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Much of the recent work on func
tional plasmodial antigens is based 
on the results of earlier investiga
tions using intact, frequently at
tenuated parasites as immunogen. 
These studies had shown that im
mu nisa tion wi th the ex tracellular 
"free" developmen tal stages of Plas
modia, namely, gametes,l mero
zoites2

,3 and sporozoites4 resulted 
in the most effective protection. 

The potential danger involved in 
vaccination with such intact para
site preparations, particularly the 
fear of undesirable side effects has, 
among -other reasons, led to the 
search for alternative approaches, 
i.e. , identification of the protective 
plasmodial antigens. 

The use of hybridoma methodo
logys has been one of the main 
factors responsible for recent signi
ficant progress towards achieving 

t, 	 this goal. The protective activity of 
a number of these antiplasmodial 
antibodies has been verified 
through the use of in vitro assays 
and the suppressive effects of pas
sive transfer of these antibodies on 
malaria infection. In several in
stances, the identification of the 
corresponding plasmodial antigens 
has been followed by their purifi
cation and the assessment of their 
immunogenicity. 

Researchers in several la bora to
ries are presently combining the 
use of monoclonal antibodies with 

the cloning of the genes coding for 
the protective antigens. This 
should lead to mass production of 
these antigens, a requirement for 
the development and application of 
a malaria vaccine. 

The development 0 f synthetic 
peptide vaccines, an approach 
which, under experimental condi
tions, is being evaluated for its po
tential to prevent a number of viral 
infections,6 might p rove a viable 
alternative, and possibly a less cost
ly future solution. For its applica
bility to malaria, however, this ap
proach will require data on the 
amino acid composition of the pro
tective epitopes of the malaria an
tigens. Initial results obtained by 
immunisation of animals with a 
synthetic dodecapeptide which 
contains the immu no-dominant epi
tope of the surface antigen of spo
rozoites of P. knowlesi, a simian 
malaria parasite, are described later 
in this manuscript. 

In this report our discussion will 
focus only on advances in the de
velopment of a vaccine based on 
the use of sporozoites. If success
ful, such a vaccine could interrupt 
all parasite developme nt and d is
ease. Studies on vaccination against 
blood stages and sexual fOnTIS have 
been reviewed elsewhere. 12 

The blood stages of malarial 
parasites use many clever devices, 
including antigenic variation7,8 to 

evade the host's immune response. 
Our studies deal with sporozoites, 
which in contrast to blood stages, 
may be a less resourceful stage of 
development of the malaria para
site. 

Sporozoites mature in the saliva
ry gland of the Anopheles mos
quito, and are injected into the host 
during the bite. During their very 
short lifespan, sporozoites have to 
reach and penetrate hepatocytes 
where, in a few hours, they trans
from by schizogonic-like divisions. 
into merozoites. 

Inasmuch as sporozoites are 
"free" in the peripheral blood only 
for a few minutes, and because re
latively few are injected by mos
quito bite, many investigators pre
viously believed that sporozoites 
were not immunogenic, and could 
not be destroyed by immunological 
attack. Both ideas are incorrect! 
Inoculation of small numbers of 
sporozoites attenuated by X-irrad ia
tion into rodents, monkeys and 
humans leads to the production of 
antibodies against the parasite sur
face and to protective immunity 
(reviewed 4, 9). Of the adults living 
in The Gambia, West Africa, a high
ly endemic area, 90 per cent have 
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detectable levels of antisporozoite 
antibodies. lo 

Sporozoite-induced protective 
immunity is stage-specific and In 

most cases, species-specific,lI but 
not strain-specific. Incu bation of 
viable sporozoites with the sera of 
vaccinated and protected animals 
results in the appearance of a tail
like precipitate, designated the cir
cumsporozoite or CSP reaction. 12, 13 

The CSP reactions are also stage-and 
species-specific. These findings 
suggest that protective immunity is 
at least in part antibody-mediated, 
and that the antigens involved in 
protective immunity and CSP reac
tions may be identical. 

This was first demonstrated to be 
the case with P. berghei. a rodent 
malaria parasite. A monoclonal an
t ibody (3 D I I) raised against the 
surface of P. berghei sporozoites 
displayed all the properties of poly
clonal antisera obtained from 
animals vaccinated with whole X
irradiated sporozoites. ls This an ti
body (3011) not only identified a 
Mr 44,000 stage- and species-speci
fic protein covering the surface 
membrane of sporozoites, but also 
neutralised their infectivity and 
mediated the CSP reaction. 

