastructure at national (and potentially regional) level should 
be put in place to enable consolidation of multi-source information; additionally, forecast 
capabilities should be added on top of data analysis efforts to inform policy and interventions. 
Countries can ensure that routine surveillance systems are adequate by carrying out systematic 
and standardized surveillance system assessments using the WHO Malaria Surveillance 
Assessment Toolkit (98).
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Annex 1.  
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Boston Consulting Group (Guervan Adnet, Francesca Bona, Hamza Haloui, Raphaelle Kemoun) 
oversaw the technical discussions, consolidated findings, conducted a broad literature review 
and wrote the document.

A leadership team comprising WHO and the chair of the Malaria Policy Advisory Group 
(MPAG)1  provided guidance and oversight during the Strategy development process.
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Pedro Alonso, former Director of WHO Global Malaria Programme, University of Barcelona, 
Spain

Ebenezer Baba, WHO Regional Office for Africa, Brazzaville, Congo 

Andrea Bosman, WHO Global Malaria Programme, Geneva, Switzerland

Akpaka Kalu, WHO Regional Office for Africa, Brazzaville, Congo 

Bruno Moonen, Bill & Melinda Gates Foundation, London, United Kingdom of Great Britain and 
Northern Ireland (observer)

Erin Shutes, WHO Global Malaria Programme, Geneva, Switzerland

Jackson Sillah, WHO Regional Office for Africa, Brazzaville, Congo

Dyann Wirth, Harvard T.H. Chan School of Public Health, Boston, United States of America 
(chair of the MPAG)

Ghasem Zamani, WHO Regional Office for the Eastern Mediterranean, Cairo, Egypt

An initial technical fact base on antimalarial drug resistance in Africa was developed with the 
support and expertise of five workstreams focused on i) drug resistance, ii) market shaping, 
iii) quality of care, policy and private sector, iv) surveillance and modelling, and v) vector 
control. These workstreams were led by WHO staff, who leveraged inputs from global health 
partners and malaria experts in order to inform the WHO perspective. These global health 
partners and malaria experts did not sign a declaration of interest.

1 The MPAG was established in 2011 to provide independent advice to WHO to enhance the control and elimination of malaria. The 
MPAG provides strategic advice and technical input to WHO, and extends to all aspects of malaria control and elimination, as part 
of a transparent, responsive and credible process.
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The core document underwent a 28-day public consultation in June and July 2022.
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sessions.

MPAG members
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Dyann Wirth, Harvard T.H. Chan School of Public Health, Boston, United States



61

Figure A1.1. Summary of the development process of the Strategy
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Annex 2.  
Definitions of resistance
Antimalarial drug resistance is defined as the ability of a parasite strain to survive and/or 
multiply despite the administration and absorption of a drug given in doses equal to or higher 
than those usually recommended, but within tolerance of the subject.

Multidrug resistance is resistance to more than two antimalarial compounds of different 
chemical classes. This term usually refers to P. falciparum resistance to chloroquine, 
sulfadoxine-pyrimethamine, and a third antimalarial compound.

Treatment failure (≠ resistance) is the inability to clear parasites from a patient’s blood and to 
prevent their recrudescence (i.e. recurrence of asexual parasitaemia of the same genotype(s) 
that caused the original illness) after the administration of an antimalarial drug. Many factors 
can contribute to treatment failure, including incorrect dosage (i.e. weight–dose mismatch), 
poor patient compliance, poor drug absorption, poor drug quality, and drug interactions and 
resistance. Most of these factors are addressed in TESs.

Artemisinin partial resistance can be defined as delayed clearance after treatment with a 
drug containing an artemisinin derivative of a parasite strain carrying a particular mutation 
or set of mutations that are validated as associated with this delayed clearance, despite the 
administration and absorption of the drug given in doses equal to or higher than those usually 
recommended, but within tolerance of the subject.

The presence of artemisinin partial resistance in an area must be confirmed using a quality-
controlled study. At present, only PfKelch13 mutations have been validated as markers of 
artemisinin partial resistance. Artemisinin partial resistance is confirmed in a site when a 
quality-controlled study using an ACT or an artesunate monotherapy finds more than 5% of 
patients carrying PfKelch13 resistance-validated mutations and with delayed clearance as 
shown either by persistent parasitaemia detected by microscopy at 72 hours (± 2 hours, i.e. 
day three) or a parasite clearance half-life ≥ 5 hours. A list of validated PfKelch13 mutations 
(i.e. significantly associated with delayed parasite clearance and identified as having reduced 
susceptibility using RSA) and candidate markers (i.e. significantly associated with delayed 
parasite clearance or identified as having reduced susceptibility using RSA) is kept up to date 
on the WHO Global Malaria Programme website (1).

Although sensitivity to artemisinin could decrease further, it should be emphasized that, to date, 
there have been no observations of a change from delayed clearance towards artemisinin full 
resistance. It is difficult to create artemisinin full resistance in vitro and the biological chances of 
seeing its emergence are small. Therefore, using the term artemisinin resistance is not accurate 
based on currently available data. Using the terminology partial resistance or tolerance would 
allow for a change in the messaging should the situation worsen.

The term artemisinin tolerance was used in WHO’s first document on this topic in 2008 (2). 
The word tolerance has been used to describe antibacterial delayed clearance (3), which 
from a biological perspective is in line with current PfKelch13 observations in the GMS and 
Africa. However, the targeted audience, not exclusively comprising scientific experts, might 
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not embrace the nuance of tolerance being more scientifically accurate. As a result, partial 
resistance should be used.

The major threat correlated to artemisinin partial resistance is a potential increased risk of de 
novo emergence of resistance or spread of pre-existing resistance to partner drugs, leading to 
an eventual ACT treatment failure. Concerns over delayed clearance do not change the need 
to expand access to ACTs. Delayed clearance linked to PfKelch13 mutations does not necessarily 
predict treatment failure for ACTs, and delayed clearance alone does not lead to a significant 
increase in ACT treatment failure rates. However, in combination with partner drug resistance, 
very high failure rates have been reported.

The term ACT resistance was not endorsed by the Technical Expert Group on Drug Resistance 
in 2015 and was replaced by ACT treatment failure, which refers to a treatment failure caused 
by partner drug treatment failure (or resistance, if confirmed by in vitro tests, pharmacokinetic 
data and/or molecular markers), regardless of its association with delayed parasite clearance.
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Annex 3.  
Threat and potential impact 
of resistance
The implications of antimalarial drug resistance are numerous and complex to estimate. For 
a given country, the consequences of resistance spreading will depend on the transmission 
setting, strength of the health system, type of drug resistance, and availability of alternative 
drugs. The following list describes some possible consequences of resistance, partly based on 
experiences from other regions or previous development of resistance to antimalarial treatment 
in Africa. Possible consequences include:

• an increase in transmission due to artemisinin partial resistance if artemisinin partial 
resistance is shown to increase gametocyte carriage;

• an increase in transmission due to recrudescence caused by partner drug resistance;

• an increase in morbidity and mortality; although this has not been observed in the GMS, 
it could be a consequence of increased transmission in Africa;

• underlying economic costs due to both the repeated care required to treat patients 
infected by resistant parasites and the productivity losses resulting from the increased 
morbidity (e.g. absenteeism in the workplace due to disease burden or the need to care 
for a sick child, loss of school days) and mortality (i.e. years of productive life lost due to 
premature death);

• a need to rapidly rotate to another ACT if there is evidence of partner drug failure, with 
operational implications such as policy changes, training requirements and review of 
supply chains, as well as a potential incremental cost linked to the new commodity;

• a specific risk borne by lumefantrine, as artemether-lumefantrine is the most widely 
used ACT in Africa to date; resistance to lumefantrine would also represent a major set-
back in recent research and development efforts, as the most promising non-artemisinin 
combination – ganaplacide-lumefantrine – in the patient exploratory phase (Phase IIb) 
relies on lumefantrine (1);

• a risk that TACTs based on the currently available drugs (artemether-lumefantrine-
amodiaquine) may no longer be an option should artemisinin partial resistance spread 
further and partner drug resistance be observed;

• a disproportionate risk that is likely to be borne by the most vulnerable people, such 
as children under 5 years of age and pregnant women, especially in the poorest 
populations, thereby hampering social justice and increasing the inequity gap.

The impacts that are estimated in this section are listed in Table A3.1.
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Table A3.1. Health and economic impacts assessed

Type of impact Impact Description

Health  
impact

Additional malaria cases Estimated number of additional cases compared to 
a scenario with no resistance

Note: direct output of the Imperial College 
London model

Additional severe malaria 
cases

Estimated number of excess severe cases solely 
derived from the increased transmission

Note: hospitalized cases only, direct output of the 
Imperial College London model

Excess deaths Estimated number of total excess deaths solely 
derived from the excess severe cases

Economic  
impact

Cost of care for 
uncomplicated malaria cases

Cost of an RDT and an ACT, and cost of outpatient 
care delivery

Cost of inpatient care for 
severe malaria

Cost of treating patient with severe malaria 
(e.g.  cost of antimalarial drug, bed occupancy, etc.)

