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A longitudinal study of Plasmodium falciparum
malaria in the West African savanna using the
ELISA technique*

A. VOLLER,1 R. CORNILLE-BROGGER, 2 J. STOREY, 3 & L. MOLINEAUX 4

Malarial antibody levels were measured by the enzyme-linked immunosorbent assay
(ELISA) in two West African populations, one exposed to intense malaria transmission and
the other protected. The results reflected the transmission of maternal antibody and, in the
unprotected population, the subsequent increase of the ELISA values with age reflected the
development of the immune response to malaria. Malaria control activities reducedELISA
values in the protected population. The limitations of the ELISA test used in this study are
shown by the fact that numerous infants with previous proven parasitaemia were ELISA-
negative. Purified antigens are needed to improve the ELISA test for use in serological
surveys of malaria.

The research project on the epidemiology and
control of malaria, conducted in Garki District, Kano
State, Nigeria, jointly by the Government of Nigeria
and the World Health Organization, included among
its objectives the study of the community's immune
response to malaria, as detectable by multiple sero-
logical tests, before, during, and after a period of
intensive malaria control through the application of a
residual insecticide and mass drug administration.
The preceding papers in this series (1, 2) dealt with the
study design, the methods, the parasitological situ-
ation, the results of serological surveys (immuno-
globulin determinations, precipitin test, immuno-
fluorescent antibody (IFA) test, and indirect haemag-
glutination (IHA) test), and their relationship with the
parasitological results. This paper presents the results
obtained with the enzyme-linked immunosorbent
assay (ELISA).

MATERIALS AND METHODS

The project included a total of eight serological
surveys in eight villages: two surveys before inter-
vention, three surveys during intervention with
residual spraying and mass drug administration,
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which reduced malaria to a very low level (intervention
was in six of the eight villages), and three surveys
during the post-intervention period (1). The ELISA
tests were performed on a random sample of about
1900 sera from Surveys 1 (October 1971, wet season),
2 (May 1972, dry season, shortly before intervention),
and 4 (May 1973, dry season, after one year of inter-
vention in the protected villages).
The ELISA test was carried out essentially as

described by Voller et al. (3). The antigen was
Plasmodium falciparum prepared by sonication of
erythrocytes from Aotus monkeys with experimen-
tally induced infections. The antigen was adsorbed on
to polystyrene microplates. Test sera were diluted
1:1000 and were incubated for two hours at room
temperature. The conjugate was alkaline-phospha-
tase-labelled sheep antihuman immunoglobulin. This
was diluted 1:2000 and incubated for 18 hours at
+4 'C. The enzyme substrate was 4-nitrophenyl
phosphate, and its incubation time was adjusted so
that the positive reference serum gave the same results
each day. The results are expressed as absorbance
units. These results represent the absorbance of the
contents of each well at 405 nm in a spectropho-
tometer with 1-cm cell. Values above 0.2 were
considered as positive.

RESULTS

The results of ELISA tests are reported as arith-
metic means of the values obtained and as the pro-
portion of positives (ELISA value >0.2) for each
age-group.
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Table 1. Age-specific prevalence of P. falciparum before intervention: comparison of parasitological and serological findings

Prevalence by age-group (years)a
Test Definition of 'positive'

1-4 5-8 9-18 19-28 29-43 > 44

Parasitological surveys 1-8 )1 film positive for P. falciparum 0.98 0.99 0.95 0.76 0.78 0.78
(272) (359) (395) (392) (731) (458)

Serological survey2b 1l band 0.92 0.99 1.00 0.99 1.00 1.00
Precipitin test (265) (358) (395) (391) (731) (454)

IFA test > 20 1.00 1.00 1.00 1.00 1.00 1.00
(198) (186) (123) (53) (77) (51)

IHA test )16 0.91 0.94 0.96 0.98 0.98 0.99
(209) (309) (369) (338) (628) (367)

IHA test ) 32 0.87 0.91 0.93 0.97 0.98 0.99

ELISA > 0.2 0.56 0.92 0.97 0.98 0.98 0.98
(130) (124) (90) (55) (97) (57)

a The figures in parentheses are the numbers of persons examined at all eight baseline parasitological surveys or by each serological test at
the eighth baseline parasitological survey.
b The second serological survey coincided with the eighth parasitological survey.