Identical results were obtained 
when malaria parasites of monkey 
(P. knowlesU and human (P. vivax 
and P. /alciparum) were stu
died.I 6,17 Whp.n the circumsporozoite 
(CS) proteins were compared, we 
found that they had similar 
physico-chemical and antigenic pro
perties. We therefore concluded 
that they Wti~ structurally relat
ed. ls One important observation 
was that sporozoites could be 
neutralised, not only by the native 
monoclonal an tibod ies to CS pro
teins, but also by monovalent Fab 
fragments. 16, 19 This implied that the 
simple binding of antibody to the 
parasites' surface somehow inter
fered with their infectivity . In fact, 
Dr. M. Hollingdale recently found 
that in the presence of the specific 
Fab fragments, sporozoites of 
several malaria species did not at
tash to target cells in vitro. He 

concluded that CS proteins play a 
role in the penetration process 
of the parasite into the host 
cells. 20, 21 

As the sporozoite neutralising 
activity of different monoclonal an
tibodies of the same isotype was 
not identical, we compared their 
specificities by a competitive bind
ing assay. The assay's principle is 
that if two monoclonal antibodies 
recognise the same region of a 
molecule, they will inhibit each 
other's binding activity . Much to 
our surprise, we found that eveIY 
monoclonal antibody against the 
CS protein of P. knowlesi interfered 
with the binding of all others to 
the antigen. Identical results were 
obtained when studying the pro
perties of panels of monoclonal an
tibodies to P. vivax, P. /alcipamm 
and P. berghei. This observation 
strongly suggested that all CS pro
teins have single immunodominant 
regions. 22 This was further confinn
ed when studying the properties of 
polyclonal antisera of animals and 
humans vaccinated with X-irradiat
ed sporozoites. Pre-incubation of 
crude extracts of P. knowlesi and 
P. /alciparum sporozoites with 
single monoclonal antibodies to the 
corresponding CS protein strongly 
inhibited the subsequent binding of 
the poly clonal antibodies. Another 
unexpected observation was that in 
all systems, eveIY monoclonal anti
body tested revealed an unique re
petitive epitope. This was de
monstrated by the ability of mo
nomeric CS proteins to simulta
neously bind two or more mono
clonal antibodies in a two-site im
munoradiometric assay (lRMA).22 

In short, these findings indicated 
that the CS proteins are the most 
immunogenic constituent of sporo
zoites; that only one area of the CS 
proteins was recognised by the 
polyclonal and monoclonal antibo
dies; and finally, that this immuno
dominant region contained repeti
tive epitopes. 

Taken together, these findings in
dicate that CS proteins might be 
used as vaccines against malaria. 
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However, the major practical im
pediment for the vaccine's de
velopment is that mature sporo
zoites can be obtained only from 
the salivaIY glands of mosquitoes. 
In order to overcome this difficulty 
and obtain large amounts of CS 
proteins, two possible approaches 
exist: genetic engineering, and/or 
synthesis of the portion of the 
molecule which contains the rele
vant epitopes. Both approaches 
may be feasible. 

Prior to a pplying recombinant 
DNA technology, we studied the 
biosynthesis of CS proteins In 

sporozoites of several malarial spe
cies. These experiments have 
shown tha t, in rna ture salivary 
gland sporozoites, between 5 to 15 
per cent of the labelled amino acids 
incorporated into protein were 
found in the CS proteins and their 
intracellular precursors. Therefore, 
the m RNA corresponding to the 
CS protein should be relatively 
abundant. 16,19 Using mRNA ex
tracted from the thoraces of P. 
knowlesi-infected mosquitoes, our 
gradua te student, Joan Ellis, prepar
ed cDNA and introduced fragments 
into plasmids, and then these into 
bacteria. More recently, J. Ellis 
found that some of the bacterial 
colonies were expressing a portion 
of the CS protein which was re
cognised by monoclonal antibodies. 
Three positive cDNA clones were 
identified, one of which (PEG8l) 
contained a piece of Plasmodium 
DNA of only 350 base pairs. These t 

clones were shown to be sporo
zoite-specific by Southern and 
Northern blot analysis. 23 

The sequence of nucleotides of 
PEG81 contained several repeats of 
36 base pairs. One of the possible 
reading frames coded for a hydro
philic polypeptide rich in alanine 
and devoid of lysine and arginine. 
We reasoned that if this was the 
correct reading frame, the epitope 
should be resistant to tIYPsin, but 
sensitive to elastase, an enzyme 
which cleaves peptide bands at ala- * 
nine residues. This was confinned 
experimentally by subjecting the 
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in vivo P. knowlesi-synthesised CS 
protein, as well as the E. coli-deriv
ed fusion protein, to enzymatic 
digestion, followed by an immu
noassay to detect the epitope. 

In order to prove that this read
ing frame was correct, the cor
responding dodecapeptide was 
synthesised and tested for reacti
vity with the monoclonal antibo
dies. We found that, at concentra
tions of IO-12M, the synthetic do
decapeptide inhibited the interac
tion of all the monoclonal antibo
dies with the authentic P. knowlesi 
CS protein. 24 

There fore, the basic question 
raised was whether this peptide was 
immunogenic, particularly if it in
duced the fonnation of antibodies 
which reacted with the parasite, 
which hopefully would lead to spo
rozoite neutralisation and protec
tion. A dimer of the dodecapeptide 
was conjugated (through the use of 
carbodiimide) to bovine gamma 
globulin (BGG) and keyhole limpet 
haemocyanin (KLH). Mice, rabbits 
and squirrel monkeys were immu
nised by the subcutaneous injection 
of these antigens emulsified in 
Freund's Complete Adjuvant 
(FCA) . 