Cost of introduction of new 
first-line treatment 

Note: only the incremental 
cost of a new commodity has 
been estimated

Incremental cost of a new commodity

Note: one-off cost, as elements such as policy 
change, training and implementation costs are 
not factored in

Productivity losses Losses due to absenteeism in the workplace due to 
sickness, due to adults needing to care for their sick 
children and due to premature mortality

There are many unknowns around the health impacts associated with antimalarial drug 
resistance. The scenarios described below are hypothetical ones. The aim of this section is 
to give an idea of the health impacts (see Table A3.2) and economic costs (see Fig. A3.1) 
that would arise if antimalarial drug resistance were to further emerge and spread in Africa. 
The estimates presented below build on existing mathematical modelling studies and data. 
The results should be interpreted in the context of other evidence and broader research and 
complemented by field intelligence to refine predictions.

Scenarios for resistance in Africa

In 2016, researchers at Imperial College London built an African model simulation to estimate 
the potential impacts of artemisinin and/or partner drug resistance in Africa (2). Two forms 
of resistance are considered in this study: i) artemisinin partial resistance, which results in 
a proportion of treated individuals with delayed parasite clearance, and ii) partner drug 
resistance, which results in a proportion of individuals initially appearing to clear the infection 
before recrudescing to either symptomatic (clinical) or asymptomatic (parasitological) infection.
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The call to action for this Strategy is built upon three of the scenarios included in the paper:

1. Scenario 1: Widespread artemisinin partial resistance, partner drug still efficacious: 
In this scenario, 48% of infected individuals experience delayed clearance. The partner 
drug is still effective, with 6% of treated patients recrudescing.

2. Scenario 2: Medium artemisinin partial resistance and moderate partner drug 
resistance: In this scenario, 32% of infected individuals experience delayed clearance. 
The partner drug is moderately effective, with 13% of treated patients recrudescing.

3. Scenario 3: Widespread artemisinin partial resistance and high partner drug 
resistance: In this scenario, 54% of infected individuals experience delayed clearance. 
The partner drug is no longer effective, with 45% of treated patients recrudescing.

The levels of artemisinin partial resistance and partner drug resistance used in the original 
study are taken from studies in South-East Asia. These levels are used to parameterize the 
model and define the three scenarios. The model simulates the impact of these scenarios 
in different African settings, considering local data from the first administrative unit across 
Africa, namely the underlying population demographics, parasite prevalence, seasonal 
patterns of transmission and coverage of insecticide-treated nets. Scenarios are considered 
with some fixed level of resistance, assuming no mitigation efforts are undertaken during the 
timeframe studied.

The health impact in Africa

The estimate of additional malaria cases is a direct output of the model built by Imperial 
College London (2). The estimate is based on the following assumptions:

• All antimalarials in use are ACTs (this model does not consider other drug-based 
interventions such as seasonal malaria chemoprevention).

• Resistance to the artemisinin component or partner drug is uniform and fixed across 
Africa.

• Resistance is constant over the five-year period to the levels described in the scenarios 
(i.e. resistance is already at a steady state from the first year; a ramp-up period is not 
factored in).

• A recrudescing individual in a high-prevalence area has a higher probability of 
developing asymptomatic infection than an individual in a low-prevalence area due to 
greater acquired immunity.

The number of excess severe malaria cases is derived from the same study conducted by 
Imperial College London (2). One important note is that only hospitalized severe cases are 
considered in the Imperial College London model. The model underestimates the total number 
of excess severe cases by not factoring in the severe cases that would not reach hospital; 
at the same time, it overestimates the number of hospitalized severe cases as per the strict 
WHO case definition. Additionally, as the extent to which drug resistance affects the risk of 
an infection developing into a severe case is unclear, the additional severe malaria cases 
estimated in the model are only due to the increased transmission and the additional cases 
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resulting from treated individuals recrudescing to clinical infection. Therefore, the model takes 
into consideration symptomatic cases, although parasitological failures causing asymptomatic 
cases can also have severe clinical manifestations, potentially leading to death (3).

The number of excess deaths has been calculated separately. A 2003 study observed an 
association between the spread of chloroquine resistance in Africa in the 1980s and increased 
mortality in East and Southern Africa (4). Additionally, several studies have highlighted the 
correlation between treatment failure and increased severe anaemia and mortality (5), and 
the correlation (at least among children) between the need for transfusion and the risk of 
transfusion-transmitted HIV (6). Yet, the impact of antimalarial drug resistance on public health 
is likely to be less severe today than it was in the 1980s and 1990s.

The estimate presented below is derived from the additional malaria cases leading to severe 
cases and ultimately death. The underlying assumptions of another mathematical modelling 
study were leveraged (7). In this study, it is assumed that the overall mortality due to malaria 
is proportional to the incidence of hospitalized severe malaria. To predict the overall mortality 
due to malaria, the incidence of hospitalized severe malaria is multiplied by 0.215. The same 
multiplier was applied here to the number of hospitalized severe cases. This methodology 
generates a high-level estimate of the number of overall deaths that would be derived from 
the additional malaria cases. Nonetheless, this multiplier has its limitations, as it ignores the 
differences in case fatality resulting from variations in access to care (8). Further research 
grounded in field intelligence is required to determine the impact of resistance on mortality.

Table A3.2. Health impact due to artemisinin partial resistance and partner drug resistance in 
Africa per year

Scenario 1
Widespread artemisinin 

partial resistance, partner 
drug still efficacious

Scenario 2
Medium artemisinin partial 

resistance, moderate 
partner drug resistance

Scenario 3
Widespread artemisinin 
partial resistance, high 
partner drug resistance

Excess malaria casesa +2m +5m +16m

Excess severe casesb  
(Hospitalized cases only)

+44k +122k +364k

Excess deathsb +9k +26k +78k

Notes: a. numbers have been rounded to the nearest million, b. numbers have been rounded to the nearest thousand

Table A3.2 shows numbers per year, assuming a linear distribution of the estimated additional 
cases calculated over a five-year period (2016–2020) by the Imperial College London model, 
i.e. the output of the model was divided by 5, which is consistent with the model’s assumption of 
a steady state reached from year one.

Partner drug resistance represents a major threat. There is a pressing concern to respond to 
the emergence and spread of artemisinin partial resistance, especially due to the lack of viable 
alternatives. However, the model shows that a failing partner drug would result in an increase 
in malaria cases and morbidity greater than what would be observed with artemisinin partial 
resistance only.
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The economic impact in Africa

The economic burden of antimalarial drug resistance includes two cost categories (9):

• the direct cost of accessing1 and delivering malaria testing and treatment services from 
the perspective of the patient and the provider (health care system), respectively;

• the indirect cost, including elements such as lost productivity due to time spent out of 
work because of a patient’s own sickness or time spent caring for another sick individual.

Cost is considered from a country perspective and includes the cost borne by all relevant 
stakeholders involved in malaria care, including patients and caregivers (out-of-pocket 
expenses for an RDT and an ACT or during hospital admission, loss of income due to time 
spent away from work), and health care providers (cost of commodity procurement, cost of 
outpatient and hospital inpatient visits). The total cost was estimated for the entire African 
continent over a one-year period.

Direct cost

The total cost of treating the additional uncomplicated malaria cases, resulting from either 
increased transmission or treatment failures transitioning to symptomatic cases, was calculated 
as the sum of the commodity cost (cost of an ACT plus an RDT) and the cost for outpatient 
health service delivery multiplied by the number of additional malaria cases accessing care. 
The number of additional malaria cases accessing care was calculated using the total number 
of additional malaria cases multiplied by the percentage of children under 5 with fever in 
the past two weeks for whom advice or treatment was sought as a proxy (based on the most 
recent household surveys in sub-Saharan Africa (10)). For simplicity, it was assumed that all 
people seeking care would receive an RDT and an ACT. The total average cost used for an RDT 
plus an ACT was US$ 0.70 per case2 and a mean value of US$ 5.50 was used for the cost of 
outpatient health service delivery (average calculated with WHO-CHOICE data across all levels 
of health facilities for the WHO African Region (11)), which led to a total cost of treating one 
uncomplicated malaria case of US$ 6.20.

The total cost of treating the additional severe malaria cases was calculated by multiplying 
the unit cost of inpatient care for severe malaria by the number of inpatients from the Imperial 
College London model. An average cost of US$ 30.50 per inpatient bed day for inpatient 
health service delivery (average calculated with WHO-CHOICE data across all levels of 
health facilities for the WHO African Region (11)) was multiplied by an average hospital stay of 
7.8 days (12). This was then added to the cost of an injectable artesunate course, US$ 1.35 per 
60 mL vial, times three injections, which led to a total cost of treating one severe malaria case 
of US$ 242 (13).

The introduction of a new first-line treatment includes a one-off cost due to elements such 
as policy changes, training and implementation costs, and also a recurring cost linked to the 
incremental cost captured by the price of the new commodity (assuming that the new product 
is more expensive than the product it replaces). Only the latter is estimated here, considering a 
new ACT weighted average price of US$ 2 (14).

1 Excluding transportation cost.
2 Global Fund Pooled Procurement Mechanism weighted average price for an ACT and an RDT in 2020.
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Indirect cost

Lost productivity considered in this document results from excess morbidity and mortality. 
Lost productivity due to adults needing to care for their sick children or due to absenteeism in 
the workplace because of sickness was estimated assuming that each treatment failure and 
uncomplicated malaria case results in one week of lost productivity1 and that severe cases 
result in three weeks of lost productivity (15). These losses were valued using gross domestic 
product (GDP) per capita2 for each country (16). Lost productivity due to premature mortality 
was calculated based on the human capital approach,3 as estimated in a study in the United 
Republic of Tanzania covering the 2006–2015 period (17).

