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Abstract
Two populations of schoolchildren from Gabon and Cameroon were tested in 1995 for their immunological
reactivity to synthetic peptides (LSA-Rep, LSA-] and LSA-CTL) from Plasmodium falciparum liver stage
antigen-1 (LSA-1). The prevalence and levels of both cellular (Ilymphocyte proliferation, tumour necrosis
factor a (TNFq), interferon y IFNY), and interleukin-10 (IL-10)) and humoral (immunoglobulin G)
responses were determined. Protection from clinical malaria, determined after a prospective 1 year study in
both sites, was associated with elevated proliferative responses to LSA-Rep and LSA-CTL in the Gabonese
children, as well as with higher antlbody levels to both schizont extract and LSA-Rep. The prevalence of
peptide-stimulated TNF- ~o secretion was higher in the Cameroonian group, but higher levels of antibodies
to LSA-Rep and LSA-] were found in the Gabonese children. The immunological differences observed
between children in the 2 study sites are discussed in the context of both epidemiological and individual host

factors.
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Introduction

The search for subunit vaccmes against malaria has
included liver stage antigens in recent years, as various
immune responses are active against this stage of the
parasite’s life cycle. Infected hepatocytes may be de-
stroyed by MHC class I-restricted cytolytic CD8 T cell
responses (INARDIN & NUSSENZWEIG, 1993) as well as
by antibody-dependent cellular cytotoxicity (RENIA et
al., 1990). However, the best described response against
infected human liver cells involves the production i vitro
of cytokines, in particular interferon y (IFNYy), which

binds to surface receptors on infected hepatocytes .

(SCHOFIELD et al., 1987), and tumour necrosis factor o
(TNFq), which acts by inducing the synthesis of inter-
leukin-6 (I1.-6) (NUSSLER ez al., 1991) as well as nitric
oxide (IDOOLAN ez al., 1996). Hepatocytes infected with
Plasmodium falciparum express antigens derived from
sporozoites (HOFFMAN et al., 1989), a heat shock protein
designated Pthsp70 (RICHMAN et al., 1989), and liver
stage antigens including liver stage antigen-1 (LSA-1) of
P. falciparum, which was first characterized in 1987
(GUERIN-MARCHAND et al., 1987) and then sequenced
(ZHU & HOLLINGDALE, 1991). The potential impor-
tance of LSA-1 as a vaccine candidate has been indicated
by numerous studies. Mice immunized with a peptide
derived from P. falciparum 1.SA-1 were partially pro-
tected from P. bergher sporozoite challenge (HHOLLING-
DALE et al., 1990). L.SA-1 has been found to elicit in
humans a wide range of immune responses in vitro,
including reactivity against T and B cell epitopes (FI-
DOCK et al., 1994; CONNELLY ez al., 1997). The repeat-
less domains of the LSA4-1 gene were inserted into the
genome of the highly attenuated NYVAC vaccinia virus,
in order to generate the multiantigen, multstage NY-
VAC-P17 vaccine candidate, which was safe, well toler-
ated and able to elicit humoral immune responses when
inoculated into rhesus monkeys (TINE ez al., 1996). A
vaccine trial recently conducted among human volun-
teers proved that NYVAC-Pf7 was safe and well toler-
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ated, but variably immunogenic (OCKENHOUSE et al.,
1998). A mixture of peptides from LSA-1 induced long-
lasting immune responses when inoculated to Aotus
lemurinus monkeys (PERLAZA er al., 1998). LSA-1 is
therefore a vaccine candidate of some interest (HOL-
LINGDALE et al., 1998), and further information con-
cerning its immunogenicity as well as its influence on
clinical protection under conditions of natural transmis-
sion may be useful. In the present study, 2 cohorts of
children were enrolled in 2 endemic regions of Central
Africa in which the epidemiology of malaria is different
(DELORON et al., 1999). The cellular (lymphocyte pro-
liferation, TNFa, IFNy and IL-10 cytokine release) and
humoral (anti-peptide plasma antibodies) reactivity to 3
synthetic peptides of LSA-1 were measured in these
cohorts in order to investigate in each site the associations
between specific immune responses and susceptibility to
disease, and also to compare the immunological status in
children from both sites.

