
Drug resistant malaria: a risk assessment



Artemisinin 
Combination 
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First-line 
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2006



Artemisinin
Quinine

48 hours

Artemisinins

Rapid and potent action, broad stage specificity, gametocytocidal

White NJ; Science 2009



Dondorp et al. N Engl J Med 2009

Artemisinin resistance – slow parasite clearance

First recognised in Western Cambodia



Artemisinin resistance is mainly in the early ring stage

Witkowski et al. 
Lancet Infect Dis 2013

Artemisinin resistant
Artemisinin sensitive

RSA test

TMI test

Chotivanich et al. 
AAC 2014



≥ 75 mutations in the propeller region of PfKelch 13

Ashley et al. 
N Engl J Med 2014

Association with slow clearance not uniform. 
Some mutations neutral



Menard et al. N Engl J Med 2016

PfKelch13 mutations: geographic distribution

Tun et al. Lancet Infect Dis 2016



PfKelch13 in Africa: no evidence (yet)  for selection

Miotto et al. Nat Gen 2015 Ouattara et al. 
Am J Trop Med Hyg 2015

Bougoula-Hameau and Bandiagara

Kelch 13 
Asia

Kelch 13 
Africa



Worrying report



Jumping or popping?



Miotto et al. Nature Gen 2015 

Median Joining Haplotype Network 
of K13 Mutations and SNPs 
within Linkage Disequilibrium 
of the K13 Propeller Protein

C580Y mutant found in Myanmar did not spread from Cambodia  
-it arose independently in Myanmar

Multiple independent emergences of PfKelch mutations

Neighbour –joining tree 
of samples carrying K13 SNPs

Shannon Takala-Harrison et al 
J Infect Dis 2014



• First Pfkelch mutations in 2003
• 90% by 2014 
• >75 mutations seen SE Asia

•C580Y had taken over 
(but was later eliminated by 
the Malaria Elimination Task 
Force)

E252Q predominates C580Y takes over…

C580Y “takes over” on the Thailand-Myanmar border

Cerqueira et al 
Genome Biol 2017

E252Q: 
intermediate 
phenotype 
(t1/2 5 hrs)



C580Y also “takes over” in Cambodia….
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Imwong et al; Lancet Infect Dis 2017
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ACT PK-PD in artemisinin resistance



Source CNM Cambodia/ WHO
Map by Richard Maude

Amaratunga et al. Lancet Infect Dis 2016

Artemisinin resistance: a prelude to ACT failure

Cambodia



Witkowski Lancet Infect Dis 2016

Artemisinin resistance and ACT treatment failure

Pharmacokinetics

PQP

MQ

Cambodia



Artemisinin and mefloquine resistance and ACT failure

Aung Pyae Phyo et al. 
Clin Infect Dis 2016

SMRU
Thai-Myanmar border

Thailand-Myanmar border



PfKelch C580Y takes over….. and spreads 

-50 to +31.5kb

Imwong et al; Lancet Infect Dis 2017a

(picking up plasmepsin2/3 amplification)

A single lineage



PfKelch C580Y takes over….. and spreads all across the GMS 

A single multi-drug resistance lineage has now spread across four countries

-50 to +31.5kb

Imwong et al; Lancet Infect Dis 2017b



Lancet ID December 2017

The “triple” mutant



Increased gametocyte carriage

Recrudescent infections

Delayed response

Resistance

Increased transmission

Larger reservoir

More clinical cases

More drug used

Mefloquine : x4.0
SP : x4.1
Chloroquine : x2.9 – x12

Price et al. 1996; 
Bousema et al 2003 

ACT failure   transmission of drug resistance 

Drakely et al. 2004; 
Barnes & White 2005



Very close to India

November 2017: Now undoubtedly in NE India



The Black Death



S. Typhi H58



Cholera



NDM1-beta lactamase



Wooton et al, Nature 2002

Chloroquine resistance



Spread of resistance: chloroquine and pyrimethamine

Dondorp et al 
Nat Rev Microbiol. 2010

Roper et al 
Science 2004





Radical measures are needed





WHO seizes the initiative…………..



Accelerating towards elimination



Artemisinin tolerance rather than resistance as it affects only ring stages. 

Partner drugs resistance is similarly or even more an important threat than artemisinin 
tolerance alone: 

Artemisinin tolerance has not lead to ACT treatment failure (except in Mae Sot) 

No increase of morbidity or mortality in the GMS
(Overall reduction over the last 10 years is around 50%)

Artemisinin resistance has not driven emergence of piperaquine resistance in Cambodia. 

Protect the partner drug in particular in Africa. Resistance can be delayed (in contrast to 
artemisinin tolerance which will emerge whatever we do, due to ACT drug pressure).



Drug development pipeline

All artemisinin 
based

New compounds 
(no artemisinins)

Source: MMV website



New antimalarial drugs: ≥ 5 years away from registration



1st. Triple therapies (TACT): DHA-PQP-MQ; AM-LUM-AQ: TRAC II

2nd. 5-day regimen of DHA-PQP or AM-LUM
Needs trialing & reassurance of safety concerns (QTc-prolongation); new problem: PQP resistance.

3rd. Drug rotation of DHA-PQP and MAS3,
guided by prevalence of PfMDR1 copy-number 

4th. Sequential use of two different ACTs (e.g. DHA-PQP and MAS3)

5th. Artesunate-pyronaridine efficacy<90%; cross resistance with PQP??

6th. Arterolane-piperaquine

Options with failing ACTs using existing drugs


