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Summary of plenary and working group discussions*

THE PRODUCTION AND PURIFICATION OF MALARIA ANTIGENS IN CULTURE

PLASMODIUM FALCIPARUM

Numerous laboratories are now employing the
Trager/Jensen system for cultivating erythrocytic
forms ofP.falciparum. One of the main objectives of
this work is to produce malaria antigen for vaccine
development. Vaccines based on merozoites and
gametes have received particular attention, although
the use of other material, such as schizonts and
soluble antigens, is not excluded.

Production of merozoites

To produce sufficientparasite material for vaccines,
it will be necessary to:
- increase the scale of parasite production
- synchronize the development of schizonts
- separate schizonts from other blood forms and

uninfected cells
- obtain immunogenic merozoites free from con-

tamination with host-cell material, etc.

Increasing the scale ofparasite production
The following methods, suitable for iarge-scale

experimental laboratory purposes, have already been
developed:
- modirications of the continuous flow system
- a semi-automated "type" system
- the use of static large glass flasks.
In general, the methods of cultivation are con-

sidered to have reached a satisfactory level and
attempts to increase further the percentages of para-
sitized erythrocytes above that already attained in
some laboratorics may only yield diminishing returns.
It is considered important to express the parasite yield
from a culture as the number produced per unit
volume rather than as the percentage of erythrocytes
containing parasites.

Aspects of the technique requiring further attention
are:

1. Serum utilization
(a) Partial reduction of the quantity of serum re-

quired would be a worthwhile goal, together with a
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study of the essential serum factors required.
(b) Freshly collected rabbit and horse sera have

been shown to support long-term cultivation, and
should be examined further as possible substitutes for
human serum.

(c) Preliminary reports suggest that some sera,
especially from regions where malaria is endemic, are
unsuitable for use in cultures unless they undergo heat
inactivation.

2. Gas phase
Although a precise definition of optimal gas con-

ditions is not yet possible, concentrations of 2-3%
CO2 and around 10% 02 are recommended. Further
research is required to define the conditions required
for all types of culture.

3. Condition of red cells
It is known that outdated red cells are suitable for

culture. However, they should be stored in complete
plasma, rather than as red ceUl concentrates. It may be
useful to remove white cells by filter paper columns
when using freshly coUected blood.

4. Cotaminatwon
Gentamicin at 50 mg/litre has been used success-

fully by many laboratories to control bacterial con-
tamination, without deleterious effects on the para-
sites; neomycin has also been found useful. However,
it is considered preferable to maintain stock cultures
free from antibiotics. In cultures maintained for long
periods without addition of fresh red cells, parasite
debris mav accrue and may be mistaken for fungal
contamination.
Synchronizing development

There is no physiological technique for introducing
synchronization. Several methods are, however,
available that afford a large measure of separation of
the blood stages and thus allow Cultures to be set up
that retain synchrony for about 2 cycles.

(a) Ring forms can be enriched by using sorbitol,
which will kill the later stages.

(b) Schizonts can be enriched by the use of:
- density gradients (e.g., bovine serum albumin);
- gelatir- solutions (Plasmagel, Physiogel);
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- a cell-sieve (3 .m pore diameter).

Separation ofschizonts

The above and other methods have been explored
for this purpose. The following deserve further inves-
tigation:
- density-gradient centrifugation
- gelatin solutions that aggregate and sediment

both the uninfected RBC and those with early infec-
tive stages
- cell-sieve
- fluorescence cell sorter, after the introduction

of fluorescent DNA-label
- free-flow electrophoresis.
A comparative assessment of the efficiency of each

method and of the viability of parasites following
separation is required.

Obtaining merozoites
Merozoites can be obained from harvests of schiz-

onts by:
- natural release of merozoites into the medium;
- disruption ofmature schizonts (e.g., mechanical

shearing);
- CF 11 cellulose
- cell-sieve (2-jm pore diameter)
- lectin-linked Sepharose columns.
Obtaining merozoites by natural release appears

preferable at this stage. In view of the short life of the
merozoite, good yields are more likely to be obtained
from synchronous cultures. Studies on the survival of
merozoites after release are required, and attempts
should be made to develop media to enhance their
survival, and in particular, to preserve their immuno-
genicity.

Evidence has been presented that lowering the pH
of the medium prevents reinvasion, allowing mero-
zoites to accumulate. The development of methods to
obtain purified merozoites free of red cell debris, pig-
ment, etc., is a field that needs more study. There are
indications that lectins may be useful for selective
removal of red cell membranes.

