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The epidemiology of clinical malaria among African children
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There is a resurgence of interest in the clinical epidemiology of malaria among Afri-
can children. This renewed interest follows fifty years of failure to eradicate infection in
Africa and redirected efforts toward disease control and prevention. We have a poor
understanding of the mechanisms by which clinical immunity is acquired; however,
several recent studies have provided new insights into how fast clinical protection is
acquired under the varied transmission intensities common to Africa. What is clear is
that the frequency with which individuals encounter infection from birth will determine
the speed with which they become clinically immune and the patterns of severe pathol-
ogy they are likely to experience. There remains doubt and concerns over the long-term
consequences of reducing natural parasite exposure in several areas of Africa. New field
studies are urgently required to tackle these issues so that control may be guided by an
improved understanding of malaria as a disease that can lead to death.

Introduction

Recent debate over the long-term health con-
sequences of interventions which aim to reduce
Plasmodium falciparum exposure among
endemic populations in Africa has received con-
siderable attention in the scientific and the popu-
lar press. This reflects both the public-health sig-
nificance of the proposed effects and the
realization that the scientific community has yet
to adequately define the relationship between par-
asite exposure and disease outcomes. Over the
last ten years there has been a renaissance in the
study of malaria as a disease that can lead to
death. Previously our epidemiological under-
standing of malaria was dominated by studies of

host and vector parasite infection. These studies
continued despite the general acceptance that
eradication had failed in Africa and that the new
goals focused on “disease control”.

Evidence of changing risks of clinical malaria
and malaria-specific mortality with increasing
intensity of parasite exposure

Sub-Saharan Africa is able to support a wide
range of malaria vector ecologies which result in
a diverse pattern of basic reproduction rates of
infection. Furthermore, it has been observed that
parasite prevalence curves among populations
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exposed to different intensities of transmission
will be similar in shape but shifted to the left or
the right at higher or lower transmission pres-
sures, respectively [1]. Under stable conditions
of P. falciparum transmission, immunity to the
fatal consequences of infection develops rapidly
compared with an individual’s ability to control
infection per se. Until recently there were few
empirical observations of the patterns of clinical
disease under different intensities of parasite
exposure from birth. Defining the immunological
components of clinical protection has proved dif-
ficult [2]. Most immunological markers exam-
ined under field conditions have shown no or
weak associations with clinical protection [3].
An alternate, but non-specific, approach toward
an epidemiological understanding of immunity is
the direct observation of changing disease risk
by age.

An attempt to examine the relationship
between the risks of childhood malaria mortality
and increasing transmission intensity was under-
taken through the abstraction of all the available
published and unpublished literature from com-
munity-based studies of disease-specific mortal-
ity conducted in Africa [4]. These studies were

then related to estimates of annual sporozoite
inoculation rates derived from entomological
studies conducted within the same locality
(fig. 1). Despite the intense controversy subse-
quent to the publication of these data [5-8] their
principal purpose was to (1) highlight the paucity
and inadequacy of existing data on such an
important relation in malaria epidemiology; (2)
indicate that mortality probably rises sharply
under low rates of parasite transmission, after
which it may form a plateau, rise or decline under
increasing transmission intensity; and (3) empha-
size the significance of this relationship to
attempt to define appropriate control strategies
for Africa.

Several authors have chosen to examine this
relationship using more sensitive markers of dis-
ease outcome. At one end of the disease contin-
uum, a study of parasite densities among children
living in a high-transmission area of Kenya
showed that increased frequency of exposure to
infected mosquitoes was related to an increasing
risk of high parasite densities, although the
authors were unable to distinguish whether this
simply reflected increasing risks of superinfec-
tion [9]. Trape and Rogier [10] studied the life-
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Fig. 1. Possible relationships between malaria-specific mortality among children under five years
and the entomological inoculation rate (derived from studies in Africa) [4].

ITBN = insecticide-treated bed nets.

p.a. = per annum.
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time frequency of mild malaria morbidity (fever
associated with a qualifying parasite density)
among two populations in Senegal exposed to
markedly different annual sporozoite inoculation
rates. Their study suggested that individuals liv-
ing under different transmission settings experi-
ence similar rates of lifetime morbidity risk
despite different patterns of age-specific risk. The
protective mechanisms which operate to limit the
risks of mild, transitory illness may be different
from those which limit the risks of a fatal out-
come given the differences in age patterns
between severe and mild disease under similar
transmission systems [11]. Two studies have
assessed the entomological inoculation rate in
relation to the incidence of severe disease within
defined communities [12, 13]. Despite several
limitations, neither of these studies demonstrated
a linear rise in disease risk with increasing inten-
sity of sporozoite inoculation.