Materials and Methods
Subjects

The villages studied were Dienga in south-east Gabon
and Pouma in central Cameroon, where a clinical, bio-
logical and parasitological follow-up was being carried
out during the whole malaria transmission season of
1995 among the primary school-going population of 300
children in Dienga and 186 children in Pouma, using
similar procedures in the 2 villages (DELORON et al.,
1999). Clinical and parasitological data were used to
distinguish between protected and unprotected children.
Briefly, protected children were defined as those who
never presented, during the whole survey, with a febrile
episode (defined as axillary temperature > 37-5°C)
associated with either P. falciparum parasitaemia
> 400/pL or the presence of 4-aminoquinoline metabo-
lites in urine, and unprotected children were defined as
those who presented at least 1 malaria attack, defined as
the association of fever and parasitaemia = 5000/pL;
other children were unclassified. Based on these criteria,
76 children from the cohort in Dienga, including 38
protected and 38 unprotected children, were classified
and selected for the immunological study. Similarly, 43
children from the cohort in Pouma, including 32 pro-
tected and 11 unprotected children, were selected for the
immunological study. The same children had previously
been enrolled in a similar study aimed at determining the
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relatonships between immune responses directed
against P. falciparum asexual blood-stage antigens and
disease susceptibility, which led to the observation in
Dienga of a positive association between clinical protec-
tion and lymphocyte proliferation to peptides from
antigens MSA-1 and MSA-2 (merozoite surface antigens
1 and 2) as well as antibody levels to peptides from MSA-
2 and RAP-1 (thoptry-associated protein-1) (MIGOT-
NABIAS et al., 1999). Blood was drawn at the end of the
follow-up period, with the informed consent of the
parents. Ethical clearance for the study was given by
the ethics committees of the research instdtutions in
Gabon (CIRMF) and Cameroon (IRD/OCEAC).

Parasitological measurements

During the follow-up, thick blood films were prepared
twice a month in Dienga and Pouma (16 and 10 films,
respectively) for the detection of asymptomatic infec-
tions. After staining the films with Giemsa’s stain,
malaria parasites were counted against 1000 leucocytes,
and the mean geometric parasite density (MGPD) of the
positive slides was determined.

Antigens

Two synthetic peptides were used as antigens,
(LAKEKLQEQQSDLEQER),LAKEKLQ (residues
187-227), referred to as LSA-Rep, and ERRAKEKI -
QEQQRDLEQRKADTKK (residues 1613—1636), re-
ferred to as I.SA-J, representing B and T cell epitopes
from conserved regions of P. falciparum LSA-1, as well as
the peptide KPIVQYDNEF (residues 1786-1794), re-
ferred to as LSA-CTL, representing a conserved cyto-
toxic lymphocyte epitope from LSA-1 (FIDOCK et al.,
1994). All peptides were purchased from the Institut
Pasteur (Paris, France) and were used at a final concen-
tration of 1 pM in the cultures 2 vitro . Control antigens
were the mitogen leucoagglutinin (Sigma, St Louis,
Missouri, USA; final concentration 10 pg/ml) and the
recall antigen tuberculin purified protein derivative
(PPD, Statens Seruminstitut, Copenhagen, Denmark;
final concentration 10 pg/mL).

Lymphocyte proliferative assay (LPA)

Within 16 h after bleeding, peripheral blood mono-
nuclear cells (PBMC) were isolated on Ficoll-Paque
(Pharmacia, Uppsala, Sweden), and cell viability was
confirmed by trypan blue staining. Purified PBMC were
suspended at 109 cells/mL in buffered RPMI-1640
supplemented with gentamicin (25 pg/ml), 2mM glata-
mine and 10% pooled human AB serum, and 100 pL
aliquots were plated in triplicate in flat-bottomed 96-well
plates. Control antigens, peptides or culture medium
alone were added in 100 pL. amounts at the indicated
concentrations. Plates were. incubated at 37°C in a
humidified chamber with 5% CO,. After 6 d, 110 pL
of culture supernatants were removed and 50 plL. of fresh
medium containing 0.5 pCi of methyl-{*H]thymidine
(specific activity 2 Ci/mmol; Amersham, Les Ulis,
France) were added to each well. After an additional
16 h, cells were collected on glass fibre filter paper and
the radioactivity was determined. Stimulation indices
(SI) were calculated by dividing the geometric mean
counts/min of antigen-stimulated cultures by the geo-
metric mean counts/min of unstimulated cultures. The
threshold of positivity was set at SI > 2-0 and geometric
mean count/min > geometric mean + 2 SD of the indi-
vidual’s own background (RZEPCZYX et al., 1988).