Antigens released in culture
There is evidence that antigens are released in cul-

ture. Efforts should be made to confirm this and
characterize the proteins present.

Production of gametes
Theproblem of obtaining gametocytes and gametes

in culture is much greater than that of obtaining
asexual stages. Areas needing investigation are:

(a) Defining conditions necessary for gametocyte
production. Conditions in the medium associated
with a long period in culture lead LO stimulation of
gametocyte formation.

(b) Factors involved in promoting maturation of
gametocytes. A low haematocrit together with the
presence of few asexual parasites appears toencourage
maturation.

(c) Factors necessary for infectivity of gametes for
mosquitos. No successful mosquito infections have
yet been obtained from gametocytes in culture.

OTHER MALARIA SPECIES

Other than P.fakciparum, only P. knowlesi and
P.fragle have been maintained successfully in long-
term culture. Intensive efforts should be made to cul-
ture the other human parasites.

Culture of exoerythrocytic stages

Sporozolte-induced tissue stages of P. berghei bave
been grown in culture. Critical evaluation and exten-
sion of this interesting model are needed.

CRYOPRESERVAnON

It is recommended that a similar method of cryo-
preservation of human plasmodia, both of cultured
forms and of blood isolated from patients, should be
used by all workers involved in malaria culture. The
establishment of a bank of well-documented isolates
of P.faciparum and of other species is considered
important, the functions of the bank being to cliarac-
terize strains genetically and to act as a source of
reference material for use by other laboratories.

TRAINING IN CULTURE METHODS

Training courses on culture methods and their
application should be encouraged, in particular, in
countries where malaria is prevalent.

CHARACTERIZATION OF MALARIAL ANTIGENS

Little is known about the malarial antigens res-
ponsible for protection and the identification, purifi-
cation, and characterization of such protective

antigens are considered to be essential requirements
for the production of a malaria vaccine. In addition,
studies on antigens causing immunopathological host

278



S1JMMAR4R OF DISCUSSIONS

responses should be carried out. Current research
activities to determine how to obtain adequate
quantities of appropriate parasite material were re-
viewed and recommendations for future investigations
made under the following headings:

PROVISION OF MATERIAL

At the present time characterization of antigens
from erythrocytic stages of P.falciparum depends on
bulk cultivation and animal inoculation. In the
future, antigens for vaccines may be produced by
novel approaches, such as recombinant DNA and
cell-free translation of plasmodial RNA. One example
is the recent report that malarial antigens were pro-
duced in a cell-free system using RNA with messenger
activity extracted from P. knowlesi-infected red cells.
This was translated in a rabbit reticulocyte cell-free
system. The products ranging in molecular weight
from 20 to 100 x 103 were identified by precipitation
with antiserum against P. knrowlesi antigens.

CHARACTERIZATION AND FRACTIONATION OF
PARASITE ANTIGENS

The importance of characterizing membrane-
associated antigens of parasites and infected host cells
has been emphasized in previous workshops; recently,
these studies have been undertaken by various
groups.

In order to gain a clear understanding of the
immunological and biochemical characteristics of the
membrane components of the infected red cell,
methods have been developed for membrane isolation
and characterization. Using nitrogen decompression
and density-gradient centrifugation, it has been pos-
sible to separate the plasma membrane of the erythro-
cyte from the enclosed schizont and to subfractionate
the released schizonts. By crossed-immunoelectro-
phoresis, bidimensional focusing, and sodium dodecyl

sulfate gel electrophoresis, components in the eryth-
rocyte membrane of P. ktowlesi-infected red cells
were judged to be "neo-glycoproteins". These com-
ponents were not detected in normal erythrocyte or
purified schizont membranes.

In a related study, membrane fractions were en-
riched in the knob-like protrusions from P.fakci-
parum-infected erythrocytes. These were found to
contain a metabolically labelled component absent
from knob-deficient membranes obtained from
erythrocytes bearing uninucleate parasites. The
labelled band with an apparent molecular weight of
70-80 x 103 was similar in size to a concanavalin A
binding component. It remains to determine whether
these proteins are identical.
The antigenic composition of different erythrocytic

stages of P. knowlesi was examined by crossed-
immunoelectrophoresis, using immune rhesus
monkey serum. Eleven major parasite antigens were
identified, two of these were stage-dependent.
Schizont-infected red cell membranes contained 5 of
the 11 antigens and 4 of these were exposed on the
outer surface of the red cell membrane. They were
also present in purified merozoite preparations.