In a similar approach to that taken in Senegal
for mild disease, we selected two populations in
East Africa to examine the risks of severe mor-
bidity [14]. At Kilifi, on the Kenyan coast, the
annual entomological inoculation rate is approxi-
mately 10 infectious bites per person, whereas at
Ifakara, Tanzania entomological inoculation rates
are 30 times higher. In this study the annual risk
of admission to hospital with a primary diagnosis
of malaria was similar between the two childhood
communities (0-4 years) surrounding their
respective district hospitals (46 per 1,000 children
per annum (p.a.) in Kilifi compared with 51 per
1,000 children p.a. at Ifakara). Similarities per-
sisted when the risks of admission among older
children were included (26 per 1,000 children
aged 0-9 years p.a. at Kilifi versus 27 per 1,000
children aged 0-9 years p.a. at Ifakara). However,
the overall risks of malaria admission, particu-
larly those due to severe anaemia, were consider-
ably higher among infants living in the high-
transmission setting compared with their
counterparts living under low-to-moderate-trans-
mission conditions. Conversely, cerebral malaria
was much rarer under conditions of high trans-
mission.

The studies described above suffer from a
series of problems. First, studies of disease and

infection risk within a single contiguous geo-
graphical area are unable to control for host
mobility between exposure settings [9, 12, 13].
Furthermore, the wide areas selected for the pas-
sive case surveillance of severe disease at Ifakara
[14] were not representative of estimates of infec-
tion risk derived from one area of the drainage
population. Secondly, even within stable trans-
mission settings in Africa there exists large, inter-
annual variation in infection and disease risk, and
studies conducted over single years are unlikely
to capture these, often marked, year-to-year vari-
ations. And thirdly, defining parasite exposure
through entomological studies requires exhaus-
tive sampling over a wide geographic area for a
minimum period of one year. Such studies are
rare [4] and despite their rigor yield only an
approximation of infection risk, given the inher-
ent difficulties of effective sampling under low
transmission [15]. There also remains the tradi-
tionally observed discrepancies between esti-
mated sporozoite challenge and the emergence of
blood-stage infection [16]. These limitations were
recently addressed in a further series of ecologi-
cal comparisons of severe malaria morbidity pre-
senting to hospitals from a wide range of ende-
micities common to sub-Saharan Africa [17].

Prospective paediatric admission surveillance
was maintained over 3-5 years at hospitals in The
Gambia and Kenya situated next to five distinct
populations with markedly different intensities of
P. falciparum transmission [17]. The intensity of
transmission was estimated using parasitological
and serological markers of infection among
infants and children aged 1-9 years sampled
across the study communities. Infection risks
ranged from 0.01 to 2.1 new infections p.a. Under
the most intense levels of P. falciparum transmis-
sion (Kilifi south and Siaya, Kenya), the risks of
developing severe disease were highest during the
first two years of life, after which the risks
declined rapidly. By contrast, communities which
encountered low-to-moderate rates of P. falcipa-
rum challenge (Sukuta, The Gambia and Kilifi
north, Kenya) experienced a much more extended
period of risk in childhood, lasting from the first
year of life through to the 5% birthday. At the
lowest end of the transmission spectrum, disease
risk appeared to be spread evenly across the
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entire childhood period (Bakau, The Gambia).
The total disease risk for children below 10 years
of age is shown in figure 2. These data do not
support the notion that the higher the natural par-
asite exposure risk from birth, the higher the dis-
ease risk throughout childhood; on the contrary,
they suggest a decline in overall malaria rates in
childhood under the highest levels of P. falcipa-
rum challenge. Only at Bakau, where the highest
mean and median ages of disease presentation
and the lowest levels of P. falciparum transmis-
sion were recorded, did the risk of disease in
childhood remain low. This paradoxical decline
in disease risk under high transmission was much
more pronounced for cerebral malaria, which was
notable by its rarity under high transmission
(fig. 3) — an observation made in other studies
[14, 18].