Cytokine assays

Supernatants from each wriplicate culture were pooled
at 6 d and stored at —80°C. IFNy was assayed in the
undiluted supernatants using a two-site enzyme-linked
immunosorbent assay (ELISA) according to the manu-
facturer’s instructions (Mabtech, Stockholm, Sweden).
Similar culture plates were incubated for 72 h, and
triplicate supernatants were pooled and stored at
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—80°C for assaying TNFa and I1.-10, using a two-site
ELISA (Pharmingen, San Diego, California, USA).
Cytokine concentrations were determined by reference
to standard curves prepared with recombinant human
cytokines (Pharmingen). The thresholds of sensitivity
were 8 pg/mL for TNFa and 2 pg/ml. for IFNYy and IL-
10. For statistical purposes, values under the threshold
were assigned a concentration of half this value. Mitogen
and antigen-induced cytokine production was derived
from the difference between the cytokine content in
stimulated cultures and the spontaneous cytokine con-
tent in unstimulated cultures.

Antibody measurements '

Ant-P. falciparum plasma antibodies were measured
by ELISA using successively a schizont extract obtained
by sonication of cultures in vitro of the Palo Alto strain of
P. falciparum (7 pg/mL), 200-fold diluted plasma, and an
anti-human immunoglobulin G (IgG) (Fc specific) con-
jugated to alkaline phosphatase (Sigma). Bound enzyme
was detected with p-nitrophenylphosphate and the
absorbance read at 405 nm (Ayes). Anti-peptide anti-
bodies directed against LSA-Rep and L.SA-J, which both
contain B-cell epitopes, were assayed by ELISA. For this
purpose, peptides were used at a concentration of 2-5 pg/
mL and plasmas were diluted 100-fold. Reference posi-
tive and negative control plasmas were included in each
plate, and results were expressed in arbitrary units (AU)
calculared from the following formula: 100X [In (Ays
test plasma) — In (A;0s negative pool)]/[In (Ayes positive
pool) — In (Ayps negative pool)] (RASHEED ez al., 1995).
The thresholds for positivity were setat 21-1 AU for anti-
P. falciparum 1gG, and at 12-0 and 14-9 AU for anti-LSA-
Rep and anti-LSA-J IgG respectively, as determined
from the mean reactivites + 2 SD of >50 plasmas from
non-immune subjects.

Statistical analysis

Differences in proportions were analysed using the ¥?
test. Differences in means were tested by Student’s
unpaired ztest on linear orlog-transformed values. When
variable distribution was not normalized by log-transfor-
mation, the non-parametric Mann—Whitney U test was
employed. Statview™ 4-5 (Abacus Concept, Berkeley,
California USA) was used for these calculations. The
association between specific immune responses and
demographic characteristics (age, living area) that were
found to be significant in the univariate analysis was
investigated by logistic regression analysis using BMDP
software (University of California, Los Angeles, Califor-
nia USA). For all tests, Pvalues < 0-05 were considered
significant.

Results :

The cohort from Dienga in' Gabon:comprised 76
children (40 boys and 36 girls) with a mean age of 10-6
(SD = 2-5) years; the cohort from Pouma in Cameroon
comprised 43 children (14 boys and 29 girls), with a
mean age of 8-8 (SD = 2-4) years. As previously reported,
although the children were attending equivalent school
classes in the 2 study sites, they were significantly olderin
Dienga (P = 0-0003). Also, in Dienga, protected chil-
dren were significantly older than unprotected ones
(P = 0-0009) (MIGOT-NABIAS et al., 1999). Over the
survey period, the mean P. falciparum parasite prevalence
in Dienga was 24%, with MGPD of positive
slides = 192/ul. (95% confidence interval. [95% CI]
= 148-248). In Pouma, 35% of slides contained
P. falciparum, with a higher MGPD, 731/uL
(95% CI = 559-957) than in Dienga (P <0-0001). At
the time of venous blood collection, 34% and 32% of the
samples contained detectable P. falciparum blood stage
parasites in Dienga and Pouma, respectively.

Immunological data used for analysis concerned in-
dividuals whose PBMC proliferated in response to

