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The epidemiology of multiple Plasmodium falciparum infections

1. General introduction
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The dynamics and determinants of the development
of host defences and immunity to malaria have
intrigued researchers from the moment when the
parasite’s life cycle was understood. Soon after Ross’s
and Grassi’s discoveries, clinicians described exposure-
related immunity. Two distinct terms were brought into
the discussion of resistance to malaria: (1) semi-
immunity, referring to a situation of acquired immunity
as a consequence of continual exposure controlling
infection and leading to low-level chronic parasitaemia,
but clearing the infections (R0OSS, 1910; reviewed by
MCGREGOR, 1986), and (ii) premunition, describing
protection against superinfection resulting from existing
infection (SERGENT & PARROT, 1935). However, the
understanding of these 2 phenomena and their inter-
relationship is still incomplete. This is reflected in the
way these terms are often used incoherently, despite
their importance for the comprehension of malaria
endemicity and protection.

Classical malariological methods have been applied
in comprehensive epidemiological projects to study
transmission, most effectively in the Garki project (MoO-
LINEAUX & GRAMICCIA, 1980), but have not been able
to elucidate the determinants of premunity and semi-
immunity. Molecular techniques now offer many new
possibilities to generate a deeper understanding of
host—parasite interactions and have also been used ef-
fectively to enhance our understanding of parasite pop-
ulation biology (reviewed by PAUL & DAy, 1998).
These techniques also guide current approaches in vac-
cine development and/or the characterization of indi-
vidual parasites in experimental systems or in humans.
While our understanding of both host and parasite at
the individual level has consequently grown, under-
standing of premunition and semi-immunity, or ac-
quired immunity, remains fragmentary, particularly at
the population level.

Up to now, typing of Plasmodium falciparum in human
hosts has been concentrated mainly on the diversity of
the parasite population (e.g., CONWAY & MCBRIDE,
1991; ARNOT et al., 1994; BABIKER et al., 1995) and the
search for markers of parasite virulence, showing that
members of some genotype families appear to be asso-
ciated with morbidity (ENGELBRECHT et al., 1995;
ROBERT et al., 1996; KUN et al., 1998). Studies using
multi-locus genotyping described complex patterns of
multiple infections undergoing rapid change (FARNERT
et al., 1997). However, few of these studies have quan-
tified the complexity or its dynamics, or compared dif-
ferent population groups. More recently, a series of
epidemiological studies in Senegal, Tanzania and Pa-
pua New Guinea has indicated the importance of mul-
tplicity of infection, i.e., the number of co-infecting
parasite genotypes (CONTAMIN et al., 1995; NTOUMI et
al., 1995; AL-YAMAN et al., 1997; BECK et al., 1997).
These studies established that (i) the multiplicity of in-
fection within a host appears to depend not only on ex-
posure but also on age, (ii) multiplicity can reach high
levels, i.e., up to at least 9 different parasite clones at a
given time in one single host, and (iii) multiplicity of in-
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fection can be positively associated with protection
against mild episodes of malaria.

The Kilombero valley in the Morogoro Region of
south-eastern Tanzania is well known as an area of high
perennial malaria transmission. Given the great impor-
tance of malaria as a public health problem in such sit-
uations of very high endemicity, typical of sub-saharan
Africa, numerous basic and applied research projects
have been undertaken there, ranging from descriptive
and analytical to intervention studies, including malaria
vaccine trials and trials of different prophylactic regi-
mens and drugs (TANNER ez al., 1991; SMITH et al.,
1993; ALONSO et al., 1994; HURT ez al., 1995; MENEN-
DEZ et al., 1997; HATZ et al., 1998). Most of these stud-
ies were community-based and aimed at understanding
and quantifying the risks for mild and severe malaria
morbidity and at designing strategies that could reduce
these risks. Consequently, the studies covered all age
groups of the populaton, but focused on infants and
children (KITUA er al., 1996, 1997; MENENDEZ et al.,
1997), i.e., those at highest risk and those who are in the
process of developing acquired immunity in the com-
plex interplay between (i) loss of fetal and maternal pro-
tection, (i1) development of the immune system and (iii)
regular challenge with P. falciparum infections of differ-
ent genotypic make-up. The community-based and lon-
gitudinal nature of the studies undertaken so far in this
area of intense perennial transmission provided the ba-
sis for an epidemiological approach to an understanding
of the dynamics of multiple P. falciparum infections.
Large cohorts of infants were followed through their
first year of life and later through their childhood and
adolescence.

The multiplicity of P. falciparum infections was meas-
ured and analysed using the highly polymorphic mero-
zoite surface protein 2 locus (msp2) of P. falciparum as
marker gene. Thus, it was possible not only to under-
take an in-depth and longitudinal analysis of the dy-
namics of multiple infections at population level, but
also to revisit the concept of premunition. As a result of
these studies, we put forward the hypothesis that in
young infants host defence against blood-stage infec-
tions with P. falciparum relies mainly on fever and relat-
ed cytokine activities, and infections are of relatively
short duration. In older children, high multiplicity of P.
falciparum infection is the feature of chronic, low-level
parasitaemia. This in turn appears to confer cross-pro-
tection against newly inoculated parasites based on par-
tially genotype-specific responses, that might last only a
little longer than the infections themselves. The follow-
ing series of papers develops this hypothesis, based on
the comprehensive analysis of all studies undertaken in
the Kilombero valley over the past 10 years compared
with findings from other sites of similar or distinctly dif-
ferent endemicity.

Besides suggesting this hypothesis, the findings also
highlight the extent to which epidemiological analyses
of multiple infections—beyond descriptive presenta-
tions of genetic polymorphism—can contribute to in-
sight into the evolution and ecology of P. falciparum.
There is certainly a need for theoretical studies in this
area, and fieldwork on competition between genotypes.
This may also trigger the formulation of hypotheses for
further research on immunological effector mecha-
nisms, on integrated genetic epidemiology (TIBAY-
RENC, 1998), and on the dynamics of mixed species
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malarial infections in humans, particularly on the inter-
relationship between P. falciparum and P. malariae at
the population level.

The following papers do not consider molecular
markers of drug resistance. Research on transmissibili-
ty, recombination and the relation between different
genotypes and their drug sensitivity will become of
highest priority once adequate molecular markers for
resistance to commonly used antimalarial drugs become
available. However, the papers do point to some practi-
cal implications which should be considered in malaria
control, be it in relation to the short- and long-term ef-
fect of insecticide-treated bed nets or the design and ap-
plication of future malaria vaccines.

We are very grateful to our colleagues working in oth-
er endemic areas of Africa for having contributed their
own findings on multiple P. falciparum infections. It is
indeed unusual for experiences from areas of different
endemicity to be compiled in one volume. We are
equally grateful to the Royal Society of Tropical Medi-
cine and Hygiene for having agreed to collaborate with
us in compiling this supplement and for having effi-
ciently supported its production in many ways.

We hope that the present series of papers will contrib-
ute to better understanding of the role and dynamics of
multiple P. falciparum infections among all age groups
in different endemic settings, and of the central role that
premunition plays in the development of acquired im-
munity to malaria. We look forward to comments and
findings generated in areas of similar or different ende-
micity that will challenge or support our hypotheses.
We are confident that the findings will prove highly rel-
evant to the design of new concepts and strategies of
malaria control within the context of the global efforts
to ‘Roll Back Malaria’.
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