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Availability of synthetic and recombinant peptides reproducing the repetitive regions of the circum-
sporozoite (CS) proteins ofPlasmodium falciparum and P. vivax has allowed the development ofassays for
the detection of specific antibodies and of potential subunit vaccines. Knowledge of the immune responses
to malaria sporozoites is a prerequisite for the optimal design of a sporozoite antigen-based vaccine.
Studies carried out in areas with stable P. falciparum malaria (United Republic of Tanzania) have shown that
antibodies against the synthetic peptide (NANP)o, increase as a function of age. Cluster analysis revealed
marked inter-household variation of the anti-sporozoite antibody response, despite comparable risks of
exposure to infectious bites.

An age-related prevalence of anti-P. vivax sporozoite antibodies has been observed in an area of Sri
Lanka with unstable malaria, using a 45-mer synthetic peptide reproducing a defined sequential array of the
two main 9-mer variants of the P. vivax CS protein. In this area, anti-(NANP)40 antibodies became detectable
after the first epidemic of P. falciparum malaria. Interestingly, their prevalence also increased with age.
Since this population had notbeen exposed to P. falciparum malaria foratleast 10years previously, one can
suggest that anti-sporozoite antibodies reflect the relative exposure to infectious bites in the different age
groups, and, in turn, the transmission of the disease. This can be particularly useful in areas where
entomological indices of transmission tend to be unreliable because of the low vectorial capacity and wide
fluctuations in vector densities.

Introduction
The repetitive motif of the Plasmodiumfalciparum CS
protein, Asn-Ala-Asn-Pro (NANP, one-letter code),
appears to be well conserved in isolates from different
geographical regions (1). Previous work carried out
by Zavala et al. (2) has shown that monoclonal anti-
bodies raised against sporozoites recognize the repet-
itive sequence of the CS protein, in a species-specific
manner, and that they inhibit the sporozoite penetra-
tion into hepatoma cells in vitro (3). This and other
evidence strongly suggested that the repetitive region
of the P. falciparum represented the basis for the
development of a vaccine against falciparum malaria,
with the (NANP) sequence obtained by either
synthetic or recombinant DNA means.
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The structure of the repetitive region of the
P. vivax CS protein appears to be more complex, with
the 9-mer DRADGQPAG repeat differently arrayed
compared with the DRAAGQPAG repeat in the
isolates whose CS protein has been sequenced (4, 5).
Information so far available suggests that experi-
mentally and naturally induced anti-P. vivax sporo-
zoite antibodies can differentiate between different
arrays of the two repeats (6).

Until recently, studies on the anti-sporozoite
immunity in humans were limited by the fact that the
only methodology existing for the detection of anti-
sporozoite antibodies was the immunofluorescence
assay (IFA) using glutaraldehyde-fixed or intact living
sporozoites (7). This technique required a constant
supply of sporozoites, which in turn needed the breed-
ing of infected mosquitos, available only in a few
laboratories. This limitation was reflected by the
few studies that appeared until 1986 on the develop-
ment of antibody responses to sporozoites, mainly
of P. falciparum (7-9).

The recent availability of synthetic and recom-
binant peptides reproducing the repetitive domain of
the P. falciparum CS protein, (NANP)0, has allowed
the development of simple enzyme-linked immuno-
sorbent assays (ELISA) (10-16) or immuno-
radiometric assays (IRMA) (17-19), thus favouring

Bulletin of the World Heoath Organization, U (Suppl.): 191-196 (1990) 191



G. Del Gludie et al.

extensive and comprehensive investigations on the
antibody response to P. falciparum sporozoites in
populations naturally exposed to the risk of malaria
infections. Furthermore, (NANP)0-based assays will
be particularly useful for the screening of the efficacy
of present and future sporozoite subunit vaccines
based on the use of (NANP). constructs (20-22).

The rationale for the use of repetitive peptides in
the analysis of the antibody response to malaria
sporozoites is essentially based upon two main obser-
vations: (i) the CS protein is the sole antigen so far
characterized on malaria sporozoites; (ii) the vast
majority of experimentally and naturally induced anti-
sporozoite antibodies seem to recognize the repetitive
region. It has been reported that experimental animals
immunized with P. knowlesi sporozoites (23, 24) and
humans living in malaria endemic areas (25) also
produce antibodies against nonrepetitive sequences of
the CS protein. However, no information is available
yet on the role (if any) of antibodies directed against
nonrepetitive CS epitopes. Even more limited is the
information on non-CS sporozoite antigens.