leucoagglutinin and/or PPD (99%). Cellular responsive- .
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ness to control antigens and to peptides from LSA-1 is
presented in the Figure. An average of 59% and 57% of
donors from Dienga and Pouma, respectively, mounted
. a cellular response to at least 1 LSA-1 peptide, deter-
mined either by lymphoproliferation or cytokine produc-
tion. More than 25% of individuals in both sites
produced I1.-10 in response to all peptides, whilst 20%
of more of Gabonese children produced IFNy and 25%
or more of Cameroonian children produced TNFa. The
levels of lymphoproliferative responses, as well as those
of cytokines produced, were rather low and, after having
pooled data from both sites and peptides, the mean SI
‘value was 1-10 (range 0-39—3-7; 95th percentile 0-58),
and the mean amounts of cytokines produced were
0-3 pg/mL (range 0—60-5 pg/mL) for IFNy, 2-4 pg/mL
(range 0-161-7 pg/mL) for TNFa and 2-5 pg/mL (range
0-157-5 pg/mL) for IL-10. Comparison of the propor-
tions of responders in the 2 sites showed a higher
prevalence of TNFa producers in Pouma (all tests,
P <0-0004). After adjusting for age, this difference
persisted, the rate being higher in Poumna than in Dienga
(logistic regression analysis, all tests. P < 0-005, odds
ratio = 7-9 for LSA-Rep, 11-1, for LSA-J, and 18-2 for
LSA-CTL). No significant association . was observed at
the individual level, in either study site or when the data
were pooled, between peptide-stimulated T cell prolif-
eration and cytokine production or between the different
cytokines produced to any of the LSA-1 peptides (Spear-
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man rank correlation test: all tests, P = 0-09). The
presence of detectable P. falciparum blood-stage para-
sites at the time of sampling was associated with higher T
cell proliferative responses to all 3 LSA-1 peptides in
Dienga (P values 0-007—0-047), but not in Pouma. In
addition, cellular immune responses were related to
clinical protection, as shown in Table 1, but again only
in Dienga, where lymphocyte proliferative responses to
LSA-Rep and LSA-CTL were significantly higher in
protected than in unprotected children (P = 0-024 and
P =0-036, respectively). This association between high-
er responsiveness in Dienga and protection from clinical
attack was not influenced by parasitaemia at the time of
sampling, because in this site no relation was found
between the presence of parasites in blood at the time of
admission and clinical protection (P = 0-5).

Humoral responses are presented in Table 2. Similar
prevalences of antibody responses to schizont extract,
ISA-Rep and LSA-J] were observed in both sites, but
significantly higher levels of these antibodies were found
in Dienga than in Pouma, independently of age (logistic
regression analysis, all values of P = 0-05). No correla-
tion was found between antibody responses to the
peptides LSA-Rep and I.SA-J when data from all 119
subjects were pooled (Spearman rank correlation test:
p = 0-14, P = 0-12). Twenty-one per cent of those with
an antibody response to LSA-Rep were non-responders
to LSA-]J. A positive association between antibody
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Figure. Percentages of T cell responders to leucoagglutinin (La), purified protein derivative (PPD) and synthetic peptides (LSA-Rep,
LSA-J and LSA-CTL) from P. falciparum liver stage antigen-1 in 76 children from Dienga, Gabon ({) and 43 children from Pouma,
Cameroon (H). Lymphocyte proliferation (LPA) was measured by thymidine incorporation. Cytokine release was measured by ELISA
as the difference between stimulated and unistimulated culture supernatants. For thresholds of positivity, see text. * P < 0-001, %2 test.



560

F. MIGOT-NABIAS ET AL.

Table 1. Differences in mean immune responses to schizont extract and
synthetic peptides from P. falciparum liver stage antigen-1 between 38
protected and 38 unprotected children firom Dienga, Gabon

Geometric mean values® pb
Lymphoproliferative responses
LSA-Rep®
Protected 5 (1-22-1-51) 0-024
Unprotected 1(0-99-1-25)
LSA-CTL:
Protected 03 (0-91-1-15) 0-036
Unprotected 8 (0-76~1-02)
Antibody responses
Schizont extract
Protected 0 (46-5-93-8) 0:022
Unprotected 8 (39-3-79-3)
LSA-Rep©
Protected 12-7 (6-2-26+1) 0-:065
Unprotected 4-5(1-9-10-9)

*95% confidence interval in parentheses. Lymphocyte proliferation was measured by thymidine
incorporation and expressed as stimulation index (SI). IgG antibodies were determined by

ELISA and expressed as atbitrary units (AU).

bValues of P determined using the Mann~Whitney test.

“Synthetic peptide.

Table 2. Prevalence rates andlevels ofhumoral responses to schizont extract and synthetic peptides from P.
falciparum liver stage antigen-1 in 76 children from Dienga (Gabon) and 43 from Pouma (Cameroon)

Dienga Pouma
Responders Geometric Responders Geometric
(%) mean values® (%) mean values® Pb
Schizont extract 97 72:2 (67-6~77-2) 91 61-1 (54-2-68-8) 0-002
LSA-Rep 63 41-3 (34-8~49-0) 46 22-3 (18-0-27-5) 0-008
LSA-J 62 55-8 (47-0~66-3) 49 43-7 (33-6-56-7) 0-039

*Geometric mean values, including responders only, of IgG antibodies determined by ELISA and expressed as arbitrary units (AU).
bValues of P determined from all subjects by the Mann—~Whitney U test.

