
PERSPECTIVE

n engl j med 355;19 www.nejm.org november 9, 20061956

Malaria — Time to Act

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 

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 

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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lawi and parts of Asia where the 
use of chloroquine had been 
largely suspended showed a de-
cline or disappearance of the K76T 
mutation in PfCRT. In this issue 
of the Journal, Laufer et al. (pages 
1959–1966), who previously con-
ducted such studies in Malawi, 
report the results of a clinical 
trial providing conclusive evidence 
that the disappearance of the 
K76T mutation has been associ-
ated with a return to chloroquine 
susceptibility.

How good is this news from 
a public health perspective? Can 
we now abandon these new, rel-
atively expensive antimalarial 
agents and return to our old and 
trusted friend chloroquine? Laufer 
and her colleagues wisely counsel 
against doing so. Malawi is sur-
rounded by a sea of chloroquine 
resistance. If chloroquine were 
reintroduced alone, resistant par-
asites would probably return rap-
idly, imported in people from 
neighboring areas. But the re-
stored susceptibility is still good 
news: chloroquine resistance pre-

sumably confers a fitness disad-
vantage, and stable compensatory 
mutations sufficient to counter 
this disadvantage apparently have 
not occurred. Thus, chloroquine 
could reenter the increasingly 
promising queue of new candi-
date antimalarial agents — but 
it needs to leave before it can 
come back.

In most of Asia, South Ameri-
ca, and the Horn of Africa, chlo-
roquine is still needed for the 
treatment of vivax malaria. This 
situation could change, since most 
malaria infections are treated 
without any particular species 
having been diagnosed, and the 
artemisinin-based combination 
treatments (with the exception 
of artesunate–sulfadoxine–pyri-
methamine) are reliably effective 
against all the malarias that af-
fect humans.

In the remainder of Africa, 
where chloroquine has become 
ineffective against P. falciparum, 
the drug should be replaced as 
soon as possible by effective 
treatments. The World Health 

Organization recommends arte-
misinin-based combination treat-
ments as first-line therapy for 
falciparum malaria in all areas 
where it is endemic.

If these new, effective drugs 
are going to have an effect on 
malaria, they must be made af-
fordable and available. To be af-
fordable, they must cost 10 cents 
or less a day in both the public 
and private sectors, as chloro-
quine does. The Institute of Med-
icine recently recommended that 
an internationally funded scheme 
be instituted to reduce the cost to 
both the public and private sec-
tors of obtaining antimalarial 
drugs whose quality is assured. 
Antimalarial drugs that are high-
ly effective, have acceptable ad-
verse-effect profiles, and are af-
fordable should win out over 
ineffective medicines and thwart 
the burgeoning market in sub-
standard and fake drugs. Richer 
countries will need to pay for this 
effort, but there are powerful hu-
manitarian and economic argu-
ments for ensuring ready access 
to effective antimalarial drugs.

With strong leadership and the 
singularity of purpose that char-
acterized the successful campaign 
to eradicate smallpox, malaria can 
be rolled back. We already have 
the necessary tools: insecticides, 
insecticide-treated bed nets, and 
good drugs. An effective and af-
fordable vaccine would be won-
derful, but we do not need to 
wait for it. It is time to turn the 
tide on malaria. We can do it now, 
and it won’t cost that much.

Dr. White is a professor in the Faculty of 
Tropical Medicine, Mahidol University, 
Bangkok, Thailand.
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Fatal Cerebral Malaria.

A thin film of blood obtained from a patient before death shows heavy parasitemia, 
with parasites mainly at mature stages (Panel A). A microscopic image of a brain 
specimen obtained from a patient after death shows capillaries and venules packed 
with erythrocytes infected with schizonts (Panel B). 

C
ou

rt
es

y 
of

 K
am

ol
ra

t 
Si

la
m

ut
. 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 29, 2009 . For personal use only. No other uses without permission. 




