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‘‘When you cannot measure it, when you cannot express
it in numbers, you have scarcely . . . advanced to the
stage of Science, whatever the matter may be.’’
William Thomson, Lord Kelvin, 1824–1907
For more than 50 years the mantra of ‘‘one million deaths
due to malaria’’ has been uttered annually by lay and scientific writers alike. This figure, until recently, had generally
gone unexamined in regard to its overall accuracy, clinical
components, and most importantly, economic implications.
The most troubling aspect of the unexamined burden of malaria during the Twentieth Century was the frequent exclusion of Africa from any calculations because of incomplete
case detection and diagnosis in that continent. Apart from a
few urban centers, no country in Africa was included in the
WHO-sponsored Malaria Eradication Program, which began
in the 1950s and ended unsuccessfully in the early 1970s.
As late as the 1980s, only 3–10 million cases were reported
annually by countries in the WHO Africa region, a small
fraction of the total.1 Outside of Africa, blood smear differentiation of Plasmodium vivax from Plasmodium falciparum
was occurring, but the burden of malaria due to P. vivax was
not always quantified precisely, even during the eradication
program.
There have been several attempts to quantify malaria’s
importance epidemiologically during the last decade, with
increasing interest in controlling malaria through strengthened national and local health care systems. Estimates have
remained, for the most part, close to the original figure of
one million deaths—and the number of ‘‘cases’’ and ‘‘infections’’ has varied from 90 to 500 million respectively.2,3
Most importantly, there has been a general consensus that
about 90 percent of all cases occur in Africa, although the
basis for this assumption has not been clear. Relatively few
reports of the economic toll due to malaria have been published.
This supplement aims to describe what is known about
the burden of malaria by considering the major manifestations, determinants, and consequences of the disease. The
goals are also to promote more research on malaria’s toll
and to develop improved interventions to decrease these effects. The supplement is derived from a symposium, ‘‘The
Intolerable Burden of Malaria: A New Look at the Numbers,’’ held in December 1999 during the 48th Annual Meeting of the American Society of Tropical Medicine and Hygiene. Data were presented at the meeting indicating that
malaria’s endemicity and burden in Africa could be defined
and monitored more precisely by looking at parasitologic,
clinical, epidemiologic, and entomologic indices. The meeting highlighted the concern that the effects of malaria on
anemia, pregnancy, and neurological sequelae were not welldefined and were grossly underestimated. The economic burden of malaria was shown to be a major deterrent to eco-

nomic development, with the clear implication that investments in effective malaria control would result in substantial
economic gains. Indeed, malaria is a cause of poverty, not
the reverse. With the widespread and growing interest in the
burden of malaria-related research and accelerated control,
several papers, in addition to those presented at the symposium, were solicited for this supplement.
The emergence of Plasmodium falciparum resistance to
drugs, first documented in the 1950s–1960s in Asia and the
Americas and in the 1970s in Africa, is considered one of
the major impediments to successful control.4 Despite the
spread and increasing intensity of drug resistance and the
progressive change of first-line drugs from chloroquine to
pyrimethamine-sulfadoxine in many areas of the world, there
are scant data showing that morbidity and mortality have
increased during this time or that they are due to increasing
parasite resistance to drugs. Trape demonstrates a two- to
three-fold increase in hospital admissions and deaths, and a
six-fold increase in pediatric malaria mortality from data collected prospectively when chloroquine resistance emerged in
Senegal in the late 1980s and early 1990s.5 Similar phenomena had been reported earlier from Malawi and the Democratic Republic of the Congo (formerly Zaire) by retrospective analysis of hospital-based data.6,7 Western Africa, including Senegal, has had relatively low-level resistance compared to elsewhere in Africa, so questions remain as to the
percent of the increasing morbidity and mortality actually
due to malaria. The HIV/AIDS epidemic began to spread at
about the same time as chloroquine resistance. Yet, the major
segment of the mortality due to malaria observed in Senegal,
as elsewhere, has been in pediatric populations, although
young children are not the major group afflicted by HIV/
AIDS in Africa.
