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Circumsporozoite antibodies and falciparum malaria
incidence in children living in a malaria endemic area*

L. W. PANG,' N. LIMSOMWONG,2 J. KARWACKI,3 & H. K. WEBSTER4

In a case-control study we examined the association of Plasmodium falciparum
circumsporozoite antibodies (anti-R32tet32) with subsequent P. falciparum infections. A
study population of 140 children living in an endemic area was followed longitudinally
for 25 weeks with weekly blood smears for malaria parasites and, once every two weeks,
serum samples for circumsporozoite antibody determinations. From the malaria cases,
antibody measurements occurring between two and six weeks prior to the onset of
parasitaemia were utilized. For each case, two controls were selected. The resultsfrom 17
cases and 34 controls failed to show a statistically significant difference in antibody levels
prior to the infection (P =0.07, one-tailed Student's t-test). However, 8 ofthe 17 cases had
antibody present, indicating a level that was not protective against patent infection.

Progress has recently been made in the laboratory
towards the development of a falciparum malaria
vaccine. There are currently two candidate vaccines
directed against Plasmodiumfalciparum sporozoites,
which is the form of the parasite injected by the mos-
quito. One is a synthetic peptide vaccine linked to a
tetanus toxoid carrier (1) and the other is a DNA-
recombinant peptide (FSV-1 or R32tet32) produced
in Escherichia coli (2). Both vaccines contain the
immunodominant epitope of the circumsporozoite
surface protein within a tandemly-repeated tetrapep-
tide sequence (3). A fully successful sporozoite
vaccine will protect the host against the development
of the hepatic stage of the parasite and the subsequent
erythrocyte cycle of malaria infection. These vac-
cines have recently undergone preliminary clinical
trials for safety, immunogenicity, and efficacy in
human volunteers (4, 5).

In the field, investigators have been examining the
relationship between natural malaria infection and
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naturally occurring anti-sporozoite (circumsporo
zoite, CS) antibodies. Study designs fall into twc
categories. The first type of study examines CS anti
body production in response to previous infections
Investigators have examined the kinetics, i.e., th4
rise, peak titre and lifetime of the antibody (6), a
well as the prevalence of the antibody in a populatioi
in response to past exposure (7-10).
The second type of study examines the possible

protective role of CS antibody. Cross-sectional o
ecological field studies are performed, in which th4
prevalence of falciparum malaria and the antibod:
levels in a target population are determined. I
positive correlation between age, antibody levels tc
R32tet32, and a decreased prevalence of malaria wa;
observed in one such study done in Indonesia (11)
implying that CS antibody might have been pro
tective. However, these findings could be explaineA
by hypotheses other than that the CS antibodies were
responsible for the malaria protection. In fact, in X
recently reported study in Africa, naturally-acquire(
CS antibodies were observed not to be protective ir
preventing parasitaemia (12).
To determine the role that CS antibody plays i

protection, it is necessary to measure the antibod'
level prospectively, i.e., prior to, rather than at thi
time of, parasitaemia. Even if high CS antibody titre
are associated with a lower subsequent malaria inci
dence, this does not prove that this factor is protectiv4
by itself or is only associated with other protective
factors (e.g., high levels of other protective anti
bodies or cellular immunity).
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Prior to the start of the present study, the authors
performed a cross-sectional survey of CS antibody
prevalence in a population living in a malaria endemic
area of Thailand and found that a significant pro-
portion did not have detectable levels of CS anti-
bodies. We postulated that it was these individuals
who would subsequently become the major group of
falciparum malaria cases. The purpose of this study
was to perform a longitudinal assessment of circum-
sporozoite anti-R32tet32 (CSR) antibody levels and
to correlate these levels with subsequent falciparum
malaria infections.

MATERIALS AND METHODS

Study site and population
The study was conducted in Mae Thawaw, a Karen

village located on the Thai-Burmese border in an area
of unstable falciparum malaria transmission where
the monthly incidence, as measured by active case
detection, ranges from 5% to 25 %. The subjects were
140 children, 5 to 15 years old, who as the control
group of a drug prophylactic study were not receiving
antimalarials. Most of them had lived in this area for
the previous three years and in similar malaria
endemic areas before that. All the parents gave free
and informed consent for their children to participate
in this study.