The estimate of lost productivity has some limitations. Among them, the adopted methodology 
uses a similar calculation approach across age groups, applying undifferentiated assumptions 
for adults and for younger age groups. Further research is needed to understand how malaria 
in young age groups impacts their caregiver’s productivity. In addition, lost productivity due to 
premature death is sensitive to the discount rate adopted in the calculation. Other limitations 
in the use of GDP, for instance, should be further considered. An aggregated cost per year is 
presented in Fig. A3.1 below.

Figure A3.1. Total economic cost of inaction from the perspective of both the provider and the 
patient/household due to artemisinin partial resistance and partner drug resistance per year, 
in US$ billion, by scenario

Scenario 1

High level estimates of the economic cost per year – in US$ billion

Scenario 2 Scenario 3

US$ ~0.1–0.2 billion

US$ ~1–1.1 billion

US$ ~0.4–0.5 billion

10%

8%52%
29%

8%

6%

44%

31%

19%

24%

41%

26%

First-line treatment 
policy change

Inpatient care

Productivity loss (mortality)

Diagnostics & treatment for failures

Productivity loss (morbidity)

Direct 
costs

Indirect
costs 

1 For treatment failure, only the additional week of lost productivity is considered in order to estimate the excess cost caused by 
resistance.

2 Applying a pro rata share to the annual GDP: number of cases (uncomplicated/severe) * number of weeks of lost productivity * 
country GDP per capita/52 (source: (16)) based on the number of weeks lost.

3 Lost productivity caused by premature mortality due to malaria, adjusted by a discount rate to get the present value of the future 
cost. Based on the article, a rate of 2.5 is used per death * GDP per capita * number of deaths.
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Although lost productivity accounts for the highest share of the economic impact of 
antimalarial drug resistance, estimated as per the methodology described, inaction could 
result in a recurring direct cost for individuals, their families and health care providers, 
especially in the case of an ACT policy change.

The assumptions and parameters considered here are relatively conservative. They do not 
factor in the impact of resistance in other areas where it could have dramatic consequences, 
including social welfare, equity, well-being and other health conditions associated with 
malaria. Children, who are the most affected by malaria, are likely to learn less at school 
because they are often absent or unable to concentrate and may develop longer term 
disabilities (18, 19). If individuals expect to live a shorter life, their savings and investment in 
human capital, such as in developing skills, knowledge and experience, will likely be limited. 
Additionally, antimalarial drug resistance is a biological threat to malaria eradication, 
further postponing the vast economic and social benefits that could be attained through 
eradication (20).

These health and economic impacts represent the cost of inaction against resistance. Their 
magnitude justifies a call to action for leaders and decision-makers to act in a timely and 
effective manner against the threat and potential impact of artemisinin partial resistance and 
partner drug resistance.
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Annex 4.  
Detailed resistance driver tree
The drivers are presented as an issue tree with four levels of granularity, from a macro level (level 1) to level 4, corresponding to the root causes of 
these drivers. The issue tree was developed through a broad literature review and consultation process.

Figure A4.1. Detailed resistance driver tree

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

High number 
and 

proportion 
of parasites 
exposed to 

a drug 

Failure to limit malaria burden with 
means other than antimalarial drugs

Broad use of antimalarials for 
unconfirmed cases • Hyper-sensitivity of diagnostics

Patterns of drug use and frequency 
of exposure

Prevalence of infection in certain 
population groups 

Untested/misdiagnosed cases

Low limit of detection for diagnostic tests

Low level of acquired immunity

Low vector control coverage in the area

• Difficult access to remote areas or urban slums

• Lack of availability of vector control tools

• Costly vector control tools

Low effectiveness of vector control 
interventions 

• Insecticide resistance

• Vector control interventions not adapted to the local 
entomological context (e.g. vector species, mosquito biting and 
resting patterns)

• Suboptimal targeting of vector control interventions

• Lack of quality-assured vector control tools

• Human behaviour (e.g. working and sleeping patterns, use of nets)

• Lack of coordination among neighbouring countries

Delayed deployment of vector control 
interventions 

• Timely response of indoor residual spraying interventions

• Slow introduction of newer vector control tools 

Lack of trust in negative diagnostic results

Widescale use of a drug as 
chemoprevention

Poorly conducted chemoprevention 
interventions (e.g. use of first-line drug) 

Parasites 
exposed to 

one drug only

Misuse and overuse of 
monotherapies

Reliance on a few ACT treatments

Misuse of recommended artemisinin-based 
monotherapies (e.g. injectable artesunate

and artemether, rectal artesunate for 
uncomplicated malaria or fever) 

Incorrect treatment of severe malaria patients 
(e.g. patients treated with injectable 

artesunate/artemether or rectal artesunate 
not receiving the subsequent full ACT treatment) 

Pipeline lacking alternative products, both non-
artemisinin-based and innovative artemisinin-

based combinations

Same ACT used widely, across regions

Use of non-recommended oral monotherapies

Combination of drugs with 
mismatched pharmacokinetic 

profiles within same treatment

Partner drug mono-exposure after companion 
drug clearance

Poor country preparedness to rapidly introduce 
new drugs • Inefficiencies in procurement plans

• Lengthy registration process

• No second-line treatment in the national treatment guidelines

• Same drug used for different types of interventions (e.g. first-line 
treatment used for chemoprevention)

Higher cost of ACTs other than artemether-
lumefantrine and artesunate-amodiaquine

• Logistics challenges in managing multiple ACTs

• Insufficient demand for alternative ACTs to artemether-
lumefantrine and artesunate-amodiaquine

Limited number of suppliers for alternative 
prequalified ACTs to artemether-lumefantrine 

and artesunate-amodiaquine

• Insufficient training and/or lack of supervision

• Insufficient health system financing to encourage prescription of 
the adequate treatment

• Provider or patient perception of efficacy

• Limited resources at hospital level (e.g. ACT stockouts)

• Weak enforcement capacity of the bans

• Economic barriers at patient level

Parasites 
exposed to 

subtherapeutic
levels of  

a drug

Individuals with low drug blood 
levels infected with malaria

Treatment of unconfirmed cases

Inadequate and insufficient vector control 
coverage in area

• Unsystematic diagnosis (e.g. due to lack of testing capabilities, 
overconsumption of antimalarials, especially in the private sector)

Inadequate treatment
(provider-related drivers)

Inadequate prescription (e.g. under-dosing)

Health care providers driven by motives other 
than quality

• Poor adherence to country guidelines (e.g. incomplete follow-up) 

• Higher reimbursement to providers for injectable therapies vs. ACTs

Unavailability of adequate and quality 
treatment

• Unequal access to trained and/or quality health care providers

• Stockouts of quality drugs

Patient factors affecting blood levels
(e.g. age, pregnancy, 
pharmacogenomics)

(addressable by new formulations)
Suboptimal regimen for specific population 

groups

• Non-adherence to treatment schedule (e.g. lack of directly 
observed therapy, patient feeling better)

Incomplete treatment
(patient behavioural drivers)

Discontinued treatment

Economic barriers

Unequal access to treatment

• Poor tolerability  of drugs

• Difficult access to remote areas, urban slums

• Need to pay out of pocket

• Lack of flexibility in procurement mechanisms

• Lack of follow-up 

Substandard and falsified drugs

• Inadequate manufacturing infrastructureDrug not produced in accordance with 
technical specifications (e.g. lower 

concentration of active pharmaceutical 
ingredient, poor stability – fast degradation)

Degraded drug

Counterfeit drug

• Insufficient pharmacovigilance at production stage

• Insufficient pharmacovigilance/post-market surveillance

• Poor storage or distribution conditions and management

• Inadequate regulations in place and/or weak regulatory 
enforcement capacity

Broad use of non-pharmaceutical 
forms of Artemisia

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Parasites not 
fully 

sensitive 
more likely 

to be 
transmitted

Recrudescent cases transmit malaria

Increased gametocyte carriage of 
resistant infections

Inadequate/insufficient vector control 
coverage in area

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Lack of follow-up

• Insufficient patient tracking (e.g. inaccurate data entry, 
inadequate tracking systems) 

• Inadequate HCW decision-making in response to recrudescent 
cases (e.g. due to unclear national guidelines, insufficient training)

Parasites carrying mutations linked 
to resistance as well as other 

mutations that could favour their 
spread

Parasites 
exposed to a 

drug to 
which they 

are not fully 
sensitive

Treatment failure followed by 
treatment with the same drug

Lack of information on efficacy and 
resistance to inform treatment

No policy on the use of second-line treatment 
for patients returning with treatment failure

Unavailability of second-line treatment in 
health facility 

Difficulty distinguishing recrudescence from 
reinfection

Lack of resistance tools to inform the treatment 
of individual patients

Limited number of TESs & molecular marker 
studies conducted

• Change of health facility after treatment failure 

• Lack of data (e.g. patient records)

Impediments to drug policy changes 
following treatment failure rate 

> 10%

Structural barriers at national level (e.g. lack of 
clear guidelines for switching drugs)

Supply constraints (e.g. from manufacturers)

• Unclear guidelines and lack of training

Lack of and delays in data sharing within and 
among countries

Limited quality and standardization of collected 
data

• Lack of compliance with WHO standard protocols

• Lack of human resources and continuing training

• Lack of quality control systems in laboratories

• Procurement challenges (e.g. delays in supplying commodities, 
higher cost of African-sourced supplies)

• Site of production capacity far from the place of consumption
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Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