Table 1 shows the proportion of the population
aged 1 year and older that were positive by the four
serological tests specific for P.falciparum and
compares the serological with the parasitological
findings. The ELISA results show surprisingly few
positives in comparison with the parasitological
positives in the age-group 1-4 years.
The ELISA results are reported for all ages, by age

groups < 1, 1-4, 5-8, 9-18, 19-28, 28-43, and
>44 years in Fig. 1 and Fig. 2 and independently in
more detail for infants in Fig. 3 and Fig. 4. Note that
the study of infants is based on small numbers.
A comparison between the protected and unpro-

tected populations with respect to their baseline
ELISA results demonstrated no significant differ-
ence, so that differences appearing during inter-
vention can be attributed to the intervention. The
analyses presented follow the pattern used for the
other serological tests (1, 2).

Fig. 1 shows the range of the mean ELISA values by
age in the unprotected population found in the three
surveys and in the protected population after one year
of control (Survey 4). The values increased with age
and reached a plateau by age 19-28 years in the
unprotected population. In the protected population
the ELISA values were markedly lower (and signifi-
cantly) in age-groups 1-4 to 9-18 years, but there was
less difference in the older age-groups.

Fig. 2 shows a rapid increase with age in the pro-
portion of positives in the unprotected population,
more than 90% of all individuals being positive by the
ELISA test by 5-8 years of age. Among those

protected for one year, the proportion of positives has
decreased markedly in the age-group 1-4 years and
progressively less in the older age-groups.

Fig. 3 shows the mean ELISA values for the dif-
ferent age groups of infants born into the protected
and unprotected populations (within the protected
population, infants were given antimalarials only if
found positive, which occurred extremely rarely). The
demographic and parasitological surveys were
conducted every 10 weeks, and infants were classified
as 5 weeks old at the first survey after their birth, 15
weeks old at the second survey, etc. Two curves are
presented for unprotected infants, one (Ul) com-
bining results from the three surveys, the other (U2),
based on Survey 4 only, i.e., representing values for
the exact contemporaries of infants born in the
protected population. In unprotected infants (Ul),
the mean ELISA value measured shortly after birth
(about 5 weeks) is clearly above the cut-off point for
positives of 0.2; after that it decreases rapidly and
significantly, and at 15 weeks it lies clearly below the
cut-off point; after that, it increases, but only very
slowly.

Fig. 4 compares the proportion of infants positive
by the ELISA test (value >0.2) by age, in the unpro-
tected and protected populations, with the cumulative
prevalence of P.falciparum parasitaemia (proportion
of infants that are or have been positive) at the same
ages. In the unprotected population, the majority of
newborn were ELISA-positive; after that the pro-
portion of positives decreased rapidly, then increased
very slowly, particularly by comparison with the pro-
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Fig. 1. ELISA values for malaria (arithmetic means and 95% confidence limits) by age, in the unprotected population and in
the protected population after one year of protection. Shaded area shows the range of the means of three surveys.
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Fig. 2. ELISA-positive proportions of the unprotected and protected populations, by age group. The numbers of subjects
are shown above the figure.
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Fig. 3. ELISA values (arithmetic means and 95% confidence limits) for the infants in the unprotected population for the
three surveys combined (Ul, solid line) and in the protected (P) and unprotected (U2) populations at Survey4 (broken lines).
N = numbers examined.
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Fig. 4. The proportion of infants with positive ELISA values (broken lines), by age, compared with the cumulative proportion
of parasitological positives (solid lines), in the unprotected (U) and protected (P) population (the numbers examined by
ELISA are the same as in Fig. 3).

portion parasitologically positive. In the protected
population, all infants rapidly became ELISA-
negative.

