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The prime targets for development 
of vaccines against human malaria 
are the ex tracellular forms of the 
parasite, namely the sporozoite, the 
merozoite and the gamete, which 
come into contact with the immune 
system. In addition the intraety­

• throcytic schizont is also a poten­
( tial target, in so far as parasite de­

termined antigens appear on the 
surface of the infected erythrocyte. 

The necessity to develop pure 
antigen vaccines or to synthesise 
antigenic peptides has long been 
seen as essential to overcome. the 
difficulties intrinsic to the nature 
of malarial parasites, their in tima te 
association with human host tissues 
a.nd the difficulties of growing large 
numbers of parasites in culture.! By 
virtue of the success with culture,2 
Plasmodium falciparum has been 
the species of initial attention, al­
though P. vivax merits similar in­
terest when it bec0mes technologi­
cally approachable. 

The immediate 0 bjective is to 
identify, purify and produce the an­
tigens most appropriate as vaccine 
candidates. An important con­
straint is the limited scope of 
animal models and the limited 
supply of those monkeys which 
provide the best available animal 
model. With these considerations 
in mind, it is essential to devise 

strategies for the characterisation of 
parasite antigens that will give the 
most complete information preli­
minary to animal trials . 

The cloning and expression in 
E. coli of the sporozoite coat anti­
gen of P. knowlesi3 has given con­
fidence that fairly standard gene 
cloning routes should be open for 
the production of at least some 
malaria protein antigens. The 
sporozoite is unusual in that this 
antigen forms most of the coat of 
this parasite stage and thus the 
corresponding antigen from P. fa 1­
ciparum will be a major vaccine 
candidate when it has been success­
fully produced in quantity. Some 
uncertainty concerning the use of 
a sporozoite vaccine alone must be 
entertained by virtue of the ability 
of even a small number of sporo­
zoites wh ich escape immune sur­
veillance to establish an infection 
in the host . 

From the viewpoint of human 
populations, gamete antigens are 
also a ttractive vaccine candidates, 
since gametocytes are exposed for 
sufficient time to the immune sys­
tem and their inactivation would 
eliminate transmission by the vec­
tor. The ability to induce the for­
mation of large numbers of gameto­
cytes in culture4 has led to im­
portant studies on their surface an­

tigens and the search for inhibitory 
antibodies which recognise them, so 
to facilitate the necessary molecular 
analysis. 

In terms of the clinical disease 
the asexual blood stages are of 
prime interest, although for a num­
ber of reasons they present some 
difficulties in terms of exploitation 
of their antigens as vaccine candi­
dates. During much of the ery thro­
cytic cycle the parasite is protected 
from immune attack by the 
erythrocyte membrane . However, 
trophozoites and schizonts synthe­
sise proteins that are associated 
with the erythrocyte membranes, 6 

and these antigens may have im­
portant functions such as attach­
ment to capillary surfaces that ren­
der them important potential candi­
dates for use in immunoprophyla­
xis . Particularly attractive, how­
ever, are antigens exposed on the 
surface of the merozoite or at some 
stage during the invasion process, 
since immunological inhibition of 
this event will lead to substantial 
lessening of the clinical disease . 

At this stage of our knowledge 
it would seem likely that candidate 
vaccines will need to be cocktails of 
antigens or antigenic pep tides from 
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all or most of these stages. The 
asexual blood stages present parti­
cularly difficult problems which are 
discussed further below. 

Recognition of important blood 
stage antigens 

Two approaches have been used 
to identify malaria antigens capable 
of eliciting a protective response. 
One is to compare the antigens re­
cognised by antibodies in sera from 
individuals exposed to malaria, and 
correlate particular antigens so re­
cognised with the degree of protec­
tive immunity exhibited by the 
sera. This approach has led to the 
identification 0 f a ntigens with 
molecular weights of 96 kDa7 and 
200, 137 and 115 kDa 8 in P. fal­
ciparum. However, the number of 
antigens recognised by immune and 
nonimmune sera as judged by im­
munoprecipitation is considerable9 

and a great variability has been 
noted by many investigators. 