Among the communities where haemoglobin
levels were routinely recorded on all admissions
(Kilifi north, Kilifi south and Siaya), there was
little evidence that the absolute risks of severe
malaria anaemia were higher the higher the inten-
sity of transmission. This observation contrasts
with those made between Kilifi north and Ifakara
[14] and between two communities in Malawi
[18]. Perhaps one explanation lies with the recent
detailed quantification of the role of iron defi-

Rate per 1000 children p.a.
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ciency anaemia at Ifakara, which accounts for
28 % of severe anaemia among infants [19], most
of whom will be infected with P. falciparum
because of the high prevalence of asymptomatic
infection. The net result may be that severe
“malaria” anaemia is overdiagnosed at the district
hospital. Anaemia in malaria-endemic areas is a
complex issue, and to interpret the true patterns
of severe malaria anaemia probably requires a
detailed understanding of the community-
acquired competing risks for anaemia. Whilst it is
convenient to consider severe malaria as being
either cerebral malaria or severe malaria anaemia,
it is important to recognize that there exists a
myriad of potentially fatal pathologies in falcip-
arum malaria whose end states may involve
coma, anaemia or respiratory distress, but the
pathways to these conditions are varied [20, 21] .

Several authors have argued that the patterns
of malaria morbidity shown in figures 2 and 3
could have arisen through differential use of the
clinical services [22, 23]. This was examined
through estimates of the risk of admission from
other major causes of admission (acute respira-
tory tract infections, diarrhoeal-related admis-
sions, meningitis and malnutrition), none of
which showed any evidence of differences in
cumulative risks by age between the sites. Fur-
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Fig. 2. Total rates of severe, clinical malaria among children aged 0-9 years at Bakau, The Gambia

(low transmission), Sukuta, The Gambia (low-to-moderate transmission), Kilifi north, Kenya

(low-to-moderate transmission), Kilifi south, Kenya (high transmission) and Siaya, Kenya (high
transmission) [17].
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Fig. 3. Total rates of cerebral malaria among children aged 0-9 years at Bakau, The Gambia

(Jow transmission), Sukuta, The Gambia (low-to-moderate transmission), Kilifi north, Kenya

(low-to-moderate transmission), Kilifi south, Kenya (high transmission) and Siaya, Kenya (high
transmission) [17].

thermore, community survey data on the propor-
tions of childhood deaths which occurred at home
or in hospital were similar at each study site.
Both observations are probably a direct result of
the unique selection of each community in terms
of its proximity to secondary-level clinical ser-
vices: never further than 19 km away and served
with regular local transport to and from the hospi-
tals. These data add further support for the pat-
terns of malaria admission risk being directly
attributable to differences in transmission inten-
sity. Nevertheless, these data were derived from
facility-based passive surveillance and one cannot
exclude the possibility that a very different pat-
tern for mortality may be observed in the commu-
nities served by these hospitals.

Possible biological mechanisms of changing
disease risks under different parasite exposure
intensities

Epidemiological descriptions of disease risk
provide an important framework for the under-
standing of mechanisms of protection. Similarly,
without a biological basis for these observations

the descriptions themselves lack plausibility.
Host/parasite interactions are complex in semi-
immune populations, involving genetic regulation
of disease severity, parasite polymorphisms and
nutritional and social susceptibility factors to dis-
ease progression. Against this background an
individual’s ability to acquire mechanisms that
render him or her clinically immune will depend
upon their individual lifetime experiences with
the parasite. The most plausible explanation for
the patterns of clinical malaria described above is
that a given amount of exposure is required to
develop effective functional immunity. When
infection rates are high, these experiences occur
early in life, furnishing the child with an acquired
resistance to the consequences of infection. A
range of putative immunological and physical
protective mechanisms conferring clinical protec-
tion during early infancy have been described,
including maternally derived IgG [24], foetal hae-
moglobin [25] and micronutrient deficiency [26];
however, their relative contribution remains
unclear. Nevertheless, it is striking how little epi-
demiological evidence there is on the degree and
duration of any such protection in relation to clin-
ical disease during this period of life. Further
investigations on risks of clinical disease during
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infancy among the communities described above
provide quantifiable evidence of clinical protec-
tion up to the third month of life [27]. Results
from longitudinal morbidity studies in Ghana
have demonstrated similar periods of clinical pro-
tection despite early parasitological exposure
[28]. During this period of life active immuniza-
tion occurs, reducing the size of the susceptible
cohorts during the remaining period of infancy
who continue to undergo active immunization.
Under high rates of P. falciparum challenge there
is also evidence that they already begin to dem-
onstrate clinical immunity before the first birth-
day not apparent among infant populations
exposed to low-to-moderate-intensity transmis-
sion [27].

