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Longitudinal serological study of malaria
in infants in the West African savanna
Comparisons in infants exposed to, or protected from,
transmission from birth

L. MOLINEAUX,1 R. CORNILLE-BR6GGER,2 H. M. MATHEWS,3 & J. STOREY4

Two infant populations, the one exposed to intense malaria transmission and the other
protected, were followed and compared by six serological tests. The IgG and IgM levels
increased with age and were systematically, though only slightly, lower in the protected
children. The results of three Plasmodium falciparum tests (precipitin, indirect fluorescent
antibody (IFA) and indirect haemagglutination and one P. malariae test (IFA) were high
at birth and decreased rapidly afterwards in both populations. In the unprotectedpopulation,
this decrease was followed by an increase, closely associated with the parasitological
findings, while in the protected population the decrease continued to very low levels.

The research project on the epidemiology and
control of malaria, conducted in the Garki District,
Kano State, jointly by the Government of Nigeria
and the World Health Organization, included
among its objectives the study of the community
immune response to malaria, as detectable by
multiple serological tests, before, during, and after
a period of intense malaria control through the
application of a residual insecticide and mass drug
administration. The preceding paper in this issue
dealt with the study design, the methods, the para-
sitological situation, the results of the successive
cross-sectional serological surveys, and the relation-
ship between parasitology and serology. This paper
presents a longitudinal analysis of the observations
made in infants by the serological tests: IgG and IgM
levels, the indirect fluorescent antibody (IFA) test
with IgG conjugate, the indirect haemagglutination
(IHA) test, and the Ouchterlony precipitin test for
Plasmodium falciparum, and the IFA test (with IgG
conjugate) for P. malariae.
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DEFINITION OF THE TWO POPULATIONS

Sixteen parasitological surveys were conducted
at intervals of 10 weeks. The five serological surveys
coincided with parasitological surveys 5, 8, 10, 13,
and 15. One village cluster (follow-up unit 2) was
untreated throughout. Two other village clusters
(follow-up units S and 7) were untreated up to
survey 8, after which malaria control measures were
applied.
The serological results in infants born after para-

sitological survey 1 were used to establish the average
serological history of the infants. Because surveys
were conducted at 10-week intervals, an infant was
assumed to be 5, 15, 25, 35... weeks old at the first,
second, third, fourth... parasitological survey after
birth. The following groups ofinfants were compared:

1. Unprotected infants, including all those born
in the untreated villages (follow-up unit 2) after
parasitological survey 1 and those born in the
treated villages (follow-up units 5 and 7) prior to
treatment, i.e., up to parasitological survey 8; the
oldest unprotected " infants " included were 135
weeks old.

2. Infants protected from birth, including only
those born after parasitological survey 8 in follow-up
units 5 and 7; the oldest protected "infants"
included were 65 weeks old. Among the unprotected
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infants, those who were born after parasitological
survey 8, and who were therefore the exact contem-
poraries of the protected infants, were compared to
the total. Differences were neither significant nor
systematic, with the possible exception of the IFA-
P. malariae test for which two sets of results will
be presented.

Starting with parasitological survey 8, protection
in follow-up units 5 and 7 consisted of spraying with
propoxur and mass drug administration. Infants were
excluded from drug treatment until found positive;
this occurred in a very small number of infants,
mostly at low densities and without apparent effect
on the serological averages. The parasitological
conversion rates for P. falciparum and P. malariae
were estimated for the two infant populations; the
corresponding cumulative prevalence curves were
calculated by the formula 1 -exp(-hQ-n), where
h = the daily conversion rate, t = age in days, and
n = 10 for P. falciparum, 20 for P. malariae. The
observed cumulative prevalences were very similar
to the calculated ones, which are presented for
comparison with the serological results.

IMMUNOGLOBULIN LEVELS

In the unprotected infants, the IgG level rose
throughout the first 135 weeks of life from 100 to
275 IU/ml. The IgM level rose from 125 to 250 IU/
ml during the first 35 weeks of life, after which it
was relatively stable up to 135 weeks. In the infants
protected from birth the levels were slightly but
systematically lower (Fig. 1).

MALARIAL ANTIBODY LEVELS

Fig. 2 shows the mean antibody levels, by age,
in the two populations of infants. For computing the
geometric means shown for the IFA and IHA titres,
an IFA titre of <20 was converted to 6.7 and an
IHA titre of <16 was converted to 8. In the un-
protected infants, the levels of malarial antibodies
fell after birth and then increased. The minimum
was reached at 25 weeks for the precipitin-P. falci-
parum test, the IFA-P. malariae test, and the IHA-
P. falciparum test. and at only 45 weeks for the
IFA-P. falciparum test.