In the present paper we review and discuss data
obtained on the development of anti-sporozoite anti-
bodies among individuals living in areas of stable
(United Republic of Tanzania) and unstable malaria
(Sri Lanka), using synthetic peptides consisting of
40 (NANP) repeats of the P. falciparum CS protein,
referred to as (NANP)40, or consisting of a defined
sequential array of the two main 9-mer variants of the
P. vivax CS protein, referred to as DDAAD.

Findings

Anti-P. faiciparum sporozoit. antibodies In
areas with stable malaria (Tanzania)
A longitudinal study for the presence of anti-P. falci-
parum sporozoite antibodies was carried out in
Kikwawila village, Morogoro Region, Tanzania,
using the ELISA employing the synthetic peptide
(NANP)40 (13). In this area, malaria is hyperendemic,
P. falciparum accounting for more than 90% of the
cases. At the beginning of the study in 1982, 67% of
the children between 2 and 9 years old had spleen
enlargement and only 17% were malaria parasite-free
(26). Children and adults underwent comprehgnsive
clinical, parasitological, anthropometric and sero-
logical examinations once a year, each October. A
cohort of 132 children, from 1 month to 15 years old,
representative of the whole village population, were
followed for 3 consecutive years (from 1982 to 1984).
Moreover, entomological data were collected during
the main transmission seasons (December 1983 to
August 1984), which led to the identification of the
most important vectors for malaria in this community

(Anopheles gambiae sensu stricto and A.funestus), and
to the definition of the seasonality of the entomo-
logical inoculation rate (EIR), which reached nearly 3
infectious bites/man/night in June, just after the rainy
season (27)! During the transmission season the mean
EIR was 0.63 + 0.85 infectious bites/man/night for
A. gambiae and 0.15 + 0.16 for A.funestus.

As expected from previous studies carried out
using IFA techniques (7-9), the prevalence of antibod-
ies reacting with the (NANP)40 peptide increased as a
function of age, reaching values higher than 70% in
11-15-year-old adolescents in 1983 and 1984 (13). It is
interesting to note that 100% of > 40-year-old adults
from Kikwawila had antibodies against P.falciparum
sporozoites (27). Furthermore, in the cohort study, the
antibody levels increased both in each age group
during the 3-year study and from one age group to the
next (13). When children were analysed for the pres-
ence of anti-(NANP)40 peptide antibodies during the
overall longitudinal study, it was observed that in
children below 2 years old these antibodies were
constantly absent or their presence fluctuated, ap-
pearing late in the follow-up, when they became older.
The constantly positive pattern of anti-(NANP)40
antibodies increased with age. It was interesting to
note that in all age groups a stable frequency was
observed (20-30%) of children who did not show a
positive antibody response to P. falciparum sporo-
zoites at any stage (13, 27).

The presence of anti4NANP)40 antibodies in
these children did not show any correlation with the
presence and the titres of anti-P. falciparum blood-
stage antibodies, as determined by IFA. In fact, all
children tested had anti-P.falciparum asexual blood-
stage antibodies at comparable levels, irrespective of
age or the presence of anti-sporozoite antibodies (13).
A similar lack of this correlation was recently re-
ported by us in a cross-sectional study carried out in a
mesoendemic area in Gabon, using defined asexual
blood-stage antigens. Indeed, the presence of anti-
(NANP)40 antibodies did not correlate with the pres-
ence of antibodies to RESA, nor with the presence
of antibodies to a fusion protein representing the
N-terminus of the P. falciparum 195 kD antigen (15).

Two households representative of the Kikwawila
village were selected and compared on the basis that
the complete entomological survey had been conduc-
ted, all children living there had been tested for all the
serological parameters, the houses had the same type
of construction, and no mosquito nets were used.
These households had comparable indoor-mosquito
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resting densities; children had similar spleen enlarge-
ments and all of them were positive for antibodies to
P. falciparum blood forms, at similar titres in all the
survey years (1982-84). However, only one child out
of4 in the first household was positive once during the
follow-up, whereas 4 out of 5 children in the other
household had antibodies to P.falciparum sporozoites
(13). Similar results from these two households were
also obtained in 1985 (Del Giudice, de Savigny, and
Tanner, unpublished data), and in comparisons of
data sets from other households of this village. These
data appeared to suggest that factors other than
exposure could also account for the ability of some
individuals to mount an antibody response to the
repetitive domain of the P. falciparum CS protein.
This preliminary indication of possible between-
household variation led to an in-depth analysis to
investigate whether anti-(NANP)40 antibodies were
clustered in the 61 households studied. The method of
Smith & Pike (28), which permits control of any likely
confounding variable (age in this study), was applied.
Table 1 shows the observed and calculated expected
number of households with no, one, two, three or
more than three cases of positivity for anti-(NANP)40
and anti-blood-stage responses. It can be observed
that the null hypothesis (the chance of observing cases
is the same for all households) could be rejected for
anti4NANP)40 antibodies in 1982 (observed = 21,
expected = 16.4, z = 2.013, P <0.05) and in 1984