Children exposed to very low risks of para-
site exposure probably develop very little clini-
cal immunity, but this is likely to be balanced
by the inherent low risks of infection. Conse-
quently disease risk is a direct function of para-
site exposure, and this direct relation continues
throughout life which, under stable conditions,
would never achieve a cumulative risk seen
among populations exposed to moderate or high
transmission, because the host would not live
long enough. However, under such conditions
significant changes in the interannual parasite
exposure could lead to apparent epidemics of
clinical disease among all age-groups, as dem-
onstrated in the “fringe” areas transmission in
East Africa [29].

Consequences for malaria control

There appears to be a consensus view that the
age patterns and clinical spectrum of disease are
defined by the intensity of transmission within a
given community [30]. Agreement on these
points alone allows significant progress toward
rational disease control. An understanding of the
variations in endemicity between communities
might influence the cost-effectiveness of a
variety of interventions including targeted chem-
oprophylaxis or vaccine delivery, the provision
of adequate peripheral services for the rapid
treatment of early signs of cerebral malaria or

specialist training in symptom-driven algorithms
for diagnosis.

Perhaps the most significant implications from
the observations presented above involve the
potential effects of delaying the acquisition of
clinical immunity among populations previously
exposed to high transmission and the reequilibra-
tion of disease risk among older ages. The
observed pattern of disease among high- versus
low-to-moderate-transmission intensity commu-
nities suggests that there may be a rise in disease
risk if repeated and early exposure to parasites is
reduced. Insecticide-treated bed nets (ITBN) have
been tested under a wide range of transmission
settings [31-34], and the reductions in all-cause
mortality, whilst less significant under the highest
transmission settings [32, 34], are all consistent
with a short-term gain under all transmission con-
ditions. The recent epidemiological observations
alone do not argue against implementing ITBN or
chemoprophylaxis in these communities but
argue strongly for intensive monitoring of the
long-term consequences upon cumulative disease
and risk following their introduction. Presently
there is too little data to develop a rational strat-
egy for targeted prevention of parasite exposure
in Africa. This also applies to two hypothetical
arguments proposed for the advantages asso-
ciated with reducing parasite exposure and thus
increasing the average age of first exposure: (1)
reductions in “indirect” mortality and (2) age
dependency.

Molineaux [34] argues that the reductions in
malaria parasite exposure will significantly
impact upon other competing causes of death in
childhood to provide indirect benefits not solely
attributed to malaria-specific mortality. This view
derives from the observations that (1) under erad-
ication conditions in Guyana and Sri Lanka dur-
ing the first half of this century, all-cause mortal-
ity declined in parallel with markers of malaria
morbidity; (2) studies of malaria-specific inter-
ventions have shown reductions in non-malaria
mortality, as judged by verbal autopsy; and (3)
there is an apparent disparity in mortality attrib-
uted to malaria through verbal autopsy findings,
on the one hand, and demographic estimates of
the global burden of malaria mortality recently
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calculated by Murray and Lopez [35], and the
frequency of sickle cell trait among African pop-
ulations, on the other hand.

It is to be expected that both long-term social
and economic change will impact upon malaria
and non-malaria mortality with increased knowl-
edge, availability and access to effective treat-
ment. It may be hard, therefore, to disassociate
the malaria-specific effects of a large community
intervention from the general effects. However,
any argument based on verbal autopsy assess-
ment of cause of death must be suspect because
of the demonstrated inability to differentiate
malaria from other conditions [36, 37]. Several
pieces of evidence argue against the idea that
specific antimalarial interventions lead to reduc-
tions in other causes of death. The studies cited
by Molineaux include two studies in The Gam-
bia which demonstrated a 24 % [38] and 34 %
[31] reduction in non-malaria mortality as
judged by verbal autopsies during randomized
controlled trials of chemoprohylaxis with pyri-
methamine-dapsone (Maloprim). However, these
same studies respectively demonstrated a rise of
70 and 14% in the incidence of fevers not asso-
ciated with P. falciparum infection. Greenwood
and colleagues [39] subsequently studied the
impact of Maloprim chemoprophylaxis upon
reported and observed symptoms of severe res-
piratory tract infections and acute gastroenteritis
and concluded that there was no evidence that
malaria plays a direct or indirect role in either
cause of morbidity. Similarly, a community ran-
domized controlled trial of insecticide-treated
bed nets on the Kenyan coast was unable to show
any significant impact upon the risks of hospital-
ization with respiratory tract, diarrhoeal or nutri-
tional related conditions despite a 40% reduction
in the risks of malaria admission [33] following a
50% reduction in the risks of infection within the
community [40]. The indirect consequences of
reducing parasite exposure remain a plausible
hypothesis which deserves further investigation;
however, the present data do not support the
notion that malaria infection plays a major role
in determining the risks of non-malaria mortality,
whilst the data perhaps are further confirmation
of the inadequacy of verbal autopsy diagnosis
[36, 37].