High number 
and 

proportion 
of parasites 
exposed to 

a drug 

Failure to limit malaria burden with 
means other than antimalarial drugs

Broad use of antimalarials for 
unconfirmed cases • Hyper-sensitivity of diagnostics

Patterns of drug use and frequency 
of exposure

Prevalence of infection in certain 
population groups 

Untested/misdiagnosed cases

Low limit of detection for diagnostic tests

Low level of acquired immunity

Low vector control coverage in the area

• Difficult access to remote areas or urban slums

• Lack of availability of vector control tools

• Costly vector control tools

Low effectiveness of vector control 
interventions 

• Insecticide resistance

• Vector control interventions not adapted to the local 
entomological context (e.g. vector species, mosquito biting and 
resting patterns)

• Suboptimal targeting of vector control interventions

• Lack of quality-assured vector control tools

• Human behaviour (e.g. working and sleeping patterns, use of nets)

• Lack of coordination among neighbouring countries

Delayed deployment of vector control 
interventions 

• Timely response of indoor residual spraying interventions

• Slow introduction of newer vector control tools 

Lack of trust in negative diagnostic results

Widescale use of a drug as 
chemoprevention

Poorly conducted chemoprevention 
interventions (e.g. use of first-line drug) 

Parasites 
exposed to 

one drug only

Misuse and overuse of 
monotherapies

Reliance on a few ACT treatments

Misuse of recommended artemisinin-based 
monotherapies (e.g. injectable artesunate

and artemether, rectal artesunate for 
uncomplicated malaria or fever) 

Incorrect treatment of severe malaria patients 
(e.g. patients treated with injectable 

artesunate/artemether or rectal artesunate 
not receiving the subsequent full ACT treatment) 

Pipeline lacking alternative products, both non-
artemisinin-based and innovative artemisinin-

based combinations

Same ACT used widely, across regions

Use of non-recommended oral monotherapies

Combination of drugs with 
mismatched pharmacokinetic 

profiles within same treatment

Partner drug mono-exposure after companion 
drug clearance

Poor country preparedness to rapidly introduce 
new drugs • Inefficiencies in procurement plans

• Lengthy registration process

• No second-line treatment in the national treatment guidelines

• Same drug used for different types of interventions (e.g. first-line 
treatment used for chemoprevention)

Higher cost of ACTs other than artemether-
lumefantrine and artesunate-amodiaquine

• Logistics challenges in managing multiple ACTs

• Insufficient demand for alternative ACTs to artemether-
lumefantrine and artesunate-amodiaquine

Limited number of suppliers for alternative 
prequalified ACTs to artemether-lumefantrine 

and artesunate-amodiaquine

• Insufficient training and/or lack of supervision

• Insufficient health system financing to encourage prescription of 
the adequate treatment

• Provider or patient perception of efficacy

• Limited resources at hospital level (e.g. ACT stockouts)

• Weak enforcement capacity of the bans

• Economic barriers at patient level

Parasites 
exposed to 

subtherapeutic
levels of  

a drug

Individuals with low drug blood 
levels infected with malaria

Treatment of unconfirmed cases

Inadequate and insufficient vector control 
coverage in area

• Unsystematic diagnosis (e.g. due to lack of testing capabilities, 
overconsumption of antimalarials, especially in the private sector)

Inadequate treatment
(provider-related drivers)

Inadequate prescription (e.g. under-dosing)

Health care providers driven by motives other 
than quality

• Poor adherence to country guidelines (e.g. incomplete follow-up) 

• Higher reimbursement to providers for injectable therapies vs. ACTs

Unavailability of adequate and quality 
treatment

• Unequal access to trained and/or quality health care providers

• Stockouts of quality drugs

Patient factors affecting blood levels
(e.g. age, pregnancy, 
pharmacogenomics)

(addressable by new formulations)
Suboptimal regimen for specific population 

groups

• Non-adherence to treatment schedule (e.g. lack of directly 
observed therapy, patient feeling better)

Incomplete treatment
(patient behavioural drivers)

Discontinued treatment

Economic barriers

Unequal access to treatment

• Poor tolerability  of drugs

• Difficult access to remote areas, urban slums

• Need to pay out of pocket

• Lack of flexibility in procurement mechanisms

• Lack of follow-up 

Substandard and falsified drugs

• Inadequate manufacturing infrastructureDrug not produced in accordance with 
technical specifications (e.g. lower 

concentration of active pharmaceutical 
ingredient, poor stability – fast degradation)

Degraded drug

Counterfeit drug

• Insufficient pharmacovigilance at production stage

• Insufficient pharmacovigilance/post-market surveillance

• Poor storage or distribution conditions and management

• Inadequate regulations in place and/or weak regulatory 
enforcement capacity

Broad use of non-pharmaceutical 
forms of Artemisia

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Parasites not 
fully 

sensitive 
more likely 

to be 
transmitted

Recrudescent cases transmit malaria

Increased gametocyte carriage of 
resistant infections

Inadequate/insufficient vector control 
coverage in area

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Lack of follow-up

• Insufficient patient tracking (e.g. inaccurate data entry, 
inadequate tracking systems) 

• Inadequate HCW decision-making in response to recrudescent 
cases (e.g. due to unclear national guidelines, insufficient training)

Parasites carrying mutations linked 
to resistance as well as other 

mutations that could favour their 
spread

Parasites 
exposed to a 

drug to 
which they 

are not fully 
sensitive

Treatment failure followed by 
treatment with the same drug

Lack of information on efficacy and 
resistance to inform treatment

No policy on the use of second-line treatment 
for patients returning with treatment failure

Unavailability of second-line treatment in 
health facility 

Difficulty distinguishing recrudescence from 
reinfection

Lack of resistance tools to inform the treatment 
of individual patients

Limited number of TESs & molecular marker 
studies conducted

• Change of health facility after treatment failure 

• Lack of data (e.g. patient records)

Impediments to drug policy changes 
following treatment failure rate 

> 10%

Structural barriers at national level (e.g. lack of 
clear guidelines for switching drugs)

Supply constraints (e.g. from manufacturers)

• Unclear guidelines and lack of training

Lack of and delays in data sharing within and 
among countries

Limited quality and standardization of collected 
data

• Lack of compliance with WHO standard protocols

• Lack of human resources and continuing training

• Lack of quality control systems in laboratories

• Procurement challenges (e.g. delays in supplying commodities, 
higher cost of African-sourced supplies)

• Site of production capacity far from the place of consumption

Figure A4.1. Detailed resistance driver tree (continued)
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Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

High number 
and 

proportion 
of parasites 
exposed to 

a drug 

Failure to limit malaria burden with 
means other than antimalarial drugs

Broad use of antimalarials for 
unconfirmed cases • Hyper-sensitivity of diagnostics

Patterns of drug use and frequency 
of exposure

Prevalence of infection in certain 
population groups 

Untested/misdiagnosed cases

Low limit of detection for diagnostic tests

Low level of acquired immunity

Low vector control coverage in the area

• Difficult access to remote areas or urban slums

• Lack of availability of vector control tools

• Costly vector control tools

Low effectiveness of vector control 
interventions 

• Insecticide resistance

• Vector control interventions not adapted to the local 
entomological context (e.g. vector species, mosquito biting and 
resting patterns)

• Suboptimal targeting of vector control interventions

• Lack of quality-assured vector control tools

• Human behaviour (e.g. working and sleeping patterns, use of nets)

• Lack of coordination among neighbouring countries

Delayed deployment of vector control 
interventions 

• Timely response of indoor residual spraying interventions

• Slow introduction of newer vector control tools 

Lack of trust in negative diagnostic results

Widescale use of a drug as 
chemoprevention

Poorly conducted chemoprevention 
interventions (e.g. use of first-line drug) 

Parasites 
exposed to 

one drug only

Misuse and overuse of 
monotherapies

Reliance on a few ACT treatments

Misuse of recommended artemisinin-based 
monotherapies (e.g. injectable artesunate

and artemether, rectal artesunate for 
uncomplicated malaria or fever) 

Incorrect treatment of severe malaria patients 
(e.g. patients treated with injectable 

artesunate/artemether or rectal artesunate 
not receiving the subsequent full ACT treatment) 

Pipeline lacking alternative products, both non-
artemisinin-based and innovative artemisinin-

based combinations

Same ACT used widely, across regions

Use of non-recommended oral monotherapies

Combination of drugs with 
mismatched pharmacokinetic 

profiles within same treatment

Partner drug mono-exposure after companion 
drug clearance

Poor country preparedness to rapidly introduce 
new drugs • Inefficiencies in procurement plans

• Lengthy registration process

• No second-line treatment in the national treatment guidelines

• Same drug used for different types of interventions (e.g. first-line 
treatment used for chemoprevention)

Higher cost of ACTs other than artemether-
lumefantrine and artesunate-amodiaquine

• Logistics challenges in managing multiple ACTs

• Insufficient demand for alternative ACTs to artemether-
lumefantrine and artesunate-amodiaquine

Limited number of suppliers for alternative 
prequalified ACTs to artemether-lumefantrine 

and artesunate-amodiaquine

• Insufficient training and/or lack of supervision

• Insufficient health system financing to encourage prescription of 
the adequate treatment

• Provider or patient perception of efficacy

• Limited resources at hospital level (e.g. ACT stockouts)