(observed = 18, expected = 13.2, z = 2.103, P < 0.05).
Interestingly, the anti-P. falciparum blood-stage anti-
body response did not show any disagreement with
regard to the number of households with no cases.
Similar inter-household clustering of the antibody
response to P. falciparum sporozoites has also
been reported in a recent study carried out in the
Gambia (18).

In an attempt to evaluate the possible role played
by anti-sporozoite antibodies in the protection
against P. falciparum malaria, the presence of anti-
(NANP)40 antibodies was compared with two clas-
sical signs of malaria infection and morbidity, parasite
rate and spleen enlargement (Hackett's stages). A
statistically significant negative correlation was found
in both cases in 1982 and 1983, but no longer in 1984.
These data and the results of various field studies
reveal that the contribution of anti-sporozoite anti-
bodies in the development of the acquired immunity
to malaria is not yet fully understood. Hoffman et al.
(11) reported from Kenya that the presence of these
antibodies did not prevent the appearance of parasites
in the blood in individuals previously treated with
chemotherapy. On the other hand, more recent data
show that individuals with anti-(NANP). antibodies
tend to have less malaria attacks than individuals
without these antibodies (18). It would then appear
that antibodies to sporozoites may provide a certain
degree of protection, not through a sterile immunity,

Table 1: Household clustering of the anti-(NANP)40 and antiblood-stage antibody response among a cohort of 133
children living In 61 households of Klkwawlia village, Tanzania. Expected (Exp) and observed (Obs) number of
households by number of children found seropositive In 1982, 1983, and 1984

1982 1983 1984

No. of cases per household Exp Obs Exp Obs Exp Obs

Anti-(NANP)40
0 16.39 21 12.20 13 13.18 18
1 28.20 21 28.23 28 28.02 23
2 11.20 14 12.68 13 12.59 12
3 3.85 3 5.32 3 4.92 5

>3 1.36 2 2.57 4 2.29 3

Test statistic z: 2.013 0.356 2.103
p <0.05 NS" < 0.05

Anti-blood stage
0 6.70 6 1.24 1 10.55 12
1 27.44 27 17.02 28 26.59 25
2 14.80 15 7.96 16 12.62 14
3 7.13 9 1.04 6 5.23 3

>3 4.93 4 33.74 10 3.01 4

Test statistic z: 0.363 0.251 0.670
PI NS NS NS

a NS: not significant.

WHO Bulletin OMS: Supplement Vol. 68 1990 193



G. Del Gludice et al.

but by reducing the malaria-induced morbidity (and
maybe mortality). In any case the contribution of anti-
sporozoite antibodies to immunity against reinfection
is built up slowly, despite frequent and continuous
exposure to infective mosquito bites, and appears late,
after children have experienced most of their attacks.
Whether or not a concomitant development of T-cell
immunity specific for defined non-repetitive epitope(s)
of the P. falciparum CS protein is also required for a
complete protection (29) still remains to be defined,
and represents a key element for the development of
an effective sporozoite subunit vaccine.

Anti-P. falclparum and P. vivax sporozoito
antibodles In areas with unstable malaris
(Sri Lanka)
In many respects the pattern of malaria transmission
in Sri Lanka is very different from that studied in
Tanzania. First, malaria in the dry zone of Sri Lanka
is "unstable", its transmission fluctuating consider-
ably from year to year as well as seasonally and being
sustained by a very low vectorial capacity as com-
pared to areas of stable malaria. Consequently, clini-
cal immunity to the disease is rarely seen even in
adults, and parasitaemia is usually associated with
acute clinical symptoms. Secondly, the most prevalent
malaria parasite is P. vivax, which generally accounts
for more than 95% of infections, except during occa-
sional and severe epidemics of P. falciparum which
occur in the country once in 7 to 10 years. At the time
sera were obtained for this sero-epidemiological study
on the presence of anti-P.falciparum and anti-P. vivax
sporozoite antibodies in 1986/87, such a P.falciparum
epidemic had just begun in the study area,
Kataragama, a region located in southern Sri Lanka.
Consequently, in the years 1986/87 the annual mal-
aria' incidence rate in this area was 23.1%, with
P. vivax and P. falciparum accounting for an equal
number of cases.