A second approach is to use 
hybridoma technology to produce 
murine monoclonal antibodies ­
or human monoclonal antibodies ­
which inhibit the growth of malaria 
in vitro, then to identify the cor­
responding antigen. This approach 
has led to the production of inhibi­
tory antibodies directed against the 
sporozoites of several species ;10 the 
blood froms of P. yoel/ii, l1 P. know­
lesi l2 and P. falciparum 13, 14 and from 
gametes of P. gallinaceum.15 A 
number of other P. falciparum an­
tigens, recognised by monoclonal 
antibodies have been described 16, 17 
but the ability of these monoclonal 
antibodies to inhibit parasite 
growth has not been reported. 

Holder and Freemanl8 used a 
single antigen of P. yoellii identified 
by monoclonal antibodies as a vac­
cine in mice to elicit immunity and 
have attempted to draw parallels 
between this antigen and one from 
P. falciparum 16 although the latter 
antigen is not known to elicit pro­
tective antibodies. 

Theoretically blood stage anti­
gens to be considered as potential 

candidates for vaccine development 
could have one or more of the 
following characteristics: location 
on the schizont or merozoite sur­
face, recognition by antibodies that 
block invasion in culture, recogni­
tion by antibodies that interfere 
with intraerythrocytic development, 
location on the surface of infected 
erythrocytes, association clinically 
with protection, or other special 
properties. 

Inhibitory monoclonal antibodies 

Possibly the most compelling in­
fonna tion that can be derived from 
experiments using cultured para­
sites is that associated with anti­
bodies which inhibit a specific func­
tion, such as invasion, growth or 
attachment to capillary surfaces. 
We have developed semi-automated 
assays to assess the initial invasion 
step separately from intraerythro­
cytic growth,19,20 using purified 
schizont inputs.21 These assays 
allow the screening of large num­
bers of monoclonal antibodies for 
their functional effects. 

Thus, monoclonal antibodies 
have been produced against a P. 
falciparum schizont antigen d ou­
blet, Mr 220 ,000, that inhibit inva­
sion by merozoites. 14 

,21 At a con­
centration of 1 mg/ml invasion is 
inhibited by nearly 80%, which is 
remarkable for an antibody which 
presuma bly recognises a single epi­
tope. In collaboration with R. An­
ders, we have demonstrated that 
this antigen is indeed an S antigen 
of the type originally described by 
Wilson et at. 22 More recently we 
have examined a much larger 
number of monoclonal antibodies 
directed against P. falciparum and 
have found several more to exhibit 
extensive inhibition of invasion. 
Preliminary characterisation indi­
ca tes tha t these antibodies re­
cognise antigens other than the S 
antigen. These antibodies, and 
those reported by Perrin et al,13 
appear to be the main inhibitory 
ones so far available but their pro­
perties give rise to confidence that 
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following detailed structural charac­
terisa tion of the corresponding anti­
gens the latter must be ranked as 
vaccine candidates at this stage. 

Conceivably either murine or 
human monoclonal antibodies 
could be assessed for passive pro­
tection in the host as a prelimianry 
indica tion of the possible usefulness 
of the corresponding antigens as 
candidate vaccines. 

Structural assessment of candidate 
antigens 

There are two major approaches 
to the next stage, namely the pro­
duction of parasite antigens in suf­
ficient quantities to use for vaccina­
tion trials. One is to identify ex­
pressed antigens in cDNA libraries. 
The availability of a good mono­
clonal antibody made this possible 
for the P. knowlesi sporozoite sur­
face antigen.3 Here also, a repeti­
tive sequence facilita ted recognition 
of antigenic detenninants in a com­
posite protein product. More ran­
dom approaches23 have been used 
for the cloning of schizont/mero­
zoite antigen cDNA followed by 
screening with immune sera. This 
system is promising bu t requires 
improvement to reduce breakdown 
of protein products. Specific 
probes are needed and in this con­
tex t our large library of anti-para­
site monoclonal antibodies is being 
used to screen cDNA libraries for 
this purpose. 