• Weak enforcement capacity of the bans

• Economic barriers at patient level

Parasites 
exposed to 

subtherapeutic
levels of  

a drug

Individuals with low drug blood 
levels infected with malaria

Treatment of unconfirmed cases

Inadequate and insufficient vector control 
coverage in area

• Unsystematic diagnosis (e.g. due to lack of testing capabilities, 
overconsumption of antimalarials, especially in the private sector)

Inadequate treatment
(provider-related drivers)

Inadequate prescription (e.g. under-dosing)

Health care providers driven by motives other 
than quality

• Poor adherence to country guidelines (e.g. incomplete follow-up) 

• Higher reimbursement to providers for injectable therapies vs. ACTs

Unavailability of adequate and quality 
treatment

• Unequal access to trained and/or quality health care providers

• Stockouts of quality drugs

Patient factors affecting blood levels
(e.g. age, pregnancy, 
pharmacogenomics)

(addressable by new formulations)
Suboptimal regimen for specific population 

groups

• Non-adherence to treatment schedule (e.g. lack of directly 
observed therapy, patient feeling better)

Incomplete treatment
(patient behavioural drivers)

Discontinued treatment

Economic barriers

Unequal access to treatment

• Poor tolerability  of drugs

• Difficult access to remote areas, urban slums

• Need to pay out of pocket

• Lack of flexibility in procurement mechanisms

• Lack of follow-up 

Substandard and falsified drugs

• Inadequate manufacturing infrastructureDrug not produced in accordance with 
technical specifications (e.g. lower 

concentration of active pharmaceutical 
ingredient, poor stability – fast degradation)

Degraded drug

Counterfeit drug

• Insufficient pharmacovigilance at production stage

• Insufficient pharmacovigilance/post-market surveillance

• Poor storage or distribution conditions and management

• Inadequate regulations in place and/or weak regulatory 
enforcement capacity

Broad use of non-pharmaceutical 
forms of Artemisia

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Parasites not 
fully 

sensitive 
more likely 

to be 
transmitted

Recrudescent cases transmit malaria

Increased gametocyte carriage of 
resistant infections

Inadequate/insufficient vector control 
coverage in area

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Lack of follow-up

• Insufficient patient tracking (e.g. inaccurate data entry, 
inadequate tracking systems) 

• Inadequate HCW decision-making in response to recrudescent 
cases (e.g. due to unclear national guidelines, insufficient training)

Parasites carrying mutations linked 
to resistance as well as other 

mutations that could favour their 
spread

Parasites 
exposed to a 

drug to 
which they 

are not fully 
sensitive

Treatment failure followed by 
treatment with the same drug

Lack of information on efficacy and 
resistance to inform treatment

No policy on the use of second-line treatment 
for patients returning with treatment failure

Unavailability of second-line treatment in 
health facility 

Difficulty distinguishing recrudescence from 
reinfection

Lack of resistance tools to inform the treatment 
of individual patients

Limited number of TESs & molecular marker 
studies conducted

• Change of health facility after treatment failure 

• Lack of data (e.g. patient records)

Impediments to drug policy changes 
following treatment failure rate 

> 10%

Structural barriers at national level (e.g. lack of 
clear guidelines for switching drugs)

Supply constraints (e.g. from manufacturers)

• Unclear guidelines and lack of training

Lack of and delays in data sharing within and 
among countries

Limited quality and standardization of collected 
data

• Lack of compliance with WHO standard protocols

• Lack of human resources and continuing training

• Lack of quality control systems in laboratories

• Procurement challenges (e.g. delays in supplying commodities, 
higher cost of African-sourced supplies)

• Site of production capacity far from the place of consumption

Figure A4.1. Detailed resistance driver tree (continued)
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Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

High number 
and 

proportion 
of parasites 
exposed to 

a drug 

Failure to limit malaria burden with 
means other than antimalarial drugs

Broad use of antimalarials for 
unconfirmed cases • Hyper-sensitivity of diagnostics

Patterns of drug use and frequency 
of exposure

Prevalence of infection in certain 
population groups 

Untested/misdiagnosed cases

Low limit of detection for diagnostic tests

Low level of acquired immunity

Low vector control coverage in the area

• Difficult access to remote areas or urban slums

• Lack of availability of vector control tools

• Costly vector control tools

Low effectiveness of vector control 
interventions 

• Insecticide resistance

• Vector control interventions not adapted to the local 
entomological context (e.g. vector species, mosquito biting and 
resting patterns)

• Suboptimal targeting of vector control interventions

• Lack of quality-assured vector control tools

• Human behaviour (e.g. working and sleeping patterns, use of nets)

• Lack of coordination among neighbouring countries

Delayed deployment of vector control 
interventions 

• Timely response of indoor residual spraying interventions

• Slow introduction of newer vector control tools 

Lack of trust in negative diagnostic results

Widescale use of a drug as 
chemoprevention

Poorly conducted chemoprevention 
interventions (e.g. use of first-line drug) 

Parasites 
exposed to 

one drug only

Misuse and overuse of 
monotherapies

Reliance on a few ACT treatments

Misuse of recommended artemisinin-based 
monotherapies (e.g. injectable artesunate

and artemether, rectal artesunate for 
uncomplicated malaria or fever) 

Incorrect treatment of severe malaria patients 
(e.g. patients treated with injectable 

artesunate/artemether or rectal artesunate 
not receiving the subsequent full ACT treatment) 

Pipeline lacking alternative products, both non-
artemisinin-based and innovative artemisinin-

based combinations

Same ACT used widely, across regions

Use of non-recommended oral monotherapies

Combination of drugs with 
mismatched pharmacokinetic 

profiles within same treatment

Partner drug mono-exposure after companion 
drug clearance

Poor country preparedness to rapidly introduce 
new drugs • Inefficiencies in procurement plans

• Lengthy registration process

• No second-line treatment in the national treatment guidelines

• Same drug used for different types of interventions (e.g. first-line 
treatment used for chemoprevention)

Higher cost of ACTs other than artemether-
lumefantrine and artesunate-amodiaquine

• Logistics challenges in managing multiple ACTs

• Insufficient demand for alternative ACTs to artemether-
lumefantrine and artesunate-amodiaquine

Limited number of suppliers for alternative 
prequalified ACTs to artemether-lumefantrine 

and artesunate-amodiaquine

• Insufficient training and/or lack of supervision

• Insufficient health system financing to encourage prescription of 
the adequate treatment

• Provider or patient perception of efficacy

• Limited resources at hospital level (e.g. ACT stockouts)

• Weak enforcement capacity of the bans

• Economic barriers at patient level

Parasites 
exposed to 

subtherapeutic
levels of  

a drug

Individuals with low drug blood 
levels infected with malaria

Treatment of unconfirmed cases

Inadequate and insufficient vector control 
coverage in area

• Unsystematic diagnosis (e.g. due to lack of testing capabilities, 
overconsumption of antimalarials, especially in the private sector)

Inadequate treatment
(provider-related drivers)

Inadequate prescription (e.g. under-dosing)

Health care providers driven by motives other 
than quality

• Poor adherence to country guidelines (e.g. incomplete follow-up) 

• Higher reimbursement to providers for injectable therapies vs. ACTs

Unavailability of adequate and quality 
treatment

• Unequal access to trained and/or quality health care providers

• Stockouts of quality drugs

Patient factors affecting blood levels
(e.g. age, pregnancy, 
pharmacogenomics)

(addressable by new formulations)
Suboptimal regimen for specific population 

groups

• Non-adherence to treatment schedule (e.g. lack of directly 
observed therapy, patient feeling better)

Incomplete treatment
(patient behavioural drivers)

Discontinued treatment

Economic barriers

Unequal access to treatment

• Poor tolerability  of drugs

• Difficult access to remote areas, urban slums

• Need to pay out of pocket

• Lack of flexibility in procurement mechanisms

• Lack of follow-up 

Substandard and falsified drugs

• Inadequate manufacturing infrastructureDrug not produced in accordance with 
technical specifications (e.g. lower 

concentration of active pharmaceutical 
ingredient, poor stability – fast degradation)

Degraded drug

Counterfeit drug

• Insufficient pharmacovigilance at production stage

• Insufficient pharmacovigilance/post-market surveillance

• Poor storage or distribution conditions and management

• Inadequate regulations in place and/or weak regulatory 
enforcement capacity

Broad use of non-pharmaceutical 
forms of Artemisia

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4

Parasites not 
fully 

sensitive 
more likely 

to be 
transmitted

Recrudescent cases transmit malaria

Increased gametocyte carriage of 
resistant infections

Inadequate/insufficient vector control 
coverage in area

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”

Lack of follow-up

• Insufficient patient tracking (e.g. inaccurate data entry, 
inadequate tracking systems) 

• Inadequate HCW decision-making in response to recrudescent 
cases (e.g. due to unclear national guidelines, insufficient training)

Parasites carrying mutations linked 
to resistance as well as other 

mutations that could favour their 
spread

Parasites 
exposed to a 

drug to 
which they 

are not fully 
sensitive

Treatment failure followed by 
treatment with the same drug

Lack of information on efficacy and 
resistance to inform treatment

No policy on the use of second-line treatment 
for patients returning with treatment failure

Unavailability of second-line treatment in 
health facility 

Difficulty distinguishing recrudescence from 
reinfection

Lack of resistance tools to inform the treatment 
of individual patients

Limited number of TESs & molecular marker 
studies conducted

• Change of health facility after treatment failure 

• Lack of data (e.g. patient records)