Thus, residents of the villages in Kataragama had
been exposed to endemic P. vivax transmission, but
had not experienced P.falciparum malaria for the past
10 years at least (Administration Reports of the
National Anti-Malaria Campaign, 1975-85). This epi-
demiological situation gave us the opportunity to
investigate the appearance of anti-P. falciparum CS
antibodies in an immunologically naive population.
Moreover, in areas like Kataragama the compara-
tively low man-biting rates and sporozoite rates ren-
der the entomological parameters of transmission a
much less useful tool for the assessment of the degree
of transmission than in areas of stable malaria. In this
respect, one objective ofour study was to investigate if
the anti-sporozoite antibody prevalences might pro-
vide a more useful indicator for analysing the expos-

ure of a population to infectious bites, and to assess
the degree of malaria transmission in that area.

Randomly selected serum samples were taken
two months before and two months after the first peak
of transmission of P.falciparum malaria. Only a small
proportion of sera (1.7%, 3 out of 171) collected
before the peak of transmission of falciparum malaria
had detectable levels of anti-(NANP)40 antibodies. In
contrast, of the 130 sera collected after the peak of
transmission 18.5% were positive for these antibodies.
In the latter instance (i.e., the samples collected after
the peak of P.falciparum transmission) the prevalence
of these antibodies among the population studied
increased as a function of age. These data suggest that
in immunologically naive populations anti-(NANP)40
antibodies have a relation to transmission. Secondly,
since the Kataragama population had not been pre-
viously exposed to falciparum malaria to any signific-
ant extent, the age-related anti4NANP)40 antibody
prevalences in this community, after the peak of trans-
mission, is unlikely to be due to an age-acquired
cumulative immunity to P. falciparum sporozoites; it
must then only be a reflection of the relative exposure
rates of the different age groups to malaria. We
therefore interpret the increase of antibody preval-
ences with age as being due to the different degrees
to which the different age groups were exposed to
infectious bites.

We then analysed the antibody response in the
Kataragama population to sporozoites of P. vivax, a
parasite to which this population had a life-long
exposure. To this end, we used a 45-mer synthetic
peptide (referred to as DDAAD) consisting of a
sequential array of 2 DRADGQPAG, 2 DRAAG-
QPAG, and one DRADGQPAG repeat variant, and
reproducing the four possible variant duplets present
in the repetitive domain of the P. vivax CS protein (6).

In a preliminary study, randomly selected sera
were collected two months before and two months
after the peak of malaria transmission, and tested
for the presence of anti-DDAAD peptide antibodies.
These antibodies were detectable in 20% and 21% of
the sera collected before and after the transmission
peak, respectively. Furthermore, an age-dependent
increase of the anti-DDAAD antibody prevalence
among the population was observed. In fact, about
7% of children under 5 years were positive for these
antibodies; whereas in adults over 50 years old, 28%
and 41% had these antibodies before and after the
peak of transmission, respectively (32).

Subsequently, serum samples from a cohort
of individuals from Kataragama, obtained at 4 con-
secutive surveys performed before and after two con-
secutive transmission seasons, were analysed for the
presence of anti-P. vivax sporozoite antibodies. Here
too, an age-dependent pattern of antibody preval-
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ences was observed for each survey, with peaks of
prevalence ranging between 20% and 30% in the
group aged 26-50 years. Interestingly, the prevalence
rates of antibodies always decreased in the older
age group (> 50 years). A significant finding was that
the age-prevalence curve of anti4NANP)40 anti-
bodies in the post-transmission sera, which as we pre-
viously reasoned, reflected the relative exposure rates
of the different age groups rather than an age-
acquired cumulative immune response, was strictly
superimposable on the age-prevalence curve of the
anti-P. vivax sporozoite antibodies. The fact that,
even though this population had been exposed to
endemic P. vivax transmission throughout, the P.
vivax sporozoite antibody response curve did not
differ with respect to the relative differences between
age groups from the corresponding curve of anti-
(NANP)40 antibodies must indicate that, at least in
areas with unstable malaria, the age-related appear-
ance of antibodies to malaria sporozoites does not
necessarily reflect an age-acquired immunity, which
would in turn imply a long-lasting sporozoite-specific
immunity boosted by subsequent sporozoite inocul-
ations. Instead, it may just reflect the different extents
to which each age group is exposed to infective bites.
The absence of evidence for an age-acquired immun-
ity to sporozoites implies that the memory for boos-
ting of this immune response is short, as has been
shown to be the case with naturally acquired immun-
ity to sexual stages of P. vivax (30). This hypothesis is
in agreement with the observations reported by Web-
ster et al. (14) that anti-P. falciparum sporozoite anti-
bodies are short-lasting and rapidly lost after a mal-
aria attack.