Characterization of P.fakiparum antigens has
shown that the La, antigen, immnunogenic in man, is
associated with membranes, whereas the poorly
immunogenic S ancigens are acidic proteins and cyto-
plasmic in origin. The latter have a wide range of
serological specificities.
Among the surface membrane proteins that can be

iodinated in purified sporozoites of P. berghei, only
one reacts specifically with antibody present in
animals immunized with irradiated sporozoites. This
is sugzestive evidence that a protein on the surface of
the sporozoite may be a candidate immunogen.

In addition LO studies on membrane proteins, a
histidine-rich protein has been isolated from
P. lophurae freed from red cells. This protein has
been purified. partially characterized, and found to
induce protection against P. lophurae in ducks.

VrACCINATION AGAINST MIALARIA

Vaccination against malaria has been performed
against different stages in the life cycle (blood stages,
gametes, and sporozoites) using a vanety of host-
parasite systems. and in some cases with the addition
of adjuvant. Although vaccines against each stage in
the life cycle will be discuissed separately, vaccines for
eventual use in man might contain antigens from dif-
ferent stages. For example, vaccination with the com-
bination of merozoite- and gamete-derived antigens

would reduce morbidity and mortality in vaccinated
indi-sduals and also block transmission to others who
may not have been immunized. In addition, this com-
bination may be synergistic in that the reduction in
asexual parasitaemia may reduce the number of
gametocytes against which gamete immunity must
work. Vaccines against blood forms and sporozoites
give no cross protection between stages and pure
gamete vaccines wilI probably also be stage-specific.
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STATE OF KNOWLEDGE ON VACCINATION
AGAINST BLOOD STAGES

Immunization with a purified antigen

For the first time it has been possible to immunize
an animal against malaria by inoculating a purified
protein, the histidine-rich protein isolated from
P. lophurae-infected red cells. Ducklings imunnized
with this protein survive an otherwise fatal
P. tophurae infection.

Immunization of nonhuman primates with antigen
in adJuvant

Three primate models are currently in use for vac-
cination studies: P.faciparum inAotusmonkeys and
P. knowlesi in rhesus and kra monkeys. Although the
Aotus readily develops marked immunity to P.falci-
parum after drug-controlled infections, it is the model
system ofchoice in studies of prospectiveimmunogens
derived from culture of asexual forms of P.faci-
parum. The rhesus/P. knowlesi system, while allow-
ing challenge with homologous and heterologous
variants, represents a severe test for evaluating
antigens and adjuvants. In contrast to the almost
universally fatal course of P. knowlesi infection in
rhesus monkeys, the kra monkey, which is a natural
host for P. knowlesi, develops a chronic low-grade
infection and might prove to be a useful model for
evaluating vaccines.
Adequate protection with blood-stage malarial

antigen requires the addition ofan effective adjuvant.
Freund's complete adjuvant (FCA) has usually been
the most effective for experimental models, but is
unacceptable for use in man. A muramyl dipeptide
(MDP) derivative was partially effective in replacing
the mycobacterial component of FCA in P. knowlesi
vaccination of rhesus monkeys, while a stearoyl MDP
in liposomes has been effective when used with a

P.falciparum, saponin-lysed schizont antigen in pro-
tecting Aotus monkeys from a lethal homologous
challenge. Saponin, an undeflned bark extract, has
been shown to be an effective adjuvant for veterinary
use. When saponin was used with P. knowlesi antigen
to immunize kra monkeys, it gave protection at least
comparable to FCA against homologous challenge.

Merozoites, disrupted schizont-infected cells,
fractions derived from disrupted schizonts, and
trophozoites all in Freund's complete adjuvant have
been used to vaccinate rhesus monkeys against
P. knowlesi. These preparations induce protection
but they do not usually prevent the development of
transient parasitaemia after challenge with a hetero-
logous variant. After immunization the degree of
anaemia is not in excess of that seen in unimmunized
animals with a similar parasitaemia.

Aotus monkeys vaccinated against P.faliparum
with merozoites and with saponin-lysed preparations
of schizonts containing late merogonic stages in
various adjuvants may survive otherwise lethal chal-
lenge. Protection may transcend distinct geographical
isolates of P.falcuparum.

In all systems studied, primate malaria immuniz-
ation is specific for the plasmodial species used.

Immunization with attenuated parasites

Asexual parasites have been attenuated by ir-
radiation, by passage in unusual hosts (e.g., P. gal-
linaceum in the chick embryo), or by passage in tissue
culture. After inoculation with these parasites, the
host may have increased resistance to challenge with
virulent strains. For example, inoculation of Aots
monkeys with irradiated falciparum-infected red cells
provides partial protection to subsequent challenge.
In earlier studies the instability of the attenuated
strain has complicated their use.