Study design
The subjects were followed prospectively for 25

weeks. Malaria diagnostic smears were performed
every week. In addition, smears were done on all
subjects complaining of symptoms suggestive of mal-
aria. Two hundred oil-immersion fields of a Giemsa-
stained thick film were examined before designating a
smear as negative. All who were diagnosed as having
malaria were treated with either chloroquine plus
primaquine or mefloquine plus sulfadoxine/pyri-
methamine (MSP). No other antimalarials were
available to the subjects during the study. Once every
two weeks, blood samples were obtained except
immediately following P. falciparum therapy.
Cases were defined, retrospectively, as those who

developed falciparum malaria and had had at least one
CSR antibody determination between 2 and 6 weeks
prior to the positive smear. Subjects who had devel-
oped vivax malaria within 6 weeks before the falci-
parum infection were also eligible to be counted as
cases.
For each case, two controls were matched by age

(within one year) and timing of sera. Controls were
defined as those who did not contract falciparum mal-
aria during the entire study period and had serum

drawn between 2 and 6 weeks prior to the date of
patency of the corresponding case. Week 0 for the
controls was the same calendar week as the date of
patency ofthe corresponding case. Subjects on prima-
quine were not used as controls because of the pos-
sible falciparum malaria prophylactic effects of this
drug (13, 14).
Serum samples were also analysed from 10 ad-

ditional subjects who had P. vivax infections (but no
falciparum malaria during the study period) in order
to determine the effect that vivax malaria and treat-
ment had on the CSR antibody levels.

Laboratory procedures
Once every two weeks, blood samples were ob-

tained by fmgerstick in micro-haematocrit capillary
tubes, and frozen in liquid nitrogen within 10 hours.
Samples were stored at -70 OC for approximately
six months after which the serum antibody levels
were measured.

Detection of IgG antibodies against the asexual
erythrocytic forms of the malaria parasite was by an
indirect fluorescent antibody test (IFAT) which we
have already described (6). Malaria slides were
prepared using an isolate ofP. falciparum collected in
south-eastern Thailand. Sera were tested in twofold
dilutions from 1:10 to 1:1280 with positive, negative
and PBS (phosphate buffered saline) controls in-
cluded in each sample set. A sample was considered
positive when reactive at a dilution of 1:40. The IFAT
results were expressed as reciprocal titres.

Anti-sporozoite antibodies were detected by
enzyme-linked immunosorbent assay (ELISA) using
R32tet32 as the capture antigen, as previously des-
cribed (6). All serum samples were diluted 1:100 in
casein diluent. The absorbance was recorded at 414
nm and reported as absorbance units (AU) read at 15,
30 and 60 minutes. All samples were run in triplicate;
positive and negative controls were included in each
microtitration plate.
Serum samples to serve as negative controls were

obtained from 61 children residing in Bangkok with
no history of travel outside the city. A serum sample
was considered positive for CSR antibody if the mean
absorbance (triplicate values) was greater than the
mean plus two standard deviations (0.011+0.046
AU) of the absorbance of this negative control group.

Data analysis
Where statistical comparisons of CSR antibody

levels were made, the average of each individual's
values, measured between two and six weeks prior to
onset of parasitaemia in the case, was used. Standard
statistical tests were used to compare cases and con-
trols as shown in Table 1. The IFAT titres were log
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Table 1. Comparison of various attributes between cases
and controls

Cases Controls

Total number 17 34
Mean age (years)a 9.1 9.2
Percentage with
splenomegalya 33% (N-15)b 28% (N=29)b

Mean IFAT titrea 538 (N = 16) b 280 (N = 30) b
No. with P. vivax infectiona 4 5

' Not significantly different using Fisher's exact, the x2 or Student's
t-test.

b N indicates the number used.

transformed prior to Student's t-test analysis. A one-
tailed Student's t-test was used to examine whether
the controls had higher mean CSR antibody levels
than the cases.

RESULTS

Of the 33 falciparum malaria infections occurring
in the study group of 140 subjects, only 17 fulfiled
the criteria to be selected as cases. Since all cases had

negative smears for at least 8 weeks prior to patency,
it is unlikely that low levels of parasitaemia were
misdiagnosed prior to patency. None of the 34 con-
trols developed falciparum malaria for at least 5
weeks after the onset of parasitaemia of their corre-
sponding cases. Cases and controls were comparable
as regards their age, percentage with splenomegaly,
levels of antibody to the blood stages, and vivax
malaria incidence within a period of 6 weeks prior to
P. falciparum patency in the cases (Table 1). The
mean IFAT titres against the erythrocytic stages of
the parasite were 538 and 280 for cases and controls,
respectively (P=0.23, Student's t-test).