responses and protection from clinical malaria was found
only in Dienga (Table 1), where protected children had
higher levels of antibodies directed against the schizont
extract and LSA-Rep than did unprotected children
(P = 0-022 and P = 0-065, respectively).

stcussxon

" The results of this study document the cellular and
humoral immune responses to synthetic peptides from
the LSA-1 antigen of 2 populations of children originat-
ing from different areas endemic for malaria. The pre-
valences of proliferative response and cytokine and IgG
responses we observed are in agreement with previous
findings concerning the responses of naturally infected
individuals to the same peptides. Thus, in a study in a
hyperendemic area of Burkina Faso, 64% of the study
subjects had antibody to LSA-Rep (FERREIRA-DA-
CRUZ ez al., 1995). In an area of Madagascar where
malaria is endemic, a study using LSA-J or LSA-Rep
peptides showed a dissociation between individual anti-
body responses to any 2 peptides. In the same study,
stimulation in vitro by the same peptides showed that T
cell proliferation and secretion of IENY were detected in
PBMC of 6-20% and 22-28% of individuals, respec-~
tively (FIDOCK ez al., 1994). A recent study of Papua
New Guinean adults, however, reported much higher
frequencies of proliferative (76—82%) and IFNy (33-
88%) responses after stimulation with 3 different pep-
tides located in the N- and C-terminal non-repeat
regions of LSA-1 (CONNELLY et al., 1997). An associa-
don between LSA-1 specific IFNYy responses and resis-
tance to P. falciparum infection was suggested by these
latter authors. In a separate study in Gabon, this

association was definitely demonstrated: production of

IFNY in response to the LSA-J and I.SA-CTL peptides .

was associated with resistance to reinfection in children

with mild malaria (LUTY et al., 1999). The results of the

current study, showing a positive association between
lymphocyte proliferation to LSA-Rep and LSA-CTL
and clinical protection in Gabonese schoolchildren,

extended these findings. Parasite clearance times, in:

children with mild malaria, were associated with the

occurrence of IL-10 responses to LSA-J and LSA-CTL *
as well as with the levels of antibodies directed against -
LSA-Rep (ILUTY et al., 1998). The trend we found here, - .
towards higher- anti-L.SA-Rep antibodies in protected :

children compared to those who were unprotected,
suggests that immune responses to the antigen LSA-1,

the expression of which is thought to be restricted to the :

hepatic phase of development of P. falciparum, may be

associated not only with the control of parasitaemia but’
- also with protection against clinical malaria attacks-

(HOLLINGDALE et al., 1998; LUTY ez al., 1998). To
account for this, it has been suggested that immunolo-
gical cross-reactivity may occur between epitopes of
LSA-1 and those of asexual blood-stage antigens (LUTY
et al., 1998). In this same context, we speculate that pre-
erythrocytic immunity, by decreasing the number of P.
falciparum strains emerging from the liver, might also
limit the likelihood of blood-stage infections arising from
strains against which acquired immunity has yet to be
developed.

The prevalence of P. falciparum infections was twice as
high in the Cameroon site as in the Gabon study site,

whereas the monthly malaria attack rate was twice as high - -

in the latter (IDELORON et al., 1999). Thus, the differ-
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ences in T cell reactivity, reflected by inverse profiles of
IFNy and TNFuo secretions in Dienga and Pouma, may
be related to the higher rate of malaria attacks observed in
the former site: "Age is known to play a role in the
development of naturally acquired antimalarial immu-
nity (BAIRD, 1995). Thus, anti-L.SA-J antibodies could
be stratified by -age, as demonstrated by a study con-
ducted in a malaria endemic area in Burkina Faso, which
revealed that their prevalence was high among subjects
aged 1-20 years, (>75%), and decreased thereafter
(<30%) (FERREIRA-DA-CRUZ ¢t al., 1995). Neverthe—
less, age did not account for the dxﬁ'erences in immune
responsiveness observed in Dienga and Pouma, as these
differences persisted after having excluded the oldest
children from Dienga (those whose age exceeded the
mean age -+ 18D of children from Pouma) (data not
shown). Differences in the mtensxty or seasonallty of
malaria transmission, as,well as in the genenc d1vers1ty of
the P. falciparum strains circulating in the 2 sites, may
also account for some' of the apparent disparities in
immunological activity between them (CREASEY et al.,
1990). In fact, the degree of polymorphism of the MSP-1
and MSP-2 genes of P. falciparum was similarly high in
the 2 sites, although several alleles were observed in 1 site
but not in the other (F. Ntoumi, unpubhshed data).
Additionally, and perhaps most importantly in this con-
text, the genetic background of populations has been
shown to contribute to-differences in immunological
activity to plasmodial antigens (MODIANO et al., 1996).
We predict that the distribution of human leucocyte
antigen (HLA) alleles,” for example, probably differs
significantly between the Gabonese, principally Nzebi
ethnic group, and the Cameroonian Bassa populations
we studied here. To date, the only known association
between an HLA class 1 allele, HLA-B53, and protection
from severe malaria was reported in Gambians (HILL ez
al., 1991). This finding, however, may not be applicable
to other populadon groups because of the swriking
differences which exist in the distributions of both
HIA class 1 and class 2 among different sub-Saharan
African populations (HAMMOND et al., 1997).

