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Plasmodium cycle

Anopheles gambiae© James Gathany / CDC 

Alan F. Cowman & Brendan S. Crabb. Nature Biotechnology. 2002

 Malariae

 Knowlesi

 Falciparum

 Vivax

 Ovale
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55% malaria cases from 6 countries:
- Nigeria: 26.8%
- DRC: 12%
- Uganda: 5.4%
- Mozambique: 4.2%
- Angola: 3.4%
- Burkina Faso: 3.4%

Feachem et al. 2019, Lancet ;394(10203):1056-1112

WHO. World Malaria Report, WHO, 2021

Global malaria distribution
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• 249 millions cases in 2020 in 85 countries

• Incidence decreased by 27% between 2010 
and 2015 and < 2% between 2015 and 2019

• Increase in number of cases in 2019 due to 
COVID 19 pandemic 

• Twenty nine countries accounted for 95% of 
malaria cases globally 

• Global mortality estimated at 627,000 in 2020

• Increase in number of deaths in 2020 due to 
COVID 19 pandemic (68%), and new method 
of calculation (32%)

• Mortality decreased by 50% between 2010 
and 2019

WHO. World Malaria Report, WHO, 2021

Malaria mortality

Malaria incidence

Epidemiology
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James S. McCarthy, Richard N. Price, in Mandell, Douglas, and Bennett's 
Principles and Practice of Infectious Diseases (Eighth Edition), 2015

2006
Artemisinin

Combination 
Therapies (ACTs)

• Uncomplicated P. falciparum malaria
• Artemether-lumefantrine
• Artesunate-amodiaquine
• Artesunate-sulfadoxine -

pyrimethamine
• Artesunate-mefloquine
• Dihydroartemisinin-piperaquine
• Artesunate-pyronaridine*

• Severe malaria

• Injectable artesunate

• Special risk groups

• Intermittent preventive 
treatment in pregnant 
women (IPTp) with SP

• Perennial and seasonal 
malaria chemoprevention 
(PMC and SMC) with SP and 
SP/AQ respectively
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Antimalarial treatments

https://www.sciencedirect.com/book/9781455748013


Drugs Introduction “First” year
reported resistance Difference (years)

Quinine 1832 1910 278

Chloroquine 1945 1957 12

Proguanil 1948 1949 1

Sulfadoxine-
pyrimethamine

1967 1967 <1

Mefloquine 1977 1982 5

Atovaquone 1996 1996 <1

Artemisinin deriv. 1971 2006-2007 35

Adapted version of Wongsrichanalai et al. Lancet Infectious Diseases. 2002
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Antimalarial drug resistance



• De novo mutations arise spontaneously and rarely (1 in 1011 to < 1 in 1018)
• De novo mutations highly likely to occur in hyperparasitaemic patients with high parasite 

biomass (up to 1012)
• Degree of resistance conferred by the genetic event (mutation, gene copy number)
• Fitness cost of the genetic event leading to resistance
• Drug half life and pharmacodynamics play a major role in selecting resistant parasites
• Emergence also affected by drug levels (under-dosing that selects resistant parasites)
• Selection of resistant parasites by drug pressure 
• Emergence and selection of resistant parasite in low transmission settings

Hastings & Watkins. Trends Parasitol. 2006;22(2):71-7Hastings & Watkins. Acta Trop. 2005 Jun;94(3):218-29. 
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Emergence of antimalarial drug resistance



• Spread from low to high transmission settings
• Emergence of low grade resistance in high 

transmission settings 
• Intrahost competition plays an important role in 

high transmission settings

Hayton & Su. Curr Genet. 2008 Nov;54(5):223-39. 
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Spread of antimalarial drug resistance



Dondorp et al., N Engl J Med. 2009;361(5):455-67

WHO. Global Malaria Programme.2020
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Emergence of artemisinin resistance



WHO. Global Malaria Programme. 2018Van der Pluijm et al. Lancet Infect Dis. 2019;19(9):952-961

Artesunate-sulfadoxine -pyrimethamine

Artesunate-amodiaquine

Artesunate-mefloquine

Dihydroartemisinin-piperaquine

Artemether-lumefantrine

Artesunate-pyronaridine
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ACT resistance



Balikagala et al. N Engl J Med. 2021;385(13):1163-1171

• Local emergence of Artemisinin resistant parasites in Rwanda and Uganda
• Molecular markers (Pfk13 mutations) associated with delayed parasite clearance
• Artemisinin resistance was not associated with ACT treatment failure

Uwimana et al. Nat Med. 2020;26(10):1602-1608.

Uwimana et al. Lancet Infect Dis. 2021;21(8):1120-1128.

Nsanzabana. Malar J. 2021;20(1):401.

R561H
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Confirmed artemisinin resistance in Africa
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How to prevent/slow antimalarial drug resistance



Gold standard 

Abdul-Ghani et al., Acta Trop. 2014;137:44-57
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Antimalarial drug efficacy monitoring



Ataide et al. Proc Natl Acad Sci U S A. 2017; 114(13): 3515–3520

• Decreasing blood stage immunity associated with increasing 
PC1/2 and increasing prevalence of PfK13 mutations

• Naturally acquired immunity: confounding factor for drug efficacy
• Naturally acquired immunity accelerates parasites clearance 

after artesunate treatment
• Therapeutic efficacy studies in < 5 years old in high transmission 

settings

Lopera Mesa et al., J. Infect. Dis. 2013;207(11):1655-63
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Antimalarial drug resistance and immunity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5380044/


90-93 93-95 95-97 97-99 00-02
UNTIL LATE 80s

Sulfadoxine-pyrimethamine drug introduction in Kenya (Kilifi)

Data from Alexis Nzila, Edward Mberu Kamau and Carol Sibley

EARLY WARNING
BEFORE CLINICAL 
FAILURE

X

X

X

X

In vitro: PYR IC50

Molecular: Pfdhfr
triple mutant 

SP resistance 
in vivo
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Use of molecular markers of resistance for surveillance



https://africacdc.org/institutes/ipg/ Accessed 31.08.2021

https://africacdc.org/institutes/ipg/ Accessed 26.09.2022
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COVID-19 as an accelerator for molecular surveillance in Africa

https://africacdc.org/institutes/ipg/
https://africacdc.org/institutes/ipg/


https://www.mmv.org/research-development/mmv-supported-projects 17

Antimalarial drugs pipeline
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Thanks for your attention!
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