Fig. 1 shows all the CSR antibody levels of cases
and controls obtained within 6 weeks prior to para-
sitaemias in the cases. There were two controls per
case, divided into two sets and shown on different
graphs. In general, for antibody levels below 0.057
AU, the values in both cases and controls remained
constant. For values above this level, the CSR anti-
body levels showed both increasing and decreasing
trends.
Using 0.057 AU as the threshold level for deter-

mining the presence or absence of CSR antibody, 8
(47 %) of the 17 cases and 22 (65 %) of the 34 controls
had CSR antibodies. There was no significant dif-
ference in the proportion of cases and controls with
CSR antibody (P=0.25, x2). In Fig. 1, one can see

CASES

-6 -5 -4 -3 -2 -I
WEEK OF TEST

0

CONTROL I

-6 -5 -4 -3 -2 -I
WEEK OF TEST

Fig. 1. Anti-R32tet32 antibody levels in the cases and two sets of controls prior to falciparum malaria infection. The
date of smear positivity for the cases is denoted as week 0 (for the controls, it was that for the corresponding case).
Weeks prior to infection are given as -1, -2, etc.

CONTROL 2

0 -6
WEEK OF TEST
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that the proportions of cases and controls with CSR
antibody did not change significantly regardless of
when, in the interval, the subjects were sampled.
The mean CSR antibody level of the cases, 0.096

AU (standard error of mean=0.025), was not sig-
nificantly lower than that of the controls, 0.186 AU
(standard error ofmean=0.037) (P=0.07, one-tailed
Student's t-test). For the 8 cases with CSR antibody
levels greater than 0.057 AU, the mean value was
0.177 AU with a range from 0.077 to 0.331. For the
22 controls with CSR antibody levels greater than
0.057 AU, the mean value was 0.27 AU and the range
from 0.064 to 0.860.

In the group of 10 subjects with P. vivax infections,
the mean CSR antibody level prior to infection was
0.083 AU (standard error ofmean=0.032), while the
mean value post-infection was 0.039 AU (standard
error of mean=0.01 1). There was no significant dif-
ference between antibody levels pre- and post-
P. vivax infection (paired t-test, P> 0.10).

DISCUSSION

This study compared the CSR antibody levels prior
to infection in subjects contracting falciparum mal-
aria and in uninfected controls, using a study design
that incorporates features of both longitudinal and
case-control studies. The data show no significant
difference between the mean antibody levels of the
cases and controls, suggesting the absence of a pro-
tective effect of CSR (anti-R32tet32) antibodies in
this study population.
We have recently shown that CSR antibody levels

rise and then fall rapidly in response to natural
P. falciparum infections in previously infected Thai
adults (6). Presumably, this pattern could occur fol-
lowing sporozoite inoculations which do not lead to
development of the blood stages of P. falciparum
infections. In this study, the CSR antibody levels
were shown to fluctuate in individuals who remained
aparasitaemic throughout the study period. Thus,
attempts to measure the protective role of CSR anti-
body in a natural setting require frequent antibody
determinations and malaria smears.
A few cases showed rising CSR antibody levels one

week before patent infection; this may be a response

to the sporozoite inoculation which caused the para-
sitaemia. Because of this possibility, only CSR anti-
body values for sera obtained between two and six
weeks before patency were used for statistical com-
parisons between cases and controls. In our study of
adult Thais, the CSR antibody levels rose rapidly and
peaked near the onset of patency in the majority of
cases (6). The present study in Karen children also
shows that there were a number of P. falciparum
infections with no CSR antibody rise up to one week
prior to patency. Thus, it is possible that the CSR
antibody rises that occurred up to two weeks before
patency were not caused by the same sporozoite
inoculations inducing parasitaemias.
The two findings of this study which argue against

protection by CSR antibody are the number of cases
with antibody levels and the number of controls with-
out measurable antibodies. While it is easy enough to
dismiss the controls with low levels as arising from
subjects with no sporozoite exposure during the study
period, the cases with antibody define a CSR antibody
level below which there was no protection. There-
fore, an effective sporozoite vaccine would have to
produce at least CSR antibody levels higher than that
seen in the cases in this study.