McElroy and colleagues show that, in the 1990s, 26 percent of the more than 1,500 children born in rural western
Kenya died over a four-year period.8 Neonatal and infant
mortality were 32 per 1,000 and 176 per 1,000 live births,
respectively. In Africa, malaria-attributable death rates have
been reported as high as 25–30 percent for children under
the age of five years.2,3,9,10 These rates, based often on the
change in mortality following intervention projects, drop below five percent in children over five years age in areas of
stable endemicity. If these figures can be generalized, up to
five percent or more of all African children borne in malarious areas will die from malaria. True, malaria’s burden reflects the variability in the microepidemiology of the disease
and the availability and effectiveness of control measures
throughout the continent. Even so, the number of malariaassociated deaths in children under the age of one alone
computed using McElroy’s data may be one to two million
per birth cohort, a figure exceeding that reported by others.2
Steketee and others and Murphy and Breman show that the
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malaria-related effects on pregnant women, their fetuses, and
newborns comprise an extremely large and often hidden burden.11,12 The manifestations of these effects are maternal anemia, low birth weight, and consequent infant mortality. Understanding each manifestation is important because these
conditions are preventable. The authors posit that between
75,000 and 400,000 infant deaths per year are associated
with malaria infections during pregnancy.
In their review of studies from throughout Africa, Guyatt
and Snow report severe anemia (hemoglobin ⬍ 8 gm percent; packed cell volume ⬍ 25 percent) in more than eight
percent of pregnant women studied; 11 percent of primigravidae were anemic.13 Using attributable fraction analysis,
the authors conclude that more than seven percent of the
severe anemia in pregnant women is due to malaria—hence
in sub-Saharan Africa, over 400,000 women annually may
develop severe anemia as a result of malaria. Goodman and
others show that, for primigravidae, the pyrimethamine-sulfadoxine (SP) regimen is found to be more cost-effective
than the chloroquine regimen due to lower costs and higher
compliance.14 Both intermittent (once monthly) SP therapy
and chloroquine given weekly appear to be ‘‘good value for
money in comparison with other methods of malaria control.’’ 14 Extending the preventive regimens to all gravidae,
and increasing the number of doses per pregnant woman,
would make the interventions slightly less cost-effective. A
major caution is that the increasing chloroquine resistance
will soon render this drug ineffective.15
Of all the manifestations of malaria, those affecting general cognition and behavior may be the most subtle and illdefined, and have the most profound implications. Holding
and Snow state that 5–20 percent of survivors of cerebral
malaria may have gross neurologic sequelae.16 Cerebral malaria, frequently associated with major metabolic and physiologic changes, particularly hypoglycemia, decreased cerebral perfusion/hypoxia, and cytokine induction, results in tissue damage, generalized seizures, paralysis, speech and behavior disorders, hearing impairment, blindness, epilepsy
and cerebral palsy—syndromes that in Africa are poorly defined clinically, epidemiologically, and economically. While
few studies have looked at long-term cognitive impairment
due to malaria or any other infectious disease in Africa, tests
developed in western countries showed that 14 percent of
Kenyan children were impaired after more than three years,
compared to five percent of controls; for those having severe
malaria, the odds ratio association with cognitive impairment
was 4.5. Decreased ‘‘executive functions,’’ (i.e., the ability
to initiate, plan, and carry out tasks) were some of the other
deficits found. The authors state that ‘‘impairment of these
higher order functions is likely to be reflected in an increase
in the difference between affected and unaffected children
over time.’’ Up to 85 percent of cerebral malaria patients
have status epilepticus and up to 22 percent of cases result
in temporal lobe epilepsy. Status epilepticus is associated
with diminished cognitive function in about 30 percent of
cases; temporal lobe epilepsy results in language and memory deficits.
Retardation of cerebral development may result from low
birth weight. Sub-optimal development of the brain during
early maturation may result in specific impairments in high
order functioning (planning, decision making, self awareness
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and social sensitivity), rather than direct damage from parasites per se.17 Low birth weight is a risk factor for poor
neurosensory, cognitive, and behavioral development, for
impaired immunologic maturation, and for limitations in
school performance. According to Taylor, between two and
four times more children born prematurely ‘‘will experience
failure in school compared to normal birthweight children
and will need specialist or educational services.’’ 17 Among
school-aged children, up to half of all absences were due to
medical reasons and up to eight percent were due directly
to malaria.16
The various ‘‘syndromes’’ due to malaria are varied, complex, and frequently overlap.18 Murphy and Breman quantify
the major clinical manifestations of malaria by reviewing
past studies, and applying estimates of disease rates to current demographic profiles of malarious African populations,
focusing on children under five years of age.12 They conclude that close to 600,000 persons contract cerebral malaria
yearly, with a case fatality rate of about 20 percent. Neurologic complications lasting longer than six months may
occur in up to 19,000 of these patients. Severe anemia due
to malaria occurs in between 1.5–6.0 million African children; with a case fatality rate of nearly 15 percent, up to one
million children may die every year from malaria-induced
anemia. Respiratory distress, hypoglycemia, and overlapping
conditions contribute another one to two million cases and,
with a mortality nearing 20 percent, well over 200,000
deaths. In Africa, there may be up to one million malariaassociated low birth weight babies born each year and approximately 400,000 of these children will die. All of these
‘‘gaps’’ in the burden contribute up to 1.7 million deaths in
African children yearly, with more than 50 percent due to
anemia. The exact cause of death is unknown in reports of
malaria deaths from countries and international agencies;
hence, it is likely that deaths ascribed to acute febrile illness
due to malaria may be grossly underestimated, particularly
when malaria-induced anemia, low birth weight babies, hypoglycemia, and other adverse events may not be included
in their calculations, because of an inability to diagnose
these conditions in most of Africa.
