
Reply to Meshnick and Hastings
et al

TO THE EDITOR—We thank Professor
Meshnick [1] and Dr Hastings and col-
leagues [2] for their interest in our publi-
cation [3]. Professor Meshnick believes
that attempts to contain artemisinin re-
sistance are futile because “all genetic ev-
idence currently suggests that the K13
mutations pop up multiple times, inde-
pendently, in different locations and are
not spread spatially.” However, a very
limited number of K13 alleles conferring
artemisinin combination therapy (ACT)
resistance are now replacing the throng
of K13 alleles that appeared initially [4].
A more familiar pattern is emerging in
which very few lineages of presumably
fitter resistant parasites are increasing
rapidly in frequency, causing rising rates
of treatment failure and reinforcing the
urgent need for an effective emergency
containment response. The threat of
spread from Asia to Africa should not
be ignored: dhfr alleles resistant to pyri-
methamine “popped up” several times
in both Africa and Southeast Asia, but
the highly resistant alleles that now pre-
dominate in Africa originated from
Southeast Asia. Professor Meshnick says
that “What the malaria control commu-
nity needs is a ‘whack-a-mole’ approach,
utilizing robust surveillance and targeted
responses.” According to Wikipedia, the
term “whack-a-mole” is used colloquially
to denote a repetitious and futile task
(https://en.wikipedia.org/wiki/Whac-
A-Mole). We are concerned that this does
indeed describe current containment ap-
proaches, which clearly have not worked.
We believe that a balanced strategy in-
volving containment and elimination in
Southeast Asia combined with increased

vigilance in Africa are required to manage
resistance effectively.

Dr Hastings and colleagues draw atten-
tion to their modeling exercises, which
claim to show that parasite clearance
rates are insensitive and nonspecific mea-
sures of resistance. They questioned
whether plans to contain artemisinin re-
sistance should have been based on mea-
sures of parasite clearance viz “The use of
infected red blood cell clearance rates as
measures of drug effectiveness is particu-
larly worrying” [5]. They also challenge
the evidence that slow parasite clearance
is heritable despite strong evidence from
the largest and most detailed studies of
parasite clearance and parasite genetics
ever conducted that it is [6], and despite
clear demonstration that a major gene
(K13) underlies this trait [7–9]. We did
not “point the journal readership to this
work” [5] because we think the key bio-
logical assumptions they make on the
mechanisms of parasite clearance are
flawed (eg, note that most of the parasite
clearance following artemisinin treat-
ment in nonimmune populations is
through pitting and not infected red cell
clearance [10]), and we disagree with the
conclusions of these 2 modeling papers
for which there is no clinical evidence.
Our study adds to mounting evidence
that artemisinin resistance precedes part-
ner drug resistance, and is therefore a
harbinger of treatment failure—and that
slow parasite clearance is the key clinical
phenotype. On the question of dosage,
many have pointed to the relatively low
doses of artemether and dihydroartemi-
sinin in current ACTs, but the dose of
artesunate recommended and used in
ACTs has always been 4 mg/kg. Al-
though 2 mg/kg appeared to give maxi-
mum parasite clearance rates in a small
pharmacodynamic study [11], the dose
of artesunate we recommended and
used initially in ACTs was 4 mg/kg pre-
cisely because of interindividual variabil-
ity in pharmacodynamic responses [12].
On the other hand, despite disagreeing
with most of their conclusions, we do
strongly agree with Hastings et al that an
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informed, evidence-based debate is re-
quired to ensure that the threat of artemi-
sinin resistance is properly addressed.
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