Little is known regarding inhibition or enhance-
ment of the immunological response against P. falci-
parum when preceded by P. vivax infections. Our
data show that vivax infections did not significantly
alter the CSR antibody levels. Others have also
shown that there is no cross-reactivity between the
antibodies and the surface proteins of sporozoites of
P. falciparum and P. vivax (6, 8).
We wish to stress that the above findings pertain

only to situations with similar CSR antibody levels
and malaria transmission. Our data suggest that the
levels of CSR antibody observed are insufficient to
prevent infection when malaria transmission is low.
Other studies comparing the protective effects of
higher antibody levels against more intense transmis-
sion may reach different conclusions. However, the
target population of this study was chosen as a
representative, potential recipient population of a
malaria vaccine. With the imminent development of
vaccines against the different stages ofP. falciparum,
the coming decade will offer numerous opportunities
to perform parallel field studies to evaluate the
laboratory findings.
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RESUME

INCIDENCE DES ANTICORPS CIRCUMSPOROZOITAIRES ET DU PALUDISME A FALCIPARUM
CHEZ DES ENFANTS VIVANT DANS UNE RtGION D'ENDtMIE PALUSTRE

Dans cette etude on a tire parti des caracteristiques des
protocoles destines aux etudes de cas-temions et aux etudes
longitudinales, pour analyser le role protecteur des anti-
corps antisporozoitaires dans les infestations a Plasmodium
falciparum. En recueillant frequemment des frottis sanguins
destines au diagnostic du paludisme et des echantillons de
serum, nous avons espere pouvoir mesurer la teneur en
anticorps antisporozoitaires au moment oil l'hote etait
infeste par les sporozoites. Cet anticorps a ete mis en
evidence a l'aide d'un antigene circumsporozoitaire (CS)
(R32tet32), actuellement incorpore dans un vaccin anti-
sporozoitaire experimental (FSV-1) en cours d'essais de
phase I et de phase H.
On a pris pour population d'etude une cohorte d'enfants

chez lesquels on a effectue un frottis sanguin par semaine et
recueilli des echantillons de serum deux fois par semaine.
On a pris comme cas les enfants ayant contracte un palu-
disme a falciparum et ayant fait l'objet d'au moins une
determination d'anticorps CS anti-R32tet32 deux a six
semaines avant le frottis positif. Pour diminuer le risque
d'avoir des taux d'infestation differents dans les deux
groupes en raison d'expositions differentes, les cas et les
temoins ont ete apparies selon la date a laquelle l'anticorps
a ete determine. Les temoins etaient des sujets apparies
selon l'Age, n'ayant pas contracte le paludisme, et qui
avaient fait l'objet d'au moins deux determinations d'anti-

corps deux a six semaines avant la date de patence du cas
correspondant. Au cours des six mois qu'a dure cette etude,
17 cas et 34 t6moins (deux t6moins par cas) ont e identi-
fies. Afin d'evaluer les effets du paludisme a vivax sur les
taux d'anticorps anti-falciparum, nous avons mesure les
taux d'anticorps avant et apres une infestation a P. vivax
chez dix sujets supplementaires uniquement infest6s par ce
parasite.
Les cas et les temoins etaient comparables sur le plan de

l'age, du taux de splenomegalie et du titre d'anticorps en
immunofluorescence indirecte contre les stades erythro-
cytaires asexues de P. falciparum. On n'a releve aucune
difference significative dans les titres d'anticorps anti-
sporozoitaires entre les cas et les temoins (P=0,07, test
unilateral de Student). On a observe des fluctuations du titre
d'anticorps au cours de 1'etude, qui pourraient etre dues k la
brievete de la demi-vie de I'anticorps, ou a une inoculation
de sporozoltes non suivie de parasitemie. On n'a observe
aucune modification importante des titres d'anticorps
dirig6s contre les sporozoites de P. falciparum apres
infestation par P. vivax. Sur les huit cas prdsentant des taux
d'anticorps decelables, le taux le plus eleve correspondait
a une absorbance de 0,33 unit6 d'absorbance (UA) (une
valeur superieure a 0,057 UA indique la presence d'anti-
corps). Cela signifie que ces taux d'anticorps ne protegent
pas contre une infestation ult6rieure.
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