The present study, by comparing the immune re-
sponses in 2 different populations sites, has confirmed
the high immunogenicity of the LSA-1 antigen and given
further encouragement to its use in malaria vaccines. The
results point to an additional necessity, in the interpreta-
ton of immunological results, to consider confounding
factors which might include differing specificities of both
the parasite and the host in different geographical areas.

Acknowledgements

We are indebted to the villagers of Dienga, and particularly to
H. Tiga and H. Lewobo, for their participation in this study. We
are especially grateful for the assistance accorded by Sous-Préfet
M. Ovono, the Chef de Regroupement and the school head-
teacher. We are indebted to J. Reltien and A. Renaut, who
participated in the establishment and management of the field
base in Dienga, to P, Tshipamba and F. Lekoulou for technical
assistance in Dienga and to J. R. Mbessi for technical assistance
in Pouma. We also thank M. Vaillant for database management.
This study was partially supported by an INSERM North—
South Network grant (#94/NS01) and by AUPELF-UREF
(LAF 302). The Centre International de Recherches Médicales
de Franceville is financially supported by the government of
Gabon, EIf Gabon and the thstere de la Coopération
Frangaise,

References

Baird, J. K. (1995). Host age as a determinant of naturally
acquired immuiiity to Plasmodium falciparum. Parasitology
Today, 11, 105-111.

Connelly,M King, C. L., Bucci, K., Walters, S., Genton, B
Alpers, M. P. Ho]lmgdale,M & Kazura, J. W. (1997) T cell
immunity to pepude epitopes of liver-stage antigen 1 in an
area of Papua New Guinea in which malaria is holoendemic.
Infection and Immunity, 65, 5082-5087.

Creasey, A., Fenton, B., Walker, A., Thaithong, S., Oliveira, S.,
Mutambu, S. & Walliker, D. (1990). Genetic diversity of

561

Plasmodium falciparum shows geographical variation. Amer-
ican Journal of Tropical Medicine and Hygiene, 42, 403-413.
Deloron, P., Ringwald, P., Luty, A. J. F.; Renaut, A., Minh, T.
N., Mbessy, J. R. & Millet, P. (1999). Relationships between
malaria prevalence and malaria-related morbidity in school
children from two villages in Central Africa. American Fournal

of Tropical Medicine and Hygiene, 61, 99-102.

Doolan, D. L., Sedegah, M., Hedstrom, R. C., Hobart, P.,
Charoenvit, Y. & Hoffiman, S. L. (1996). Circumventing
genetic restriction of protection against malaria with multi-
gene DNA immunization: CD8* T cell, interferon-y, and
nitric oxide dependent immunity. ]aumal of Experimental
Medicine, 183, 1739-1746.

Ferreira-Da-Cruz, M. F., Deslandes, D. C., Oliveira-Ferreira,
J., Montenegro-James, S., Tartar, A., Druilhe, P. & Daniel-
Ribeiro, C. T. (1995). Antibody responses to Plasmodium
Jalciparum sporozoite-, liver- and blood-stage synthetic pep-
tides in migrant and autochthonous populations in malaria
endemic areas. Parasite, 2, 23—29.

Fidock, D. A., Gras-Masse, H., Lepers, J. P., Brahimi, K.,
Benmohamed, L., Mellouk, S., Guérin-Marchand, C., Lon-
.dono, A., Raharimalala, L., Meis, J. F. G. M., Langsley, G.,
Roussithon, C., Tartar, A. &Drullhe,P (1994). Plasmodium
Jalciparum liver: stage antigen-1 is well conserved and contains
potent B and T cell determinants. Journal of Immunology, 153,
190-204.

Guérin-Marchand, C., Druilhe, P., Galey, B., Londouo, A,
Patarapotikul, J., Beaudom,R. L Dubeaux, C., Tartar, A
Mercereau-Puijalon, 0.& Langsley, G. (1987). Aliver—stage—
specific antigen of Plasmodium falciparum characterized by .
gene cloning. Nature, 329, 164—167.