In the infants born into the protected population,
the levels of P. falciparum antibodies at the first
survey after birth, i.e., at about 5 weeks, were lower
than in the unprotected infants and this difference
was significant for the number of bands of precipita-
tion and the IFA test results. The IFA-P. falciparum,
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Fig. 1. The levels of IgG (top graph) and of IgM (mean
and 95 % confidence limits) in the infants of the
unprotected (solid line) and protected (broken line)
populations, by age. N(U) = numbers examined in the
unprotected population; N(P) = numbers examined in
the protected population.

IFA-P. malariae, and IHA-P. falciparum titres fell
rapidly to very low, " negative " levels, reaching a
minimum at the age of 25 weeks for the IFA-
P. malariae test; after that, the titres remained low,
in contrast to the rise observed in the unprotected
population. In the case of the precipitin-P. falci-
parum test the level, expressed as the number of
precipitation bands, fell to a point lower than that
observed in the unprotected population but still
clearly above zero; a minimum was reached by the
age of 45 weeks.

PROPORTION POSITIVE BY THE SEROLOGICAL TESTS

Fig. 3 shows the proportion positive for the two
populations of infants by age and as detected by the
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Fig. 2. The levels (mean and 95 % confidence limits) of antibodies against P. falciparum in the precipitin, IFA, and
IHA tests and of antibodies against P. malariae in the IFA test in infants, by age, in the unprotected (U) and pro-
tected (P) populations. Ul = total unprotected; U2 = unprotected infants born after the start of the intervention
phase. See Fig. 3 for the numbers examined in both populations.

four specific serological tests. In the unprotected
infants the proportion positive decreased after
birth to a minimum, after which it increased steadily;
in the infants protected from birth it decreased faster
and to much lower levels.

In the unprotected infants, the proportion positive
for P. fakciparum by the precipitin test decreased
from 1.00 at the age of 5 weeks to about 0.50 at
the age of 25 weeks (175 days), after which it in-
creased; between the ages of 175 and 700 days, the
proportion positive was very close to the cumulative
prevalence expected from the parasitological infant
conversion rate estimated in the same population.
In the infants protected from birth, the proportion
positive was significantly lower in the youngest
group (chi-square = 8.34) and continued to decrease
beyond the age of 175 days.

The proportion positive for P. fakciparum anti-
bodies by the IFA test decreased in the unprotected
infants from 1.00 at the age of 5 weeks to 0.67 at the
age of 45 weeks (315 days), after which it increased
and was very close to the calculated cumulative
prevalence of the infection in the same population.
In the infants protected from birth, it was also 1.00
at the age of 5 weeks, after which it decreased faster
and for a longer period than in the unprotected
population to about 10% at the ages of 55 and
65 weeks, i.e., not much higher than the cumulative
prevalence of infection expected in the same popula-
tion from the low infant conversion rate.
The proportion of unprotected infants positive

for P. malariae antibodies by the IFA test decreased
from 0.93 at the age of 5 weeks to 0.48 at the age of
25 weeks, after which it increased slowly; in the
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Fig. 3. The proportion of infants positive for malarial antibodies, by age, compared with the cumulative proportion
positive, calculated from the parasitological conversion rate, in the unprotected (U) and protected (P) populations
(positive = 1: 20 by the IFA test, 1: 16 or 1: 32 by the IHA test. N(U) = numbers examined in the unprotected
population; N(P) = numbers examined in the protected population; paras. cum. = cumulative parasite prevalence.

infants protected from birth, it was nearly the same

(0.90) at 5 weeks of age, after which it decreased to
much lower levels (about 0.05 at 1 year) than in the
unprotected population.
For the IHA test, two definitions of positive titres,

i.e., 16 or higher and 32 or higher, were applied.
In the unprotected infants, the proportion positive
for P. fakciparum antibodies decreased after birth
to a minimum, after which it increased. Its relation-
ship to the calculated cumulative prevalence of the
infection was less striking than for the precipitin
and IFA tests, but the proportion of infants examined
by the IHA test was lower. At the age of 25 weeks
and over, the proportion with a titre of 16 or

higher was a slightly better indication of cumulative
prevalence than the proportion with a titre of 32 or

higher. In the infants protected from birth, the
proportion positive decreased to about 30% or 20 %,
according to the definition used, by the age of 1 year.