Impediments to drug policy changes 
following treatment failure rate 

> 10%

Structural barriers at national level (e.g. lack of 
clear guidelines for switching drugs)

Supply constraints (e.g. from manufacturers)

• Unclear guidelines and lack of training

Lack of and delays in data sharing within and 
among countries

Limited quality and standardization of collected 
data

• Lack of compliance with WHO standard protocols

• Lack of human resources and continuing training

• Lack of quality control systems in laboratories

• Procurement challenges (e.g. delays in supplying commodities, 
higher cost of African-sourced supplies)

• Site of production capacity far from the place of consumption

Figure A4.1. Detailed resistance driver tree (continued)
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Drivers Level 1 Drivers Level 2 Drivers Level 3 Drivers Level 4
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means other than antimalarial drugs

Broad use of antimalarials for 
unconfirmed cases • Hyper-sensitivity of diagnostics

Patterns of drug use and frequency 
of exposure

Prevalence of infection in certain 
population groups 

Untested/misdiagnosed cases

Low limit of detection for diagnostic tests

Low level of acquired immunity

Low vector control coverage in the area

• Difficult access to remote areas or urban slums

• Lack of availability of vector control tools

• Costly vector control tools

Low effectiveness of vector control 
interventions 

• Insecticide resistance

• Vector control interventions not adapted to the local 
entomological context (e.g. vector species, mosquito biting and 
resting patterns)

• Suboptimal targeting of vector control interventions

• Lack of quality-assured vector control tools

• Human behaviour (e.g. working and sleeping patterns, use of nets)

• Lack of coordination among neighbouring countries

Delayed deployment of vector control 
interventions 

• Timely response of indoor residual spraying interventions

• Slow introduction of newer vector control tools 

Lack of trust in negative diagnostic results

Widescale use of a drug as 
chemoprevention

Poorly conducted chemoprevention 
interventions (e.g. use of first-line drug) 

Parasites 
exposed to 

one drug only

Misuse and overuse of 
monotherapies

Reliance on a few ACT treatments

Misuse of recommended artemisinin-based 
monotherapies (e.g. injectable artesunate

and artemether, rectal artesunate for 
uncomplicated malaria or fever) 

Incorrect treatment of severe malaria patients 
(e.g. patients treated with injectable 

artesunate/artemether or rectal artesunate 
not receiving the subsequent full ACT treatment) 

Pipeline lacking alternative products, both non-
artemisinin-based and innovative artemisinin-

based combinations

Same ACT used widely, across regions

Use of non-recommended oral monotherapies

Combination of drugs with 
mismatched pharmacokinetic 

profiles within same treatment

Partner drug mono-exposure after companion 
drug clearance

Poor country preparedness to rapidly introduce 
new drugs • Inefficiencies in procurement plans

• Lengthy registration process

• No second-line treatment in the national treatment guidelines

• Same drug used for different types of interventions (e.g. first-line 
treatment used for chemoprevention)

Higher cost of ACTs other than artemether-
lumefantrine and artesunate-amodiaquine

• Logistics challenges in managing multiple ACTs

• Insufficient demand for alternative ACTs to artemether-
lumefantrine and artesunate-amodiaquine

Limited number of suppliers for alternative 
prequalified ACTs to artemether-lumefantrine 

and artesunate-amodiaquine

• Insufficient training and/or lack of supervision

• Insufficient health system financing to encourage prescription of 
the adequate treatment

• Provider or patient perception of efficacy

• Limited resources at hospital level (e.g. ACT stockouts)

• Weak enforcement capacity of the bans

• Economic barriers at patient level

Parasites 
exposed to 

subtherapeutic
levels of  

a drug

Individuals with low drug blood 
levels infected with malaria

Treatment of unconfirmed cases

Inadequate and insufficient vector control 
coverage in area

• Unsystematic diagnosis (e.g. due to lack of testing capabilities, 
overconsumption of antimalarials, especially in the private sector)

Inadequate treatment
(provider-related drivers)

Inadequate prescription (e.g. under-dosing)

Health care providers driven by motives other 
than quality

• Poor adherence to country guidelines (e.g. incomplete follow-up) 

• Higher reimbursement to providers for injectable therapies vs. ACTs

Unavailability of adequate and quality 
treatment

• Unequal access to trained and/or quality health care providers

• Stockouts of quality drugs

Patient factors affecting blood levels
(e.g. age, pregnancy, 
pharmacogenomics)

(addressable by new formulations)
Suboptimal regimen for specific population 

groups

• Non-adherence to treatment schedule (e.g. lack of directly 
observed therapy, patient feeling better)

Incomplete treatment
(patient behavioural drivers)

Discontinued treatment

Economic barriers

Unequal access to treatment

• Poor tolerability  of drugs

• Difficult access to remote areas, urban slums

• Need to pay out of pocket

• Lack of flexibility in procurement mechanisms

• Lack of follow-up 

Substandard and falsified drugs

• Inadequate manufacturing infrastructureDrug not produced in accordance with 
technical specifications (e.g. lower 

concentration of active pharmaceutical 
ingredient, poor stability – fast degradation)

Degraded drug

Counterfeit drug

• Insufficient pharmacovigilance at production stage

• Insufficient pharmacovigilance/post-market surveillance

• Poor storage or distribution conditions and management

• Inadequate regulations in place and/or weak regulatory 
enforcement capacity

Broad use of non-pharmaceutical 
forms of Artemisia

See detailed level 3/4 of “Failure to limit transmission with means other 
than antimalarial drugs”
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than antimalarial drugs”

Lack of follow-up

• Insufficient patient tracking (e.g. inaccurate data entry, 
inadequate tracking systems) 

• Inadequate HCW decision-making in response to recrudescent 
cases (e.g. due to unclear national guidelines, insufficient training)

Parasites carrying mutations linked 
to resistance as well as other 

mutations that could favour their 
spread
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exposed to a 
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which they 

are not fully 
sensitive

Treatment failure followed by 
treatment with the same drug

Lack of information on efficacy and 
resistance to inform treatment

No policy on the use of second-line treatment 
for patients returning with treatment failure

Unavailability of second-line treatment in 
health facility 

Difficulty distinguishing recrudescence from 
reinfection

Lack of resistance tools to inform the treatment 
of individual patients

Limited number of TESs & molecular marker 
studies conducted

• Change of health facility after treatment failure 

• Lack of data (e.g. patient records)

Impediments to drug policy changes 
following treatment failure rate 

> 10%

Structural barriers at national level (e.g. lack of 
clear guidelines for switching drugs)

Supply constraints (e.g. from manufacturers)

• Unclear guidelines and lack of training

Lack of and delays in data sharing within and 
among countries

Limited quality and standardization of collected 
data

• Lack of compliance with WHO standard protocols

• Lack of human resources and continuing training

• Lack of quality control systems in laboratories

• Procurement challenges (e.g. delays in supplying commodities, 
higher cost of African-sourced supplies)

• Site of production capacity far from the place of consumption

Figure A4.1. Detailed resistance driver tree (continued)



77

Annex 5.  
Preliminary country assessment 
to prioritize interventions
To implement the Strategy, countries should start by assessing their baseline with respect to 
the status and drivers of resistance, as well as their available capabilities and bottlenecks that 
may have hindered the effective implementation and sustainability of interventions in the past. 
This assessment will aim at prioritizing and targeting the different interventions suggested in 
this Strategy.

This annex lists the main aspects that could be included in the assessment, acknowledging 
that some data might not be readily available and thus would be quite onerous to collect. 
The annex highlights a core set and an extended list of elements that can be included in the 
assessment if there are sufficient resources. Additionally, countries should leverage existing or 
ongoing assessments to consolidate already available information, thereby reducing the data 
collection burden.

The assessment should focus on three main areas: status of resistance and epidemiology, 
drivers of resistance, and overall health and regulatory systems.

Priority elements to assess

If resources to conduct the baseline assessment and data availability are limited, the following 
areas should be prioritized for the assessment.

1. Status of resistance and epidemiology

• Review of efficacy data in the country and region: An overview of efficacy data for 
first- and second-line treatments and chemoprevention regimens used in the country, as 
well as evidence for other ACTs. Data should be examined to detect changing patterns/
emergence of resistance.

• Review of data on known molecular markers in the country and region: An overview of 
data on molecular markers for artemisinin partial resistance (PfKelch13 mutations) and, 
where relevant, markers of ACT partner drug resistance.

• Main characteristics of in-country malaria epidemiology: Examples include the patterns 
of malaria transmission, parasite species, vector species and characteristics of the human 
population (e.g. level of immunity).

• Human population movements and migration patterns: Size, movements, behaviours 
and preferences of mobile and migrant populations, as, in the past, one commonality of 
the areas where resistance was suspected was the high number of migrant and mobile 
populations (1).
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2. Drivers of resistance

• Drug availability in-country:
• antimalarial drug(s) recommended in the national malaria treatment guidelines

• antimalarial drug(s) approved by the national regulatory authority

• antimalarial drug(s) produced in-country

• main procurement mechanisms of drugs imported into the country

• antimalarial drug(s) available to patients by sector (public, private formal, private 
informal)

• antimalarial drug(s) used in chemoprevention

• availability of non-recommended monotherapies such as oral artemisinin treatments

• availability of non-pharmaceutical forms of Artemisia (e.g. Artemisia tea).

• Drug use: Review available information on which treatments are used by patients, 
including the use of non-pharmaceutical forms of Artemisia
• (mis)use of monotherapies (injectable or rectal).