The major reason for defining the burden of malaria is to
take action to decrease its impact. One of the biggest challenges is to develop standardized case definitions and generally accepted measures of progress as interventions against
malaria proceed.19 Implementation of malaria control interventions has been accelerating slowly over the past two decades and is now expected to increase briskly with the recent
initiation of the Roll Back Malaria Project (RBM). This
laudable WHO-inspired and -coordinated program aims to
halve the burden of malaria over a period of ten years via
interventions adapted to local needs and the strengthening
of the health sector. This will be achieved by applying currently efficacious technologies in malarious countries, mainly in Africa, and by ‘‘channel(ing) funds and supplies efficiently to local communities.’’ 20,21 Remme and others define
the critical areas for monitoring RBM process (activity) indicators and, most importantly, the outcome indicators, morbidity and mortality. To address 1) impact, 2) prevention and
treatment, 3) health sector development and 4) program support, a core group of four indicators is recommended.22 One
concern with the Roll Back Malaria monitoring scheme is
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that each country is free to select its own indicators, making
comparison difficult. It is important that programs have a
common set of indicators so that comparisons can be made
promptly and donors (including national and international
partners) will have access to frequent updates of the progress
being made as a result of their investments.
While humanitarian and medical reasons for investing in
disease control efforts are justified, the arguments that garner
the most resources for control and eradication programs are
economic. Gallup and Sachs show that where malaria has
been eliminated economic growth has increased substantially
over the following five years, compared to growth in neighboring countries.23 Countries with intensive malaria lagged
in growth by 1.3 percent per person per year compared to
neighboring countries; a ten percent decrease in malaria incidence was associated with a 0.3 percent increase in annual
economic growth. It is incontestable that the control of malaria in Africa and elsewhere will increase economic indices,
encourage international investment and foreign trade, and
result in improved social and political stability.
Plasmodium falciparum causes the greatest toll from malaria, but P. vivax is more pervasive and treacherous than is
generally believed. Mendis and others posit that, of the 80
million cases of P. vivax malaria that occur annually, up to
20 percent occur in sub-Saharan Africa, mainly in the east
and south where genetically receptive populations reside.24
The remainder of P. vivax occurs in the Middle East, Asia,
and the Western Pacific, and to a lesser extent in Central and
South America. Many of these areas have low transmission
and little acquired immunity; therefore, all age groups are
vulnerable to periodic epidemics. This parasite is thought to
cause little mortality, but repeat infections can have major
deleterious effects on growth and development, well-being,
and economic prosperity.
The papers in this supplement, while illuminating, make
it clear that much more precision is needed before a full
understanding of malaria’s burden will be available. The interface between parasite biology and immunology, the pathogenesis of infection, the clinical manifestations, the epidemiologic features, the impact of interventions, the economic
consequences, and the relationship of malaria with other
health problems—particularly HIV/AIDS, other febrile illnesses, and malnutrition—require more intense investigation
by southern and northern scientists and public health workers. The Multilateral Initiative on Malaria (MIM) is a coalition of African malariologists and scientific, public health,
and development institutions throughout Africa and of international non-African malariologists and research and
funding agencies.25,26 The MIM is dedicated to realizing the
principle that progress to control malaria depends on the
presence of a first-rate malaria research program run by African scientists working in Africa. The ongoing battle against
malaria requires an intensified research program to improve
current tools and develop new ones for malaria control and
facilitate the more effective use of currently available strategies.
Thus, the MIM Secretariat (currently at the Fogarty International Center, National Institutes of Health), the TDR at
the World Health Organization, and MIM partners support
research by African scientists and training to strengthen African research capacity to improve malaria control. The pro-

gram is multi-faceted, focusing on vector biology, anti-malarial drugs, the clinical immunology and pathophysiology
of malaria to develop vaccines and other interventions, and
improvement in patient management and prevention tools.
An important part of this process has been investing in the
capacity of African malaria research centers and researchers
to have reliable Internet communication among themselves
and their international collaborators, and to be able to access
information via the Internet. The 1999 symposium and this
publication and its dissemination are another important
MIM-supported effort to improve scientific communication
in the field.
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