DISCUSSION

The results of the four specific tests (precipitin-
P. falciparum, IFA-P. falciparum, IFA-P. malariae,
and IHA-P. fakciparum) show that levels of malarial
antibodies decreased in early life, both in the
unprotected and protected populations; these tests
apparently detect maternal antibody. The results
suggest either that in an unprotected population
the antibodies detected by the precipitin-P. falci-
parum and IHA-P. falciparum tests persist longer
than those detected by the IFA-P. falciparum and
IFA-P. malariae tests, or that the first two tests,
as actually used, were less specific. Protection of the
mothers (including drug administration) may have
decreased the amount of maternal antibodies
detected by the precipitin-P. falciparum and IFA-
P. falciparum tests.

In the unprotected population, the proportions
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positive by the three P. falciparum tests (precipitin,
IFA, and IHA) rose after a certain age and became
very similar to the cumulative prevalence of P. falci-
parum estimated parasitologically. The tests therefore
seem to be good indicators (and possible estimators)
of the effective inoculation rate. In this context the
definitions used for " positive" appear satisfactory
from the point of view of sensitivity; for the IHA
test, the Center for Disease Control, Atlanta, USA
considers a titre of 32 or more, rather than one of
16, as having satisfactory specificity; this makes the
test somewhat less sensitive than the other two.
The data from this study appear more suited to a
diagnostic IHA titre of 16 or higher, while for the
IFA test the rapid decline to nearly zero in the
infants of the protected population suggests that a
titre of 20 is quite specific.

In the unprotected population, the proportion
positive by the IFA-P. malariae test remained higher
than the cumulative prevalence of P. malariae
estimated parasitologically, while in the protected
population it dropped rapidly to nearly zero.
These findings could be explained in part by cross-
reactions between P. falciparum and P. malariae
in the IFA test; there was, as described in the preced-
ing paper, a positive correlation between the results
of the two IFA tests. The findings would also be

compatible with a high sensitivity and specificity
of the IFA-P. malariae test, combined with relative
insensitivity in the method by which the infant
conversion rate for P. malariae was estimated.
With respect to the IgG and IgM levels, there

was relatively little difference between the infants
of the protected and unprotected populations,
suggesting that only a small part of the early rise
in IgG and IgM is attributable to malaria.
The levels of IgG and IgM and the results of the

precipitin-P. falciparum and IFA-P. falciparum
tests in the unprotected infants were compared with
the corresponding results from Keneba, Gambia
(1-3). The findings of the two studies were on the
whole similar but showed the following differences:
(a) the decline in IgG observed in the first few weeks
of life in the Keneba study was not observed in
Garki where the two youngest age groups were,
on the average, 5 and 15 weeks old and (b) the
proportions positive by the precipitin-P. falciparum
and IFA-P. falciparum tests decreased after birth
to clearly lower minima in Keneba than in Garki,
before rising again. This last difference could be
a result of either a higher test sensitivity (or a lower
test specificity) in Garki, or of a higher level of
transmission in Garki; the parasitological findings
from the two areas suggest the latter.
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RFiSUMIt

fiTUDE SEROLOGIQUE LONGiUDINALE DU PALUDISME CHEZ LES NOURRISSONS DANS LA SAVANE DE L'OUEST
AFRICAIN: COMPARAISON ENTRE LES NOURRISSONS EXPOSE'S A LA TRANSMISSION OU PROTfiGES DEPUIS LA NAISSANCE

Deux populations de nourrissons, l'une exposee A une
transmission paludeenne intense et l'autre protegee depuis
la naissance, ont subi une serie d'epreuves serologiques
successives aux fins de comparaison. On a constate que
les titres d'IgG et d'IgM augmentaient avec I'age et
qu'ils etaient de fa$on constante legerement plus faible
chez les nourrissons proteges. Les resultats des quatre
epreuves serologiques sp6cifiques- trois pour Plasmodium
falciparum (par precipitation, immunofluorescence et
hemagglutination passive) et une pour P. malariae (par

immunofluorescence - ont permis de denoter des titres
d'anticorps relativement elev6s A la naissance dans les
deux populations. Les resultats positifs decroissent ensuite
dans les deux populations, apres quoi ils remontent
lentement dans la population non protegee, jusqu'A
un niveau tres voisin de l'indice parasitologique cumu-
latif. Chez les nourrissons proteges, en revanche, les
resultats positifs continuent A decroitre jusqu'A un niveau
tres faible.
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