Most of the immunised animals 
produced relatively high titres of 
anti-peptide antibodies, the titres 
being lowest and most variable in 
the squirrel monkeys. The sera of 
these animals also reacted with 
intact sporozoites of P. knowlesi, 

It both by the IFA and CSP reactions. 
The pooled sera 0 f the peptide 
immunised rabbits also neutralised 
the sporozoites, i.e., abolished their 
infectivity (Gysin et aI, unpublish
ed results). In a preliminary ex
periment three squirrel monkeys 
immunised with the peptide conju
gated to BGG, and two others im
munised with peptide KLH, did not 
resist sporozoite challenge. Alter
native methods of immunisation 
are presently being studied in order 
to identify preparations which 
would induce a maximal protective 
host response. 

The genetic infonna tion shows 

that the P. knowlesi CS protein 
contains 12 tandemly repeated 
subunits of 12 amino acids. This 
explains the fact that monomeric 
CS proteins can simultaneously 
bind several molecules of monoclo
nal antibodies, and may also 
account for the extraordinary im
munogenicity of this epitope. In 
fact, the CS protein covers the 
entire membrane of sporozoites, 
and nearly one half of each CS 
molecule consists 0 f e pitope re
pea ts. Al though there is no in
formation regarding the secondary 
and tertiary structural featuresofCS 
proteins, nor any infonnation on 
the manner in which they assemble 
on the sporozoites' membrane, it 
seems likely that the repeats form 
a regular and r ela tively compact 
array on the parasite surface. This 
quasi-polymeric structure, which 
may be important for some parasite 
function in the early stages of its 
interaction with the host, should at 
the same time facilitate recognition 
by specific receptors of cells from 
the immune system, and thereby 
enhance immunogenicity . 

These findings are of obvious re
levance to the practical develop
ment of a malaria vaccine. It is 
conceivable that, in the near future , 
genetically engineered or chemical
ly synthesised portions of the CS 
protein of human malaria parasites 
will be available. Would such vac
cines be effective? It has been fre
quently argued that, since immuni
ty to sporozoites cannot protect 
against blood stages, v accina tion 
with sporozoites has to lead to 
sterile immunity in order to be use
ful. In our view, this may be in
correct. There is suggestive evi
dence that the severity of the dis
ease is related to the number of 
sporozoites injected during the 
mosquito bite . If this is correct, a 
vaccine wh ich con tribu tes to su b
stantial reduction of the inoculum 
would still be useful. Moreover, for 
adults living in endemic areas with 
circulating antisporozoite antibo
dies, such a vaccine would enhance 
their naturally-acquired immunity. 

Also encouraging is the observa
tion that sterile immunity was 
achieved in experimental models 
and in humans vaccinated with X
irradiated sporozoites. The effec
tiveness of protection is dependent 
upon the dose of sporozoites used 
for challenge. The higher the dose, 
the less effective the protection. 
Wha t is the size of the inoculum 
under natural conditions? It seems 
to vary according to the geographic 
area and the vector. But in most 
cases, the number of sporozoites 
injected by each mosquito, as well 
as the mosquito infection rate, is 
low. It is therefore conceivable 
that a vaccine containing only spo
rozoite antigens would completely 
protect a portion of the exposed 
population, and that, in those cases 
where a few sporozoites escape, the 
course of the infection should be 
less rapid and more benign. Ideally 
a malaria vaccine would also con
tain antigen from other stages of 
development. 

In conclusion, we have describ
ed some unique structural and im
munological properties of a protein 
from the membrane of sporozoites. 
We have further shown evidence 
tha t this protein is a logical target 
for the development of vaccines. 
Further studies are required to de
tennine its function during the life 
cycle of the malaria parasites: the 
genetic mechanisms involved in its 
stage-specific expression, a nd the 
role of the intramolecular repetitive 
subunits. 

Summary 

Protective immunity against ma
laria has been achieved in hosts 
ranging from birds to man by re
peated inoculation of irradiated 
sporozoites. The main antigens 
involved in protective immunity to 
sporozoites a re the CS proteins, 
which are part of a family of pro
teins covering the whole surface 
membrane 0 f the parasite and 
which have similar physico-chemi
cal and antigenic properties. Mono
valent fragments of monoclonal an
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tibodies to CS proteins neutralise 
sporozoite infectivity in vitro and 
in vivo. All monoclonal antibodies 
recognise a single immunodominant 
region within the various CS pro
teins, and this region contains re
petitive epitopes. The recurrent 
immunodominimt epitope of the 
CS protein of P. knowlesi has been 
identified, and shown to consist of 
12 tandemly repeated subunits of 
12 amino acids. The dimer of the 
dodecapeptide was coupled to pro
tein carriers, emulsified in Freund's 
complete adjuvant, and injected 
into rodents a nd monkeys. All 
animals made antipeptide antibo
dies, and most of the antisera react
ed with P. knowlesi CS protein . 
The neuualising ability of such 
antisera as well as the effectiveness 
of a peptide vaccine are now under 
evaluation. 
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