Several authors have argued that the risks of
severe or fatal outcomes following first parasite
exposures decrease with increasing age [7, 30).
Baird observed that non-immune adult migrants
into a malaria-endemic area of Indonesia devel-
oped anti-parasitic immunity much quicker than
their accompanying children [41]. A recent study
in a high-transmission area of Tanzania [19]
which provides conclusive evidence that chemo-
prophylaxis prevented over 60% of clinical epi-
sodes of malaria during the first year of life also
showed a doubling of risk of clinical malaria dur-
ing the second year of life when chemoprophy-
laxis was withheld. However, in support of the
age-dependency claim, the authors suggest that
the clinical events during the second year of life
were less severe and involved lower geometric
mean parasite densities. Unfortunately, the
authors were unable to measure the risks of
cause-specific admission or mortality given the
size of the trial. Against the possibility that
malaria severity lessens with age are recent
reports of the severity of disease among non-
immune migrants in Indonesia, where it appears
that adults (aged > 15 years) have a 4.5 higher
risk of cerebral malaria associated with first clin-
ical attacks compared with children (< 10 years)
(Baird, personal communication). These discrep-
ancies in age-dependent risks of parasite density
regulation versus severe pathology require further
investigation through much larger and longer
duration studies as described by Menendez [19]
and among non-immune communities living
under epidemic conditions in Africa.

Conclusions and recommendations

There is a general agreement that the intensity
of parasite exposure will define the speed with
which clinical immunity is acquired and the sub-
sequent pathologies of severe, life-threatening
disease a community is likely to experience.
There is also a consensus view on the short-term
health impact of insecticide-treated bed nets or
chemoprophylaxis. However, disagreement pre-
vails over the long-term consequences of reduc-
ing parasite exposure upon the development of
acquired clinical immunity. Ironically fifty years
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ago the malaria research community was equally
divided over the consequences of widespread use
of DDT in hyperendemic areas of tropical Africa
[42-44]. Today the debate is strengthened by
empirical evidence from field-based studies of
disease risk but appears to be no less controver-
sial. Immunological mechanisms of disease pro-
tection, the significance of innate protection early
in life, the relative contribution of P. falciparum
infection as a risk for other causes of paediatric
mortality and the risks of fatal outcomes on first
encounters with infection later in life remain
poorly defined. These features of the epidemiol-
ogy of malaria’s health impact require further
community-based investigation. It is widely
accepted that health policy must be evidence-
based, and to this end, the challenge is to exam-
ine carefully what limited evidence already exists
and to identify ways in which unresolved ques-
tions may be tackled through appropriate field
research.

Key-words: Malaria, Africa, Child; Immunity,
Control ; Review.
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L’épidémiologie du paludisme clinique
chez les enfants d’Afrique

On observe un nouvel intérét de I’épidémiologie
clinique palustre chez les enfants africains apres
50 ans d’essais d’éradication du paludisme et de
lutte, notamment préventive. Les mécanismes
d’acquisition de I’immunité clinique sont peu
élucidés ; des études récentes ont cependant apporté
quelques éclairages nouveaux de la protection ac-
quise en fonction des densités variables de la trans-
mission propre a I’ Afrique. Il est maintenant clair que
la fréquence des infections individuelles, depuis la
naissance, détermine la rapidité d’apparition de
I"'immunité clinique et les profils pathologiques pou-
vant étre observés. Un doute subsiste quant aux
conséquences a long terme de la réduction des con-
tacts parasitaires dans certaines régions d’ Afrique. I

est indispensable et urgent que de nouvelles études
sur le terrain induisent une lutte dirigée par une
meilleure compréhension du paludisme en tant que
maladie potentiellement mortelle.

Mots-clés: Paludisme, Afrique, Enfant; Immu-
nité, Lutte ; Revue.
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