Fig. 5 shows the actual distribution of ELISA
values in the protected and unprotected populations,
after 1 year of intervention, for three age-groups.
There is a greater percentage of persons with lower
ELISA values in the protected population, particu-
larly in the youngest age-group.
The relationship between the ELISA values and the

parasitological findings in the same person was
examined in two ways. Fig. 6 shows the mean ELISA
values by age-group for those with positive and
negative parasitological findings at the same survey
(first baseline serological survey). The mean ELISA
values are lower for those with positive P.falciparum
parasitology, in all age-groups above 5 years; at the
second baseline survey, they were lower in all age-
groups without exception. Even though individual
differences are not significant, the regular trend
observed in this respect is unlikely to be due to chance.

Fig. 7 explores the relationship between the ELISA
value at a given survey (the first baseline serological
survey) and the parasitological findings at preceding,

concomitant, and subsequent surveys within the base-
line period (8 parasitological surveys at 10-week
intervals, the fifth parasitological survey coinciding
with the first serological survey). Within each age-
group, persons were stratified according to ELISA
values, and the strata were compared with respect to
the prevalence of P.falciparum and P.falciparum
gametocytes before, during, and after the serological
survey. The figure shows a fairly regular negative
association between the ELISA value and para-
sitaemia, visible for trophozoites from age-group
5-8 years upwards, and for gametocytes from age-
group 1-4 years upwards.

DISCUSSION

These results show that ELISA, in common with the
other serological tests, reflects the transmission of
maternal antibody; in the case of unprotected infants
and children, the subsequent increase in ELISA values
parallels the development of an active immune
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Fig. 5. The distribution of ELISA values in the protected
(broken lines) and unprotected (solid lines) populations in
three age groups after one year of protection. N = number
protected; number unprotected.

response to malaria. The near-removal of patent
malaria parasitaemia by insecticide spraying and mass
chemotherapy resulted in a lowering of ELISA values,
especially in the younger age-groups. To what extent
this reflects a loss in functional immunity is not
completely clear. However, the results in Fig. 6 and
Fig. 7 show that unprotected individuals with high
ELISA values tend to have lower parasitaemia; this
suggests that high ELISA values are associated with
protective immunity.

In the study under discussion, many young infants
were found to be ELISA-negative even though they
had previous proven parasitaemia. This is a surprising
finding, since European adults or experimentally
infected primates with a single malaria infection
invariably become ELISA-positive within a few weeks
of the infection and their ELISA values usually reach
high levels.

This finding suggests that infants in the endemic
area are responding less well immunologically than
non-immune adults to malaria infection. The rather
low values in the other serological tests support this
contention, but the reason for it is not clear. It may be
that the immune system of these infants is not suf-
ficiently mature to mount an effective humoral
immune response to malaria but other factors-for
example, immunodepression-might also play a part.

In a previous communication (1), it was shown that
there was a poor correlation among the results ob-
tained by the various serological tests used (IgG and
IgM levels, precipitin test, the IFA test, and the IHA
test). Similarly, the ELISA values do not correlate well
with those obtained by the other methods. ELISA is
known from non-malarial contexts to have an exceed-
ingly high sensitivity, yet the results of the present
study suggest that it is less efficient than the precipitin
test in detecting persons with previous experience of
malaria, although the precipitin test is acknowledged
to be an insensitive method. This paradox is probably
due to certain technical features of the tests, notably
the antigens used, and to the interpretation of the
results, especially as regards the definition of posi-
tivity employed. In all the tests used in this study,
except the IFA test, the antigen was a rather crude
extract of infected erythrocytes. Each batch of this
material that is prepared will differ in the proportion
of malaria antigen to non-malarial material, and even
the malaria antigen component-itself a complex
mixture-can vary in potency and spectrum of
reactivity. It may be that, because it employs a much
more concentrated antigen than the ELISA, the
precipitin test is better at detecting antibody to minor
components of the antigen. The ELISA results will
also be influenced by the proportion of non-malarial
material in the extract as this will affect the amount of
malaria antigen that can be adsorbed to the plastic
solid phase, and this in turn will affect the sensitivity
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Fig. 6. Association between mean ELISA values and the parasitological findings in the total population prior to intervention,
by age group (95% confidence limits are shown by vertical lines).