• Adherence to treatment guidelines – reference materials: access to key resources 
for malaria case management by public and private care providers, such as national 
treatment guidelines.

• Adherence to treatment guidelines – knowledge and understanding: should include 
knowledge of symptoms, prevention, and the need for parasitological diagnosis and 
adherence to treatment guidelines.

Extensive list to be progressively considered

The priority elements listed above may be completed along with the below elements to get a 
more comprehensive picture of a country’s starting point.

1. Status of resistance and epidemiology

1.1. Assess the current status of antimalarial drug efficacy and resistance and data 
availability.

• Map of data coverage: Efficacy studies are resource-intensive and a limited number 
of studies can be conducted each year. However, where data are only available 
from a few geographical provinces or transmission settings, these gaps need to be 
recognized and addressed.

• Capacity and quality: Highlight issues and challenges in terms of the capacity to 
perform TESs, surveys and laboratory analysis.

• Processes of data sharing in-country and with neighbouring countries: Review the 
current process and identify challenges in data access and sharing.
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1.2. Identify the areas and populations where the risk of resistance developing and 
spreading is high.

• Population groups with limited or no access to regular health services and groups 
with increased risk of malaria: These can include migrants and mobile populations 
(internal or international), refugees, military personnel, and populations in conflict 
areas.

• Vulnerable populations with relatively little immunity against the disease: These 
groups include children under 5, pregnant women, people living with HIV/AIDS and 
populations with low immunity moving to areas with high transmission. The poorest 
and most marginalized populations, also at great risk of malaria, should be identified.

• Data gaps: Identify areas and populations from which no information is available, 
for instance areas and populations not covered by surveillance systems. This could 
include groups such as migrants or military personnel.

• Demographic and social patterns of access to services and vector control 
interventions: This can include disaggregation by geography, gender, age, 
occupation and ethnicity.

• Demographic and social patterns of overuse and misuse of treatment: This can 
include disaggregation by geography, gender, age, occupation and ethnicity.

• Burden and transmission: This includes the geographical, demographic and social 
distribution of the malaria burden.

2. Drivers of drug resistance

2.1. Understand the access to, availability and use of diagnostics, drugs and vector control 
interventions.

• Treatment-seeking patterns: Review available information on where patients seek 
and receive treatment for malaria (e.g. in the public vs. private sector).

• Regulation of private sector: Review existing regulation in place for the private sector.

• Groups with use of treatment diverging from national treatment policy: In some 
countries, large risk groups, such as the military, could have supplies and treatment 
policies that differ from those promoted by the ministry of health. The policy and 
impact of this need to be assessed.

• Supply chain: Map out in-country supply chains, including the main distribution 
channels and storage; assess stockouts in the public sector as a priority (frequency 
and root causes).

• Quality of drugs throughout the supply chain: Review available data on the quality 
of drugs throughout the supply chain, key potential factors of drug degradation (e.g. 
heat in facilities), and the systems in place to monitor this.

• Diagnostics availability, use and quality:
• data on the availability and use of diagnostics by sector, including what proportion 

of patients treated with antimalarials receive a parasitological diagnosis

• quality of diagnostics, including a list of key challenges around diagnostics quality, 
and availability of information on the presence and prevalence of Pfhrp2/3 gene 
deletions.
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•  Vector control interventions availability and use:
• availability of entomological data on species, biting patterns and insecticide 

resistance to ensure good targeting of vector control interventions

• availability and coverage of vector control interventions by type

• use of vector control and main challenges encountered in increasing coverage and 
use.

•  Chemoprevention interventions coverage and delivery:
• coverage of chemoprevention interventions

• drugs used during chemoprevention interventions

• adherence to WHO Guidelines for malaria (2) in the planning and delivery of 
chemoprevention interventions.

•  Background drivers of resistance: Depending on a country’s situation, specific 
research and assessment could be targeted at the most context-relevant background 
drivers, especially environmental ones.

2.2. Understand the current behavioural drivers of care provider and patient choices.

• Care providers: Review information on the knowledge, attitudes and practices of care 
providers (by provider type as available): 
• Practices: This should include patterns of diagnosis, prescription and 

communication to patients, including the role of traditional healers.

• Felt needs and preferences: This should include the preference for prescribing 
certain types and dosages of treatment, perceived benefits of parasitological 
diagnosis and malaria treatments, and perceived value in spending time to ensure 
that patients understand the importance of taking the full treatment.

• Barriers and incentives that could affect the effectiveness of interventions: 
This should include barriers to treating patients as per the national treatment 
guidelines (e.g. availability of drugs), as well as incentives for providing non-
recommended treatments (e.g. financial).

• Patients: Review information on the knowledge, attitudes and practices of patients.
• Practices: This should include when and where treatment is sought, compliance to 

prescribed treatment and use of vector control interventions.

• Knowledge and understanding: This should include knowledge of symptoms, 
prevention, and the need for parasitological diagnosis and completion of the 
correct treatment.

• Communication: This should include the main sources of information on malaria 
prevention and treatment, and key challenges in communication (e.g. language).

• Felt needs and preferences: This should include the preference for certain 
sources, types and dosages of treatment, perceived benefits of parasitological 
diagnosis and malaria treatments, perceived value in taking the full treatment, 
and key perceived challenges in accessing quality treatment and vector control 
interventions.

• Barriers and incentives that could affect the effectiveness of interventions: This 
should include barriers making it difficult to seek treatment, as well as incentives, 
for instance for taking the full treatment.
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3. Strengths and weaknesses of the health and regulatory systems

3.1. Assess the strengths of the health and regulatory systems.

• Health care funding mix: Examples include the mix between donor-provided funds, 
domestic public funding, private health insurance and out-of-pocket payments.

• Structure of care provision: This includes assessment of the role and importance of 
the different sectors of care (e.g. public, private formal and informal sectors).

• Integrated delivery of care: Examples include the level of integration of care delivered 
throughout the patient journey (e.g. referral to inpatient care) and across different 
diseases (e.g. integrated community case management).

• Quality of care: Examples include indicators measuring coverage (e.g. universal 
health coverage index), infrastructure (e.g. number of operating rooms) and health 
outcomes (e.g. neonatal mortality).

• Human resources: Examples include the availability of resources (e.g. number of 
nurses per 1000 people), distribution of HCWs across the country and their level of 
training.

• Health information systems and monitoring: Examples include assessment of 
the systems and processes in place to monitor, analyse and evaluate ongoing 
programmes.

• Procurement and supply management systems: Examples include planning and 
projecting a country’s health resource needs, the availability of pharmaceuticals and 
supply of products to the facilities.

• National treatment guidelines and registration of essential medicines: Examples 
include the inclusion of an ACT as a second-line treatment.

• Enforcement capacity: Examples include the capacity to assess and proactively 
monitor the quality of drugs and enforce sanctions.

3.2. Understand the gap between the plans developed by the NMP and their effective 
implementation.

• Countries should rely on existing monitoring and evaluation frameworks and on 
interviews with local, regional and global stakeholders to identify the bottlenecks that 
have hindered past or ongoing implementation of interventions to fight malaria (e.g. 
obstacles to the withdrawal of monotherapies).

3.3. Identify synergies with other strategies and global plans.

• Identify interventions already being deployed within the framework of other 
strategies that could be beneficial and further leveraged to respond to antimalarial 
drug resistance, e.g. training and awareness campaigns suggested in the Global 
action plan on antimicrobial resistance (3).
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Annex 6.  
Detailed interventions per 
stakeholder
This annex gives a summary of the different actions that should be undertaken by each 
stakeholder. The actions have been derived from the interventions described in Chapter 5 of 
the Strategy. Details and examples of the activities are provided in the core document. Further 
prioritization will be needed depending on the preliminary assessment conducted by each 
country (see Annex 3).

Ministries of health

Strengthen surveillance of antimalarial drug efficacy and resistance

• Strengthen the process to generate and consolidate more quality data on antimalarial 
drug efficacy and resistance by promoting systematic adherence to WHO’s standard 
protocols, providing continuing training, establishing a supervision and quality control 
system for TESs.

• Increase the frequency of TESs and, if necessary, the capacity to conduct them. Provide 
support in increasing the capacity to conduct genomic and pharmacokinetic studies and 
provide training.

• Consider collecting a broad spectrum of samples (smears, filter paper, whole blood) at 
select sites and monitor trends over time. Sign agreements with academic institutions to 
secure their support and leverage their knowledge, expertise and capabilities.

• Engage with other countries and with regional and global stakeholders to consider 
the development of a robust subregional network of surveillance for antimalarial drug 
efficacy and resistance, including regional reference centres, a harmonized regional 
framework for data sharing and a systematic quality control system.

• Establish a clear process to improve data dissemination among all stakeholders (internally 
and with other countries) by leveraging existing groups or building dedicated ones.

Optimize and better regulate the use of diagnostics and therapeutics to limit drug pressure

• Review national treatment guidelines based on the WHO Guidelines for malaria (1) and 
regularly update them based on the latest evidence on local antimalarial drug efficacy.

• Investigate and revise policies to support appropriate case management across health 
sectors, with an intensified effort towards the private sector, and to drive down the 
treatment cost for individual patients in certain population groups.