STATE OF KNOWLEDGE OF GAMETE IMMUNIZATION

Immunization of the vertebrate host against extra-
cellular malaria gametes is designed to block fertiliz-
ation in the mosquito gut. Plasma antibodies,
ingested with blood, interact wi'th the gametes and
thus block transmission of the infection. Gametocytes
from chickens previously immunized by intravenous
inoculation of male and female gametes did not give
rise to the development of oocysts after their ingestion
by mosquitos. When washed and resuspended in
normal serum these gametocytes were fully infectious
to mosquitos. In contrast to the results in chickens,
immunization of rbesus monkeys by intravenous
inoculation of P. knowlesi gametes had no effect on
the subsequent development of gametocytes in the
mosquito. Successful immunization of rhesus
monkeys was obtained only when the gametes were
injected with Freund's complete adjuvant. Other
adjuvants were less effective (see "Anfigamete anti-
bodies", p. 283).

STATE OF KNOWLEDGE OF SPOROZOlTE
IMMUNIZATION

Complete protection against sporozoite challenge
has been obtained in various rodent malaria systems,
corroborating earlier work in avian malaria. A
number of rhesus monkeys have been totally pro-
tected against challenge with sporozoites of both
P. cynomolgi and P. knowlesi. Finally, a small
nuumber of human volunteers have been successfully
immunized with irradiated sporozoites of PRfalck-
parum and P. vivax.
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Protection in all these instances was species-specific
but conferred immunity against a broad range of
geographical isolates of the same plasmodial species.
In all these instances the antigen consisted of intact
irradiated sporozoites, introduced without adjuvant,
either by the intravenous route or by the bite of in-
fected mosquitos. Other routes ofimmunization have
been explored in the rodent model, but resulted in a
significantly lower percentage of protected animals
and much less consistent results.
Although most experiments involve the use of mul-

tiple immunizing doses, recent data in rodents
confirm that even a single intravenous immunizing
dose can provide complete protection to a substantial
percentage of animals. The degree of protection de-
creases over a period of several months and is related
both in duration and extent to the dose ofimmunogen
used. Irradiated sporozoites of rodent plasmodia
stored at -80°C in the presence of serum retained
their capacity to induce complete protection against
sporozoite challenge.

STOR4GE OF ANTIGENS FOR VACCINATION

When possible, vaccines should be preserved for

later testing and should be made available to other
laboratories for comparative studies. Comparison of
results from laboratory to laboratory will remain dif-
ficult, however, until data on stability and duration of
potency are accumulated. For example, inadequate
processing ofP. knowlesi merozoites can lead to rapid
deterioration.

EFFECTS OF INTERCURRENT INFECrIONS AND
NONSPECIFIC IMMUNITY ON VACCINATION

Nonspecific protection against the blood stages of
murine parasites has been observed following recov-
ery from infections with Babesia spp. and after pre-
treatment with BCG, Corynebacterium parvum and
BrucelIa abortus. On the other hand, malaria infec-
tions are enhanced in the presence of certain other
intercurrent infections. The extent and significance of
these interactions need to be assessed both in the lab-
oratory and in the field, and their possible significance
for vaccination studies appreciated. In this context
the efficacy of immunization in the presence of con-
current malaria needs careful assessment.

MECHANISMS OF IMMUNITY

Malaria infection can be divided into 3 main stages:
-sporozoite inoculation and invasion of the site

of exoerythrocytic multiplication
- exoerythrocytic asexual multiplication
- erythrocytic asexual parasitaemia and produc-

tion of gametocytes.
Erythrocytic malaria is normally characterized by a

period of high and fluctuating parasitaemia of vari-
able duration, followed by an extended period of
again fluctuating but much less intense parasitaemia,
which may occasionally produce clinically significant
recrudescences. Differences in the relative number of
asexual parasites and gametocytes can occur at
various times in the infection.
The stages of parasite development have structural

and metabolic differences and have specific as well as
common antigens. For the effector arm of protective
immunity, stage-specific surface antigens are likely to
be most significant. Immune interaction resulting
from responses to other antigens present, including
common internal antigens, may influence the dy-
namics and efficiency of stage-specific responses, not
only to the same developmental stage but also to other
stages.
The sporozoite stage is extracellular but other

stages are characterized by both intracellular and
extracellular (merozoite) phases. The intracellular