of the test. Purification of the antigen is an obvious
first step for improving the ELISA method. The
apparent efficiency of the various serological methods
in detecting individuals with previous experience of
malaria will depend on the criteria used for differen-
tiating "positive" from "negative" reactions in the
different methods. For the IFA and IHA tests, certain
minimum titres were considered as positive; in the
precipitin tests, the presence of any precipitin bands
was interpreted as showing positivity. The validity of
each of these assumptions is debatable. In the ELISA

test a certain test absorbance value (0.2) was chosen as
the cut-off point. This point was based on the highest
ELISA values encountered in adult sera from a non-
malarious tropical population. It was clearly too high
as regards the classification of infants as positive and
negative in the study under discussion, but it is
difficult to see how another cut-off point could be
established from cross-sectional surveys unless a large
number of sera were made available from non-
malarious infants and children living in a similar
environment.
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Fig. 7. Plasmodium falciparum parasite rate (open columns) and P. falciparum gametocyte rate (shaded columns) before,
during, and after the first serological survey, by age group and ELISA value.

The limitations of the ELISA test, as used here, do
not necessarily invalidate its use as an epidemiological
tool in malaria control. Serology has been, and could
be, used for individual diagnosis or for community
diagnosis. None of the serological tests, including
ELISA, proved very reliable for individual diagnosis
in the present study. However, it must be borne in
mind that this study was carried out in an area of high
malaria transmission and that transmission was nearly
interrupted for only a limited time. In areas of lower
endemicity, or after longer times of malaria control,
the serological approach might be more useful. The

problem with the tests, as carried out at present, is that
a downward shift of the cut-off point will increase
sensitivity at the expense of specificity, and vice versa.
In community diagnosis for the purpose of planning
or evaluating a malaria control programme, the exact
role of serology is debatable.
The relative usefulness of the different serological

tests and of parasitological and entomological
techniques will depend not only on their relative
sensitivity and specificity but also on the cost of
labour, equipment, and reagents, and on their
simplicity, accuracy, and reproducibility.

RESUME

ETUDE LONGITUDINALE DU PALUDISME A P. FALCIPARUM DANS LA SAVANE D'AFRIQUE
OCCIDENTALE AU MOYEN DE LA TECHNIQUE ELISA

Des titrages avec immunoabsorbants lies A une enzyme disme, ainsi que dans des populations de secteurs ou des
(ELISA) ont e pratiques sur les s&ums recueillis chez des activites de lutte antipaludique etaient appliqu&es depuis une
personnes appartenant A differents groupes d'Age dans des annee. La technique ELISA sur un microplaque a e utilisee
populations expos&s A une intense transmission du palu- avec un antigene de P.falciparum pour mesurer l'anticorps
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anti-paludisme. Les valeurs obtenues par cette technique
etaient 6lev6es chez les enfants nouveau-n6s, puis elles
decroissaient rapidement, et les resultats restaient negatifs
dans la population proteg6e. Parmi la population non
proteg&, les resultats de la technique ELISA ont de nouveau
augmente ensuite, mais plus lentement que la proportion
d'enfants parasitologiquement positifs. Parmi la population
protegee, il y avait un pourcentage plus eleve de personnes,

particulierement d'enfants, ayant de faibles titres par la
technique ELISA. On a rencontre des difficultes pour etablir
le point pr&cis permettant de distinguer les s&rums positifs
des serums negatifs par cette technique. I1 a et conclu que
l'utilisation d'antigenes purifies etait essentielle pour
ameliorer les resultats de 1'epreuve ELISA dans le
paludisme.
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