The second approach is to utilise 
more directly the infonnation avail­
able from the interaction between 
inhibitory monoclonal antibodies 
and their corresponding antigens. 
If inhibitory monoclonal antibodies 
recognise antigenic detenninants 
that can induce protection in vivo 
- a notion tha t can be tested by 
comparison with immune sera ­
then these determinants are them­
selves candidates for vaccine de­
velopment. Protein a ntigens re­
cognised by monoclonal antibodies 
can be purified by affinity chro­
matography using these antibodies 
bound to a solid support. Frag­
ments of these protein antigens can 
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be produced by standard enzymatic 
or chemical procedures and amino 
acid sequences determined in the 
relevant region. These in turn can 
be used to build synthetic oligonu­
cleotide probes for searching 
through genomic DNA libraries or 
for cloning specific messenger RNA 
species. 

Ultimately chemically synthesis­
ed peptide determinants can be ex­
plored as candidate vaccines, such 
as have been developed for foot­
and-mou th disease viruS. 24 In this 
case cloning technology is used as 
an intermediate step. Generalised 
rules have been formulated which 
allow a reasonable prediction to be 
made from the DNA sequence of 
the synthetic peptides most likely 
to give rise to a suitable antigenic 
respo nse. 2 S 

Antigenic variation 

An important shadow hangs 
over the enthusiastic efforts to 
select candidate antigens for mala­
ria vaccines. This is the matter of 
antigenic variation. Brown and 
Brown26 demonstrated conclusively 
for the nrst time intra-strain an ti­
genic varia tion in P. knowlesi. More 
detailed analyses of this phenome­
non have been reported recently 
by Howard et al. 27 

Monoclonal antibodies provide 
useful tools to assess the diversity 
of malaria parasite antigens. 
Studies by McBride et al 2S and 
Schofield et al14 have shown that 
grea t diversity does indeed exist 
for some antigens among establish­
ed parasite lines from different re­
gions of the world . In the latter 
study, variant antigens were shown 
to be recognised by inhibitory an­
tibodies, suggesting that some anti­
gens putatively associated with pro­
tective immunity can exhibit varia­
tion. This is perhaps not so surp­
rising, since evolu tionary pressures 
would be expected to generate 
variation mechanisms for evasion of 
the host immu ne response in just 
those antigens of importance to the 
parasite in the invasion process. 
Hommel and co-workers29 have also 

reported variation of surface anti­
gens in infected erythrocytes. 

Thus, a most important compo­
nent of the process of selecting can­
didate antigens or antigenic pep­
tides for vaccine development is ex­
tensive testing for variance or 
otherwise. While it is difficult in 
P. falciparum to assay intra-strain 
variation, it is feasible to screen for 
geographic variation of epitopes in 
primary isolates using monoclonal 
antibodies. Recent studies by 
Schofield in Papua New Guinea 
(unpublished data) have demon­
strated both variant and apparently 
invariant epitopes by this means. 
Such studies need to be extended 
to the global scale for each inhi­
bitory monoclonal antibody to 
allow the selection of invariant an­
tigens or epitopes. 

Conclusion 

The approaches available at pre­
sent for the selection of candidate 
antigens for malaria vaccines are 
potentially fruitful. Indeed, several 
such antigens are currently being 
investiga ted in depth. Using inhi­
bitory monoclonal antibodies it is 
possible to identify antigens that 
are putative inducers of protective 
immu nity. This applies equally to 
sporozoites, schizonts/merozoites 
and gametes of P. falciparum. At 
this point both DNA cloning tech ­
nology and synthetic peptide tech­
nology are applicable to the 
production of antigens for vaccine 
trials. A major constraint is the ex­
tent of antigenic variation in P. fal­
cipamm, necessitating a search for 
invariant antigens recognised by 
inhibitory antibodies. 