• Collaborate with the national regulatory authority to enforce a stringent regulatory 
framework for quality standards for antimalarial drug and diagnostic tools, to withdraw 
non-recommended oral monotherapies from markets and to reach the private sector.
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• Promote the availability of a diversified portfolio of antimalarial drugs and diagnostic 
tools by optimizing the process of including new ACTs in the national treatment 
guidelines and working with global partners to ensure the availability of different ACTs 
as second-line treatment in the country and diagnostic tools across health sectors.

• Promote efficient and flexible national procurement plans by assessing local needs, 
consolidating them at national level, improving demand forecasting, and assessing 
opportunities to increase the availability of antimalarials and diagnostic tools through 
complementary procurement mechanisms.

• Increase access to quality health services for underserved communities and populations 
by developing initiatives to address barriers, such as financial ones, and by engaging 
with communities.

• Engage with the private sector to bridge the gap between public and private care by 
regularly assessing adherence to national treatment guidelines and working through 
private sector channels (pharmacies and distributors) to ensure broad-based availability 
of high-quality ACTs and diagnostic testing. 

• Raise awareness of populations and key stakeholders on antimalarial drug resistance 
and treatment guidelines.

• Allocate resources for the training of HCWs to promote adherence to treatment guidelines 
and WHO protocols.

• Collaborate with neighbouring countries by enforcing systematic monitoring of the 
circulation of drugs at borders, taking coordinated measures to stop the production and 
export of substandard or falsified drugs and non-recommended monotherapies.

React to resistance by limiting the spread of antimalarial drug-resistant parasites

• Intensify efforts to prioritize and optimize vector control interventions in priority areas, 
address potential barriers to the rapid scale-up of vector control interventions and 
complement existing tools with innovative ones.

• Promote the targeted deployment of chemoprevention and vaccination campaigns in 
accordance with WHO guidelines.

• Develop actionable standard operating procedures for recrudescent cases.

• Depending on the national treatment guidelines, consider the use of single low-dose 
primaquine in areas of confirmed or suspected artemisinin partial resistance and in cases 
of suspected recrudescence.

• Communicate early warning signals of resistance to neighbouring countries and promote 
coordinated actions at borders.

Stimulate research and innovation to better leverage existing tools and develop new ones 
against resistance

• Consider, with the support of global partners, the implementation of pilots to test 
alternative approaches to using current treatments.

• Collaborate with academia and research institutes to conduct setting-specific modelling 
supported by research.
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National regulatory authorities

• Establish a stringent regulatory framework for quality antimalarial drugs and diagnostic 
tools and collaborate with the ministry of health to enforce it.

• Intensify efforts to regulate and collaborate with the ministry of health to enforce 
complete withdrawal of non-recommended oral monotherapies from markets.

• Increase monitoring of antimalarial drug and diagnostic quality, especially in the private 
sector, as part of post-market surveillance activities.

• Promote the availability of a diversified portfolio of antimalarial drugs and diagnostic 
tools by optimizing the registration process.

• Collaborate with neighbouring countries by promoting the adoption of a harmonized 
regulatory framework.

Regional organizations

• Raise overall awareness on antimalarial drug resistance.

• Advocate to malaria-endemic countries to produce quality data on antimalarial drug 
efficacy and resistance and adhere to WHO standard protocols.

• Support the development of robust antimalarial drug efficacy and resistance surveillance 
networks across Africa, for instance by supporting countries in addressing procurement 
challenges for surveillance supplies.

• Advocate for a diversified portfolio and diversified sources of supply of antimalarials and 
diagnostic tests.

• Contribute to the establishment of a viable and sustainable marketplace by supporting 
the development of continent-wide harmonization of regulatory standards and 
processes; facilitating the uptake of innovative technologies; coordinating joint safety 
monitoring and assessments of medical products; and providing advice on local 
pharmaceutical industry development.

• Advocate for the inclusion of drug resistance management actions in the mandate of 
regional organizations.

• Support countries in accessing and rapidly mobilizing resources, and optimizing the 
deployment of preventive measures.

World Health Organization and other multilateral organizations

• Raise awareness on the threat of antimalarial drug resistance and on the need to act, 
through targeted communication at the global, regional and local levels.

• Lead and coordinate the response to antimalarial drug resistance by consolidating 
data from all relevant stakeholders and by recommending the appropriate course of 
preventive and reactive actions.
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• Provide technical support to countries and partners, for example to build strong and 
sustainable networks of surveillance, to review treatment guidelines and to optimize 
deployment of vector control interventions.

• Advocate for and support country coordination, for instance in the establishment or 
strengthening of subregional networks for antimalarial drug efficacy and resistance 
surveillance

• Advocate for a continued effort to conduct research on antimalarial drug resistance.

Funding agencies and donors

• Advocate for the need to respond to antimalarial drug resistance.

• Provide financial and technical support to strengthen surveillance networks at country 
and regional levels.

• Support countries in diversifying their portfolio of antimalarial drugs and diagnostic tools.

• Provide a coordinated effort to address market failures and develop a viable and 
sustainable marketplace by engaging with manufacturers and defining market 
interventions to ensure the availability and affordability of quality ACTs and diagnostic 
tools.

• Advocate for key actions, such as the withdrawal of the remaining non-recommended 
oral monotherapies from the market and the monitoring of at-risk areas by countries and 
regional organizations.

• Provide technical and financial support to countries to improve access to quality care, 
especially in the underserved populations and in the private sector.

• Support countries in rapidly mobilizing resources, for instance for vector control 
interventions.

• Provide adequate funding to advance research and develop pilots on priorities identified 
in the Strategy.

Academia and research institutions

• Strengthen the surveillance of antimalarial drug efficacy and resistance by generating 
and consolidating more quality data, increasing the frequency of TESs, and increasing 
capacity to conduct genomic and pharmacokinetic studies.

• Support the NMP in the training of health care professionals, including through 
continuing professional development and additional courses, such as microscopy and 
leadership training.

• Foster cross-sectoral collaboration.

• Systematically and rapidly make the outputs of studies available to NMPs and other 
relevant stakeholders.
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Civil society organizations and community-level networks

• Raise awareness and foster community engagement around the response to antimalarial 
drug resistance.

• Coordinate with the NMP to implement interventions at community level, with an 
increased focus on bridging the gap between public and private sectors and increasing 
efforts to reach underserved communities.

• Support the NMP in developing and conducting targeted training for health care 
providers.

• Collaborate with the NMP to communicate to and raise awareness among patients.

Care providers (public and private)

• Adhere to national treatment guidelines.

• Promote adherence to guidelines.

• Coordinate with the NMP by sharing information on storage, stock management and 
patient use.

The stakeholders mentioned above are considered the most relevant in the response to 
antimalarial drug resistance, but this Strategy calls for broader action. As highlighted in 
the Multisectoral action guide to end malaria (2), all sectors have an important role to play 
in promoting and protecting community health from the burden of malaria. Multisectoral 
collaboration should target multiple objectives. First, it should ensure that both pre-emptive 
and reactive measures are adequately and efficiently implemented in a timely manner in all 
sectors, including those that are harder to reach, such as the military or workers hired by private 
companies in remote areas. Second, it should prevent actions being taken outside of the health 
sector that unwittingly hinder the response to resistance, for example actions that promote 
work-related mobility of populations into malaria-endemic areas without ensuring adequate 
access to malaria prevention, diagnosis and treatment. And third, it should foster coordination 
among different sectors to maximize the impact of the response to resistance.

References
1. WHO Guidelines for malaria, 3 June 2022. Geneva: World Health Organization; 2022 (https://apps.who.

int/iris/handle/10665/354781, accessed 7 September 2022).

2. Multisectoral action guide to end malaria. Geneva: RBM Partnership to End Malaria; 2021 (https://
endmalaria.org/related-material/multisectoral-action-guide-end-malaria, accessed 7 September 
2022).

https://apps.who.int/iris/handle/10665/354781
https://apps.who.int/iris/handle/10665/354781
https://endmalaria.org/related-material/multisectoral-action-guide-end-malaria
https://endmalaria.org/related-material/multisectoral-action-guide-end-malaria


For further information please contact:

Global Malaria Programme
World Health Organization
20, avenue Appia
CH-1211 Geneva 27
Switzerland
Email: GMPinfo@who.int


	Foreword
	Acknowledgements
	Abbreviations and acronyms
	Executive summary
	1.	Introduction
	1.1	Purpose of the Strategy
	1.2	Structure of the Strategy

	2.	Context
	2.1	The malaria burden in Africa
	2.2	ACTs at the heart of the response
	2.3	Defining and monitoring resistance

	3.	The threat of antimalarial drug resistance in Africa
	3.1	Antimalarial drug resistance in Africa
	3.2	The need for an African-wide strategy

	4.	Drivers of resistance
	4.1	Overview of drivers of resistance
	4.2	Background drivers of resistance
	4.3	Treatment-related drivers of resistance

	5.	Interventions to mitigate the risks and respond to the emergence and spread of antimalarial drug resistance in Africa
	5.1	Preliminary assessment to prioritize interventions
	5.2	�Interventions to address key drivers of antimalarial drug resistance

	6.	Role of stakeholders and enabling mechanisms
	6.1	Role of key stakeholders
	6.2	Ensuring that key enabling mechanisms are in place

	References
	Annex 1. 
Strategy development process
	Annex 2. 
Definitions of resistance
	Annex 3. 
Threat and potential impact of resistance
	Annex 4. 
Detailed resistance driver tree
	Annex 5. 
Preliminary country assessment to prioritize interventions
	Annex 6. 
Detailed interventions per stakeholder