Conclusions
The availability of synthetic and recombinant pep-
tides reproducing the repetitive domain of malaria CS
proteins has greatly helped in the understanding of
the antibody response to sporozoites in humans. Our
studies strongly suggest that anti-sporozoite antibod-
ies can be a useful indicator of the trends of sporozoite
inoculation in a given region, and it may be a parti-
cularly useful indicator in areas of unstable malaria,
where entomological parameters tend to be unreli-
able. An age-related increase of anti-sporozoite anti-
body prevalences does not necessarily indicate a
cumulative immune response boosted by repeated
inoculations, but may simply reflect differences in the
exposure to infectious bites. This in fact was found to
be the case in a population exposed to endemic
P. vivax malaria in Sri Lanka. The immune response
to sporozoites in natural infections appears to be
short-lived and to have a short memory for boosting.
Furthermore, evidence from field and laboratory

studies suggests that factors other than exposure
could also intervene in the induction of anti-sporo-
zoite antibodies. This knowledge is a prerequisite
for the baseline information on the immune status
of individuals in different epidemiological condi-
tions that will be involved in future vaccination
trials (phases 3 and 4) using subunit sporozoite
vaccines (31).

Acknowledgements
Work described in this paper was supported by the
UNDP/World Bank/WHO Special Programme for Research
and Training in Tropical Diseases, by the Lord Michelham
of Hellingly Foundation, by the Swiss National Foundation
(grants no. 3.826.0.86 and no. 83.409.086), by the ENI, Italy,
and the Swiss Development Co-operation. The Tanzania
Research Clearance was granted by the Tanzania
National Scientific Research Council.

References
1. de Ia Cruz, V.F. et al. Sequence variation in the

functional domains of the circumsporozoite protein of
Plasmodium falciparum. Implications for vaccine de-
velopment. J. biol. chem., 262: 11935-11939 (1987).

2. Zavalm, F. et al. Circumsporozoite proteins of malaria
parasites contain a single immunodominant region
with two or more identical epitopes. J. exp. med., 157:
1947-1957 (1983).

3. Holllngdale, M.R. et al. Inhibition of entry of Plasmo-
dium falciparum and P. vivaxsporozoites into cultured
cells: an in vitro assay of protective antibodies.
J. immunol., 132: 909-913 (1984).

4. de In Cruz, V.F. et al. Evolution of the immunodomin-
ant domain of the circumsporozoite protein gene from
Plasmodium vivax. J biol. chem., 262: 6464-6487
(1987).

5. Arnot, D.E. et al. Does biased gene conversion influ-
ence polymorphism in the circumsporozoite protein-
encoding gene of Plasmodium vivax? Proc. Natl Acad.
Sci., USA, 85: 8102-8106 (1988).

6. Remoro, P. et al. Antigenic analysis of the repeat
domain of the circumsporozoite protein of Plasmo-
dium vivax. J. immunol., 139: 1679-1682 (1987).

7. Nardin, E.H. et al. Antibodies to sporozoites: their
frequent occurrence in individuals living in an area of
hyperendemic malaria. Science, 206: 597-599 (1979).

8. Tapchalsrl, P. et al. Anti-sporozoite antibodies in-
duced by natural infection. Am. j. trop. med. hyg., 32:
1203-1208 (1983).

9. Drullho, P. et al. Levels of antibodies to Plasmodium
falciparum sporozoite surface antigens reflect mal-
aria transmission rates and are persistent in the
absence of reinfection. Infect. immun., 53: 393-397
(1986).

10. Hoffman, S.L. et ml. Immunity to malaria and naturally
acquired antibodies to the circumsporozoite protein of
Plasmodium falciparum. New Engl. j. med., 315:
601-606 (1986).

WHO Bulletin OMS: Supplement Vol. 68 1990 195



G. Del Gludle et al.

11. Hoffman, S.L. ot al. Naturally acquired antibodies to
sporozoites do not prevent malaria: vaccine develop-
ment implications. Science, 237: 639-642 (1987).