Summary 

The quest for vaccines against 
malaria parasites presents a number 
of challenges. Sporozoites, mero­
zoites and gametes are all legitimate 
targets. Because of the complexity 
of the parasite, peptide antigens 
rather than whole parasites are seen 
as the appropriate vaccine candi­

dates. Both recombinant DNA 
cloning techniques a nd peptide 
synthesis can be used to produce 
suitable peptides. Several mono­
clonal antibodies produced against 
shizonts of Plasmodium falciparum 
tha t recognise specific peptide an ti­
gens have been shown to inhibit 
invasion of merozoites in culture. 
These antigens are candidates for 
vaccine development. A major pro­
blem has been identified in the 
form of antigenic diversity/varia­
tion . Selection of candidate vac­
cine antigens/epitopes require the 
recognition of those which exhi­
bit minimal variation in structure. 

ACKNOWLEDGEMENTS 

These studies received support 
from the UNDP /World Bank/WHO 
special Program for Research and 
Training in Tropical Diseases and 
from the National Health and Medi­
cal Research Council of Australia. 

REFERENCES 

1. 	 World Health Organization. Development 
of malaria vaccines: memorandum from a 
USAIDfWHO meeting. Bull World Hlth 
Org 1983;61:81-92. 

2. 	 Trager W, Jensen JB. Human malaria para­
sites in continuous culture. Science 1976; 
193:673·5. 

3. 	 Ellis J, Ozaki SL, Gwadz RW, et al. Clon­
ing and expression in E. coli of the mala­
rial sporozoite surface antigen gene from 
Plasmodium falciparum. Nature 1983; 
302:536-8. 

4. 	 Carter R, Beach RF. Gametogenesis in 
culture by gametocytes of Plasmodium fal­
ciparum. Nature 1979;270:240-1. 

5. 	 Kilejian A, Olson J. Proteins and g1yco­
proteins from human erythrocytes infect· 
ed with Plasmodium falciparum. Bull 
World HIth Org 1979 ; 55 (suppll) 101-7. 

6. 	 Udeinya IJ, Van Dyke K. Labelling of 
membrane glycoproteins of cultivated 
Plasmodium falciparum. Bull World HIth 
Org 1980; 58:445-8. 

7. 	 Brown GV, Anders RF, Mitchell GF, Hey­
wood PF. Target antigens of purified 
human immunoglobulins which inhibit 
growth of Plasmodium falciparum in vitro. 
Nature 1982; 297:591-3. 

http:viruS.24


328 KIDSON. ET AL. 

8. Perrin LH, Dayal R, Rieder H. Characteri· LH. Antigamete monoclonal antibodies tions in man. Lancet 1969; 2: 20 1-5. 
sation of antigens from erythrocytic stages synergistically block transmission of mala­ 23. Kemp DJ, Coppel RL, Cowman AF, Saint 
of Plasmodium falciparum reacting with ria by preven ting fertiliza tion in the mos­ RB, Brown GV, Anders RF. Expression 
human sera. Trans Roy Soc Trop Med quito. Proc Natl Acad Sci USA 1980; 77: of Plasmodium falciparum blood-stage an­
Hyg 1981; 75: 163·5. 6797-9. tigens in Escherichio. coli: Detection with 

9. Myler PJ, Chiu S, UpcroftJ, Castelino D, 16. Holder AA, Freeman RR. Biosynthesis antibodies from immune humans. Proc 

Kidson C. Immunprecipitation of biosyn· and processing of a Plasmodium falci­ Natl Acad Sci USA 1983; 80: 3787-91. 

thetically labelled, stage specific proteins parum schizont antigen recognised by' im­ 24. K1eid DG, Yansura D, Small B, et al. 

from cultured Plasmodium falciparum mune serum and a monoclonal antibody. Cloned viral protein vaccine for foot-and­

using inhibitory human sera. Aust J Exp J Exp Med 1982; 156:1528-38. mouth disease: responses in cattle and 

Bioi Sci 1982; 60: 9196. 17. Hall R, McBride J, Morgan G, et al. Anti­ swine. Science 1981; 214: 1125-8. 