Hammond, M. G., du Toit, E. D., Sanchez-Mazas, A.,
Andrien, M., Coluzzi, M., de Pablo, M. R., de Stefano,
G., Kaplan, C., Kennedy, L. J., Louie, I.. & Migot, F.
(1997). HLA in sub-Saharan Africa (12 IHWC SSAF
Report). In: Genetic Diversity of HLA: Functional and
Medical Implication, vol. 1, Charron D. (editor). Sévres,
France: EDK, pp. 345-353.

Hill, A. V., Allsopp, C. E., Kwiatkowski, D., Anstey, N. M.,
Twumasi, P., Rowe, P. A., Bennett, S., Brewster, D.,
McMichael, A. J. & Greenwood, B. M. (1991). Common
west African HILA antigens are associated with protection
from severe malaria. Nature, 352, 595-600.

Hoffinan, 8., Isenbarger, D., Long, G., Sedegah, M., Szarfman,
A., Waters, L., Hollingdale, M., van der Meide, P., Finbloom,
D. & Ballou, W. (1989). Sporozoite vaccine induces geneti-
cally restricted T cell elimination of malaria from hepatocytes.
Science, 244, 1078—-1081.

Hollingdale, M. R., Aikawa, M., Atkinson, C. T., Ballou, W. R.,
Chen, G. X., Lj, ]., Meis, J. F., Sina, B., Wright, C. & Zhu, J.
D. (1990). Non-CS preerythrocytic protective antigens.
Immunology Letters, 25, 71-76.

Hollingdale, M. R., McCormick, C. J., Heal, K. G., Taylor-
Robinson, A. W., Reeve, P., Boykins, R. & Kazura, J. W.
(1998). Biology of malarial liver stages: implications for
vaccine design. Annals of Tropical Medicine and Parasitology,
92,411-417.

Luty, A. ]J. F., Lell, B,, Schmidt-Ott, R., Lehman, L. G.,
Luckner, D., Greve, B., Matousek, P., Herbich, K., Schmid,
D., Ulbert, S., Migot-Nabias, F., Dubois, B., Deloron, P. &
Kremsner, P. G. (1998). Parasite antigen-specific interleu-
kin-10 and antibody responses predict accelerated parasite
clearance in Plasmodium falciparum malaria. European Cyto-
kine Network, 9, 639-646.

Luty, A. J. F., Lell B., Schmide-Ott, R., Lehman, L. G.,
Luckner, D., Greve, B., Matousek, P., Herbxch K, Schrmd
D, Migot—Nabias, F., Deloron, P., Nussenzweig, R. S. &
Kremsner, P. G. (1999). Interferon-y responses are asso-
ciated with resistance to reinfection with Plasmodium falcipar-
um in young African children. Journal of Infectious Diseases,
179, 980-988.

Migot-Nabias, F., Luty, A. J. F., Ringwald, P., Vaillant, M.,
Dubofs, B., Renaut, A., Mayombeo, J., Minh, T. N., Fievet,
N., Mbessi; J. R., Millet, P. & Deloron, P. (1999). Immune
responses against Plasmodium falciparum asexual blood-stage
antigens and disease susceptibility in Gabonese and Camer-
oonian children. American Journal of Tropical Medicine and
Hygiene, 61, 488~494.

Modiano, D., Petrarca, V., Sirima, B. S., Nebié, I., Diallo, D.,
Esposito, F. & Coluzzi, M. (1996). Different response to

- Plasmodium falciparum malaria in west African sympatric
ethnic groups. Proceedings of the National Academy of Sciences
of the US4, 93, 13206-13211.

Nardin, E. H. & Nussenzweig, R. S. (1993). T cell responses to
pre-erythrocytic stages of malaria: role in protection and



562

vaccine development against pre-erythrocytic stages. Annual
Review of Immunology, 11, 687~727.

Nussler, A., Pied, S. Goma,]' Renia, L., Miltgen, F., Grau, G.
& Mazier, D. (1991). TNF inhibits malaria hepatic stages in
vitro ;ia synthesis of IL-6. International Immunology, 3,
317-321.

Ockenhouse, C.F., Sun, P.-F., Lanar, D. E., Wellde, B. T., Ted
Hall, B., Kester, K., Stoute, J. A., Magill, A., Krzych, U.,
Farley, L., Wirtz, R. A., Sadoff, ]. C., Kaslow, D. C., Kumar,
S., Preston Church, L. W., Crutcher, J. M., Wizel, B.,
Hoffinan, S., Lalvani, A., Hill, A. V. S., Tine, J. A., Guito,
K. P., de Taisne, C., Anders, R., Horii, T., Paoletd, E. &
Ballou, W. R. (1998). Phase I/I1a safety, immunogenicity, and
efficacy trial of NYVAC-Pf7, a pox-vectored, multiantigen,
multistage vaccine candidate for Plasmodium falciparum ma-
laria. Journal of Infectious Diseases, 177, 1664—1673.

