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• Uncomplicated falciparum malaria
Artemisinin-based combination therapies: 
• Artemether-lumefantrine
• Artesunate-amodiaquine
• Artesunate-mefloquine
• Artesunate-SP
• Dihydroartemisinin-piperaquine
• Artesunate-pyronaridine (in areas where others ACTs are 

failing)

• Severe malaria
• Artesunate, artemether, quinine followed by ACT

Treatment guidelines for falciparum malaria



• In areas with chloroquine-susceptible infections: ACT or 
chloroquine (+primaquine)

• In areas with chloroquine-resistant infections: ACT (+primaquine)

Treatment guidelines for vivax malaria



• Antimalarial 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 resistance is defined as delayed parasite clearance following 
treatment with an artesunate monotherapy or with an ACT – partial 
resistance would be more appropriate wording;

• Multidrug resistance (MDR) is resistance to more than 2 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 or to prevent their recrudescence after the administration of 
an antimalarial. Many factors can contribute to treatment failure, including 
incorrect dosage, poor patient compliance, poor drug quality, and drug 
interactions and resistance. Most of these factors are addressed by 
therapeutic efficacy studies.

Definitions



• Therapeutic efficacy studies (TES)
• Prospective evaluations of patients’ clinical and 

parasitological responses to treatment for uncomplicated 
malaria. 

• Considered the gold standard for assessing antimalarial 
drug efficacy. The resulting data are used to inform national 
malaria treatment policy in malaria endemic countries.

Monitoring efficacy and resistance

• Studies conducted according to the WHO protocol, repeatedly at the 
same sites and at regular intervals, allow early detection of changes in 
treatment efficacy and comparison of results within and across regions 
over time.

• Molecular markers
• Drug resistance is one of the causes of treatment failure. Once genetic 

changes associated with resistance are identified (molecular markers), 
drug resistance can be confirmed and monitored with molecular 
techniques. 



Molecular markers of drug resistance for falciparum

Chemical 
family

Drug Molecular marker

4-Aminoquinolines

Chloroquine Pfcrt SNP*

Amodiaquine
Molecular marker yet to be validated. Studies show that 
amodiaquine select for Pfmdr1 (86Y)

Piperaquine Pfpm2-3 copy number

Antifolates
Pyrimethamine Pfdhfr SNP*

Sulfadoxine Pfdhps SNP*

Amino-alcohols

Mefloquine Pfmdr1 copy number

Lumefantrine

Molecular marker yet to be validated. Studies show that
lumefantrine select for Pfmdr1 (N86). Recent data do not 
confirm Pfmdr1 copy number as a marker of lumefantrine 
resistance.

Sesquiterpene 
lactones

Artemisinin and 
artemisinin derivates  

PfK13 SNP*

Naphthoquinone Atovaquone Pfcytb SNP*

* SNP: Single nucleotide polymorphisms



Monitoring artemisinin resistance

F446I

M476I

R561H

I543T

Y493H

Line between artemisinin-
resistance regions

N458YI

R539T

P553L

C580Y

Distribution of K13 mutants in the GMS
• In vivo artemisinin resistance is 

defined as delayed parasite 
clearance. In TES seen as 
increased proportion of patients 
positive on day 3.  

• Artemisinin resistance is also 
monitored via different 
validated K13 mutations.



Percentage of samples with C580Y mutation

Percentage of parasites with C580Y

Studies done with start-year 
2008-2011 and n≥ 15

Studies done with start-year 
2013-2015 and n≥ 15
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Relation between ACT efficacy and K13 mutations

Year Site ACT N Efficacy 28/42 
days (%)

K13 mutant (%) Pfmdr1
(n > 1) (%)

2011 Pailin
Cambodia

Artesunate-
mefloquine

29 100 75.9 
(C580Y)

6.9

2012-13 Dak Nong
Viet Nam

Dihydro-
piperaquine

33 100 72.7
(C580Y; Y493H)

N/A

2014 Yingjiang county
Yunnan, China

Dihydro-
piperaquine

23 100 91.3
(F446I)

N/A

2014-15 Champassak
Lao PDR

Artemether-
lumefantrine

29 93.2 83.3
(C580Y; R539T)

N/A

2014-16 Kratie, Siam 
Riep, Pursat, 

P. Vihear 
Cambodia

Artesunate-
mefloquine

305 100 94.2
(C580Y)

< 5



Role of each markers in DHA-PIP efficacy in Cambodia (N = 725)

K13 WT PIP WT (n=268)

K13 WT PIP MUT (n=14)

K13 MUT PIP WT (n=208)

K13 MUT PIP MUT (n=235)

Witkowski et al., Lancet Inf. Disease 2016



Clinical outcome after ACT treatment according to 
sensitivity pattern of each component

Artemisinin* Partner drug Treatment outcome

Sensitive Sensitive Treatment success (ACPR)

Resistance (partial -
delayed clearance)

Sensitive Treatment success (ACPR)

Sensitive
Sensitive

Resistance (low grade)**
Resistance (high grade)

Treatment success (ACPR)
Treatment failure *

Resistance (partial -
delayed clearance)

Resistance Treatment failure (high 
rate)

* A 3-day treatment  with artesunate used as monotherapy may cure up to 50% of patients;

** For amodiaquine and SP, treatment response was still adequate despite 20-30% of AQ or SP 
resistance in absence of artemisinin resistance



Number of ACTs failing in the Greater Mekong Subregion



Changes in Cambodia national malaria treatment policies



Spread of DHA-piperaquine in GMS
Spread of a single multidrug resistant malaria parasite lineage to Viet Nam

• The spread of resistant 
parasites across the 
region linked to massive 
drug pressure including 
through MDAs.