10. Zavala F, Gwadz RW, Collins FH, Nussenz· gens of the erythrocytic stages of the 25. Sutdiffe JG, Shinnick TM, Green N, ler­

weig V. Monoclonal antibodies to circum· human malaria parasite Plasmodium falci­ ner RA. Antibodies that react with pre­

sporozoite proteins identify the species of parum detected by monoclonal antibodie s. de termined sites on proteins. Science 

malaria parasite in infected mosquitoes. Mol Biochem Parasitol1983; 7: 247-65 . 1983;219:660-6. 

Nature 1982; 299: 737·8. 18. Holder AA, Freeman RR. Immunisation 26. Brown KN, Brown IN. Immunity to rna' \ -
II. Freeman PR, Trejdowicz AJ, Cross GAM. against bloodstage rodent malaria using a laria: antigenic variation in chronic infec­

Pretective monoclonal antibodies recognis· purified parasite antigen. Nature 1981; tions of Plasmodium knowlesi. Nature 

ing stage specific merozoite antigens of a 294:361 ·4 . 1965; 208: 1286-8. 

rodent malaria parasite. Nature 1980; 19. Myler PJ, Saul A, Mangan T, Kidson C. 27. Howard RJ, BarnwellJW, Miller LB. Loss 

284:366·8 . An automated assay of merozoite invasion of antibody mediated agglu tination of 
12. Epstein N, Miller LH, Kanshel DC, et al. of erythrocytes using highly synchronised Plasmodium knowlesi (PK)-infected red 

Monoclonal antibodies against a specific Plasmodium falciparum cultures. Aust J cells (IRBCs) on passage in splenectomized 
surface determinant on malarial (Plasm o­ Exp BioI Med Sci 1982; 60: 83-9 . rhesus monkeys. Fed Proc 1981; 40: 
dium knowlesi) merozoites block invasion_ 20. Saul A, Myler P, Elliott T , Kidson C. Puri· 10 II. 
J lnununol1981 ; 127:212-7. fication of mature schizonts of Plasmo· 28 . McBride JS, Wallicker D, Morgan G. An­

13. Perrin LH, Ramirez E, Lambert PH, Mies­ dium falciparum on colloidal silica gra­ tigenic diversity in the human malaria 
cher PA. Inhibition of P_ falciparum dients. Bull World Hlth Org 1982; 60: parasite Plasmodium falciparum. Science 
growth in human erythrocytes by mo­ 755-9. 1982; 217 : 254-7. 
noclonal antibodies. Nature 1981; 289 : 21. Saul A, Myler PJ, Schofield L , Kidson C. 29 . Homm el M, David PH, Oligino LD. Sur­
301-3. A high molecular weight antigen in Plas­ face alternations of erythrocytes in Plas­

14. Schofield L, Saul A, Myler P, Kidson C_ modium falciparum recognized by inhibi­ modium falciparum malaria : antigen ic 
Antigenic differences behveen isolates of tory monoclonal antibodies. Parasite Im­ variation, antigenic diversity and the role 
Plasmodium falciparum demonstrated by munol 1984; 6: 39 ·50. of the spleen.J Exp Med 1983; 157: 1137­
monoclonal antibodies. Infect Immun 22 . Wilson RJM , McGregor lA, Hall P, Wil· 48 . 
1982; 38 :893-7 . Iiams K, Bartholomew R. Antigens asso­

15. Rener J, Carter R, Rosenberg Y, Miller ciated with Plasmodium falciparum infec­