Perlaza, B. L., Arévalo-Herrera, M., Brahimi, K., Quintero, G.,
Palomino, J. C., Gras-Masse, H., Tartar, A., Druilhe, P. &
Herrera, S. (1998). Immunogenicity of four Plasmodium
falciparum preerythrocytic antigens in Aotus lemurinus mon-
keys. Infection and Immunity, 66, 3423—3428.

Rasheed, F. N., Bulmer, J. N., De Francisco, A., Jawla, M. F. B.,
Jakobsen, P. H., Jepson, A. & Greenwood, B. M. (1995).
Relationships between maternal malaria and malarial im-
mune responses in mothers and neonates. Parasite Immunol-
ogy, 17, 1-10.

Renia, L., Mattei, D., Goma, J., Pied, S., Cubois, P., Miltgen,
F., Nussler, A., Matile, H., Menegaux, F., Gendlini, M. &
Mazier, D. (1990). A malaria heat-shock-like determinant
expressed on the infected hepatocyte surface is the target of
antibody dependent cell mediated cytotoxic mechanisms by

F. MIGOT-NABIAS ET AL.

non parenchymal liver cells. European Journal of Immunology,
20, 14451449,

Richman, S., Vedick, T. & Reese, R. (1989). Peptide mapping of
conformational epitopes in a human malarial parasite heat
shock protein. Journal of Immunology, 143, 285-292.

Rzepczyk, C. M., Ramasamy, R., Ho, P. C.-L., Mutch, D. A.,
Anderson, K. L., Duggelby, R. G., Doran, T. J., Murray, B. J.,
Irving, D. O., Woodrow, G. C., Parkinson, D., Brabin, B. J. &
Alpers, M. P. (1988). Identification of T epitopes within a
potential Plasmodium falciparum vaccine antigen: a study of
human lymphocyte responses to repeat and non-repeat
regions of Pfl155/RESA. fFournal of Immunology, 141,
3197-3202.

Schofield, L., Ferreira, A., Altszuler, R., Nussenzweig, V. &
Nussenzweig, R. (1987). Interferon-gamma inhibits the in-
trahepatocydc development of malaria parasites in virro.
Fournal of Immunology, 139, 2020~2025.

Tine, J. A., Lanar, D. E., Smith, D: M., Wellde, B. T.,
Schultheiss, P., Ware, L.. A., Kauffman, E. B., Wirtz, R. A.,
de Taisne, C., Hui, G. S. N., Chang, S. P., Church, P.,
Hollingdale, M. R., Kaslow, D. C., Hoffman, S., Guito, K. P.,
Ballou, W. R., Sadoff, J. C. & Paolerd, E. (1996). NYVAC-
Pf7: a poxvirus-vectored, multiantigen, multistage vaccine
candidate for Plasmodium falciparum malaria. Infection and
Immunity, 64, 3833-3844,

Zhu, J. & Hollingdale, M. R. (1991). Structure of Plasmodium
falciparum liver stage antigen-1. Molecular and Biochemical
Parasitology, 48, 223-226.

Reverved 24 September 1999; revised 4 Fanuary 2000;
accepred for publicarion 24 February 2000

Announcement

Manson’s Tropical Diseases, 20th edition
Lecture Notes on Tropical Medicine, 4th edition.
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Low Priced Publications from Trdpical Health Technology

Students and medical workers from developing countries can purchase medical books and laboratory learning
aids from Tropical Health Technology at reduced prices, including:

Color Atlas of Tropical Medicine and Parasitology, 4th edition

District Laboratory, Practice in Tropical Countries, part 1 (454 pp.) by Momca Cheesbrough is an up-to-date
.| practical bench manual, illustrated in colour and black and white. Itincludes a parasn'ology section and also chapters

~ on the staffing, quality management and health and safety of district laboratories, equipment and ordering, clinical
- chemistry investigations, and the preparation of a training curriculum for district laboratory personnel..

Also available are other up-to-date textbooks covering tropical paediatrics, epidemiology, cardiology, nursing,
midwifery, laboratory sciences, and solar energy. Training materials include lammated colour photomicrographs
with text covering the mlcroscoplcal diagnosis of tropical disease.

A publications list with prices (inclusive of postage) and order form can.be obtamed from Troplcal Health
Technology, 14 Bevills Close, Doddington, March PE15 0TT, UK; phone +44 (0).1354 740 825, fax +44 (0)1354
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