12. Del Gludkco, G. et al. Detection of human antibodies
against Plasmodium falciparum sporozoites using
synthetic peptides. J. clin. microbiol., 25: 91-96 (1987).

13. Del Gludbe, G. et al. Antibodies to the repetitive
epitope of Plasmodium falciparum circumsporozoite
protein in a rural Tanzanian community: a longitudinal
study of 132 children. Am. j. trop. med. hyg., 36:
20S-212 (1987).

14. Weotr, H.K. ot al. Development of immunity in
natural Plasmodium falciparum malaria: antibodies to
the falciparum sporozoite vaccine 1 antigen
(R32tet32). J. clin. microbiol., 25: 1002-1008 (1987).

15. ChizzolInI, C. et al. Natural antibodies against three
distinct and defined antigens of Plasmodium falci-
parum in residents of a mesoendemic area in Gabon.
Am. j. trop. med. hyg., 39: 150-156 (1988).

16. Campbell, G.H. ot al. Detection of antibodies in human
sera to the repeating epitope of the circumsporozoite
protein of Plasmodium falciparum using the synthetic
peptide (NANP)3 in an enzyme-linked immunosorbent
assay (ELISA). Am. j. trop. med. hyg., 37: 17-21 (1987).

17. Zavala, F. et al. Synthetic peptides for the detection of
humoral immunity to Plasmodium falciparum sporo-
zoites. J. immunol. methods, 93: 55-61 (1986).

18. Marsh, K. et al. Anti-sporozoite antibodies and
immunity to malaria in a rural Gambian population.
Trans. Roy. Soc. Trop. Med. Hyg., 62: 532-537 (1988).

19. Esposito, F. ot al. Prevalence and levels of antibodies
to the circumsporozoite protein of Plasmodium falci-
parum in an endemic area and their relationship to
resistance against malaria infection. Trans. Roy. Soc.
Trop. Med. Hyg., 82: 827-832 (1988).

20. Ballou, W.R. et al. Safety and efficacy of a recombin-
ant DNA Plasmodium falciparum sporozoite vaccine.
Lancet, 1: 1277-1281 (1987).

21. Herrlngton, D.A. et al. Safety and immunogenicity in
man of a synthetic peptide malaria vaccine against

Plasmodium falciparum sporozoites. Nature, 328:
257-259 (1987).

22. Etdlnger, H.M. et al. Assessment in humans of a syn-
thetic peptide-based vaccine against the sporozoite
stage of the human malaria parasite, Plasmodium
falciparum. J. immunol., 140: 626-633 (1988).

23. Vergara, U. et al. Multiple non-repeated epitopes on
the circumsporozoite protein of P. knowlesi. Mol. bio-
chem. parasitol., 14: 283-292 (1985).

24. Sharma, S. et al. lmmunogenicity of the repetitive and
nonrepetitive peptide regions of the divergent CS
protein of Plasmodium knowlesi. J. immunol., 137:
357-361 (1986).

25. Del Gludkce, G. ot al. Immunogenicity of a non-repet-
itive sequence of P. falciparum circumsporozoite pro-
tein in man and mice. Immunology, 63:187-191 (1988).

26. Tanner, M. et al. Longitudinal study on the health
status of children in Kikwawila village, Tanzania:
study area and design. Acta tropica, 44: 119-136
(1987).

27. Tanner, M. et al. Malaria transmission and develop-
ment of anti-sporozoite antibodies in a rural African
community. Mem. Inst. Oswaldo Cruz, 81 (Suppl. Il):
199-205 (1986).

28. Smith, P.G. & Pike, M.C. Generalisations of two tests
for the detection of household aggregation of disease.
Biometrics, 32: 817-828 (1976).

29. Hoeknfn, S.L. et al. Human lymphocyte proliferative
response to a sporozoite T-cell epitope correlates
with resistance to falciparum malaria. J. immunol.,
142: 1299-1303 (1989).

30. Ranawska, M.B.R. et ml. Boosting of transmission
blocking immunity during natural P. vivax infections in
man depends upon frequent re-infection. Infect. im-
mun., 56: 1820-1824 (1988).

31. Catianl, J.A. Malaria vaccines: results of human trials
and directions of current research. Exp. parasitol., 68:
242-247 (1989).

32. Pesel, A. et al. Use of synthetic peptides in the study of
the antibody response to Plasmodium vivax sporo-
zoites. Am. j. trop. med. hyg., 42: 17-23 (1990).

WHO Bulletin OMS: Supplement Vol. 68 1990


