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In the wealthier parts of the
world, the death of a child from
an infectious disease is a rare
tragedy. In poor countries, it is
commonplace. In rural sub-Saha-
ran Africa, the majority of fami-
lies have lost at least one child
to a treatable infectious disease.
Fortunately, with improvements
in immunization coverage and
public health in recent years, the
death toll from killers such as
pneumonia, diarrheal disease,
measles, and tetanus has fallen.
But deaths from AIDS and ma-
laria have increased. It is estimat-
ed that 1 million children die each
year from falciparum malaria,
yet malaria is both preventable
and treatable. The main reason
why malaria-related mortality has
increased while mortality asso-
ciated with most other treatable
and preventable infections has de-
creased is the continued deploy-
ment of ineffective antimalarial
drugs in the face of increasing
resistance.

Chloroquine has been our most
important antimalarial drug for
the past half-century. At the out-
set, it was simple to administer,
was highly effective when given
in a few doses, had few side ef-
fects, and was inexpensive (cost-
ing approximately 10 cents per
treatment). Widespread deploy-
ment of both chloroquine and
the insecticide dichlorodiphenyl-
trichloroethane (DDT) was re-
markably effective in controlling
and, in some places, eradicating
malaria early in the global ma-
laria eradication campaign of the
1950s. Chloroquine was widely
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available in both public and pri-
vate sectors, and it was used in
industrial quantities; hundreds
of metric tons were consumed
each year.

But because chloroquine binds
extensively to tissues and is very
slowly eliminated (with a termi-
nal elimination half-life of more
than 1 month), a large proportion
of the population in areas where
malaria was endemic had detect-
able chloroquine concentrations
in their blood at any given time.
The selection pressure on ma-
laria parasites was enormous, and
resistance duly emerged in Plas-
modium falciparum by the end of
the 1950s. It arose almost simul-
taneously in low-transmission
areas of South America and South-
east Asia and then spread relent-
lessly, arriving at the eastern sea-
board of Africa in the late 1970s
and marching steadily across the
continent over the next decade.

Chloroquine gave us 30 to 40
years of benefit. Unfortunately,
its successor, sulfadoxine-pyri-
methamine, often fell to resis-
tance within 5 years of extensive
use. But affected countries were
reluctant to change their malaria-
treatment policies, so as the rates
of resistance increased, mortality
also rose.

Artemisinin-based combination
treatments are now considered
the best therapy for falciparum
malaria. Such treatments are ef-
fective, work rapidly, and have very
few adverse effects; they combine
unrelated compounds with differ-
ent molecular targets (and thus
different potential mechanisms of
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resistance), thereby delaying the
emergence of resistance. But they
are more expensive than single-
agent treatments. A cost per treat-
ment of 50 cents to $2.50 (some-
times more in the private sector)
may not sound like a lot to pay
for saving the life of a child, but
it is often unaffordable to the
rural poor, who are the most af-
fected by malaria. Since 2005,
most countries where malaria is
endemic have adopted treatment
policies based on these combi-
nation therapies, but only a
small fraction of the population
that needs these drugs actually
receives them.

In 1993, Malawi became the
first country in Africa to change
its national policy on malaria
treatment, shifting away from
chloroquine therapy. In the sub-
sequent years, while the selec-
tion pressure exerted on malaria
parasites by chloroquine was
lifted in Malawi, the molecular
basis of chloroquine resistance
was being elucidated. Mutations
in PfCRT, a gene in the parasite
that encodes a putative trans-
porter, were shown to play a
central role in chloroquine resis-
tance. Early studies had suggest-
ed that chloroquine-resistant ma-
laria parasites were actually more
fit than their chloroquine-sensi-
tive counterparts, even in the ab-
sence of selective pressure. Few,
therefore, anticipated that chlo-
roquine susceptibility would re-
turn if the drug was withdrawn.

But that is exactly what has
happened in Malawi. Molecular
epidemiologic studies from Ma-
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