Adapted based on Imwong et al. 2017 Lancet Inf Dis.



Eliminating malaria in the GMS

Parasite incidence Jan-Jun 2018
(per 1000 population) 



ACT treatment failure rates in the WHO African Region 
(2010-2016)

* Includes: Angola, Burkina Faso, Benin, Cameroon, CAR, Chad, Comoros, Congo, Côte d'Ivoire, DRC, Equatorial Guinea, Eritrea, Ethiopia, 
Gabon, Gambia, Ghana, Guinea-Bissau, Kenya, Liberia, Madagascar, Malawi, Mali, Mauritania, Mozambique, Niger, Nigeria, Senegal, 
Sierra Leone, Somalia, Sudan, Togo, Zambia and Zimbabwe



Update on antimalarial drug efficacy and drug 
resistance

Year Countries Prevalence Study
2013 Comoros 3/46 (6.5%) TES
2015 Mozambique 0/87 (0%) TES
2015 Mozambique 1/88 (1.1%) TES
2015 Mozambique 1/89 (1.1%) TES
2015 Mozambique 2/87 (2.3%) TES
2015 Mozambique 3/61 (4.9%) Pre-MDA
2016 Mozambique 1/19 (5.3%) Post-MDA

Prevalence of Pfplasmepsin2-3 increased copy number

Recommendations of the TEG
• presence of multicopy Pfplasmepsin 2-3 in Africa is a potential concern in terms of the 

use of DHA-PIP;

• additional information is required regarding the in vivo and ex vivo piperaquine-
resistant phenotype in African parasites;

• additional African data are needed to assess the relationship between DHA-PIP 
treatment failures and molecular markers (Pfkelch13, Pfplasmepsin 2-3, and Pfcrt).



• Surveillance for artemisinin and partner drug 
resistance needs to be continued and strengthened in 
the GMS;

• There is a critical need for surveillance outside the 
GMS to detect potential de novo resistance or the 
potential introduction of resistant parasites;

• Where surveillance signals a potential threat to 
nationally recommended ACTs, effective alternative 
ACTs should be identified and implemented before 
resistance reaches critical levels.

Conclusions



Malaria threats maps
http://apps.who.int/malaria/maps/threats/

Antimalarial drug efficacy and drug resistance WHO website

Update on drug resistance
http://www.who.int/malaria/publications/atoz/artemisinin-
resistance-august2018/en/

WHO website
http://www.who.int/malaria/areas/drug_resistance/en/

http://apps.who.int/malaria/maps/threats/
http://www.who.int/malaria/publications/atoz/artemisinin-resistance-august2018/en/
http://www.who.int/malaria/areas/drug_resistance/en/


Thank you for your attention



BACK-UP SLIDES



Percentage F446I and C580Y 

Source: WHO database. Includes all studies with n>14 and a study start-year between 2010 and 2018
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• During the World Health 
Assembly in May 2018, 
Health Ministers and 
Senior representatives 
from GMS countries 
signed the Call for Action 
to Eliminate Malaria 

• Reconfirmed the 
commitment to malaria 
elimination by 2030 in 
the GMS



Validated
Candidates/
associated

F446I
N458Y
M476I
Y493H
R539T
I543T
P553L
R561H
C580Y

P441L
G449A
C469F
A481V
P527H
N537I
G538V
V568G
P574L
F673I
A675V



Relation between partner drug efficacy and K13 
mutations

Year Site ACT N Efficacy 28/42 
days (%)

K13 mutant (%)

2016 Kampong Speu, 
Kratie

Artesunate-
mefloquine

69 100 95.6%
(C580Y)

2017 Kampong Speu, 
Pursat, 

Stungtreng

Artesunate-
mefloquine

170 99.5 78.2%
(C580Y, R539T, 

Y493H)

2017 Ratanakiri, 
Mondulkiri

Artesunate-
pyronaridine

123 97.6 72.4
(C580Y)

2017 Kachin, N. Shan Artemether-
lumefantrine

71 97.2 43.7
(F446I, R561H)



Distribution of C580Y mutations worldwide

C580Y reported

Possible “permissive” or 
compensatory background 
mutations

Miotto et al., Nature Genetics 2015



• In India, Somalia and Sudan, treatment failure failures are associated with 
Pfdhfr and Pfdhps quadruple and quintuple mutants;

• These mutations are still rare in Afghanistan, IR Iran and Pakistan.

Treatment failure rates with AS+SP (2005-2015)



●Artemisinin resistance affects only ring stages of P. 
falciparum (no worsening seen over 15 years); 

● Implication for the treatment of severe malaria (so 
far not increased mortality reported);

●7-day artesunate > 90% efficacy; 
●All 6 partner drugs are highly efficacious as 

monotherapy in absence of resistance;
● Increases the risk of de novo resistance to the 

partner drug and/or facilitate the selection of 
partner drug resistance: new evidence in GMS 
shows that artemisinin did not facilitate emergence 
of mefloquine or piperaquine resistance.

Consequences of artemisinin partial resistance



Recommended first-line treatment for falciparum
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