phase produces modification in host cell structure
including significant changes in host cell membranes.
Virtually nothing is known of these changes in the
exoerythrocytic stages but there is evidence that in the
erythrocytic stage these might include:
- the exposure of isoantigens normally masked
- modification of self-components so that they

become immunogenic
-the incorporation of parasite antigen into the

membrane
- modification of the morphology of the red cell

and its membrane so that it no longer has the normal
flow characteristics.
Asexual parasites and gametocytes may also

modify the host cell membrane in different ways. At
times of high parasitaemia and crisis, the membranes
of even uninfected red cells may be altered. Parasite
species vary in their red cell preferences; some are
found most commonly in mature erythrocytes and
some in reticulocytes, although even in the former
case parasites will frequently be found in reticulocytes
once the anaemiia becomes marked. Reticulocytes and
mature erythrocytes have different characteristics
thatmay beimportant in parasite-host cell interaction
and, thus, affect the generation of and reaction to
immune responses.

All known immune responses are likely to be trig-
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gered at some stage in malaria infection and their rela-
tive importance may vary at different times. Where
superinfection and infection with more than one
parasite species occur, the picture is likely to be even
more complex.
A range of laboratory models is available for exper-

imental study but many of them differ significantly
from naturally transmitted malaria. Short-lived infec-
tions with a sterilizing immune response or uniformly
fatal infections, although useful for investigating
certain circumscribed responses, are not seen in the
field. Where practicable a laboratory model should be
capable of mosquito transmission and all experimental
manipulations should be carried out on standard
material, recovered in a uniform way, after either
cryopreservation, or where appropriate, mosquito
transmission.

Investigations of immune responses in both in-
fected individuals and populations will be a crucial
element in determining how far responses identified in
experimental models are operating under the many
different conditions of natural transmission.

SPECIFIC IMMfUNITY

Antibody-mediated mechanisms of immunity

Infection with malaria induces humoral antibody
of diverse classes and specificities in the infected host.
Many of these antibodies cross-react with different
plasmodial species and with different developmental
stages of the same species. Since specific immunity to
malariais both species- and stage-specific, it is unlikely
that such antibodies have a protective role. Antibodies
of narrower specificity reacting only with individual
isolates (strains) or with variants within a given strain
have been defined (notably in P. knowlesi); these anti-
bodies have not as yet been shown to have a protective
role. Malaria infections do, in addition, induce anti-
body directed against antigens that are stage- and
species-specific, and it is these antibodies that seem
likely to have a major role in immune protection.

Antibody against sporozoites
Sporozoite immunization induces an antibody res-

ponse that is primarily if not exclusively stage-specific
(i.e., reacting only with sporozoites). The anti-
sporozoite antibody response is also strictly species-
specific, so that sporozoites of different plasmodia
species fail to cross-react. Sporozoites ofsome species
of rodent malaria constitute exceptions, and thus
appear to be more closely related.

Antisporozoite antibodies detect stage-specific
antigens developed during sporozoite maturation in
the invertebrate host. These antigens are fully ex-

pressed in both salivary gland sporozoites and the
early phase of development of the exoerythrocytic
stages within hepatocytes. Sporozoite-specific anti-
gens fall to be detectable in late liver stages, in which
erythrocytic-stage antigens predominate.

Surface labelling of sporozoites has shown that
there is one main labelled proteinaceous suiface anti-
gen that reacts with antisporozoite antibodies. This
antigen is species-specific, and its relauve molecular
mass in sporozoites of P. berghei differs from that in
P. knowlesi.

In vitro the interaction of sporozoites with immune
serum results in the deposition ofa prominent surface
coat. It the sporozoites are sufficiently viable this
interaction leads to tail formation. This could be due
to membrane movement, and may represent a mech-
anism for sloughing off the deposition. It remains to
be determined whether this antibody deposition
affects the penetration of sporozoites into the cells of
the vertebrate host.

Sporozoite-antibody interaction in vitro also
results in loss of sporozoite infectivity. This neutraliz-
ation correlates well with protection. It is not yet
known if this neutralizing activity results in killing of
the parasites, blocks their invasion of liver cells, or
simply opsonizes them. It is known that immune
serum will accelerate their uptake and/or penetration
into macrophages in vitro.

There is no evidence for any effect of antisporozoite
antibodies on the intracellular exoerythrocytic stages
of these parasites. In fact, sporozoite-immunized
animals support the maturation of exoerythrocytic
forms within hepatocytes transplanted into immu-
nized mice.

Passive transfer of antisporozoite antiserum into
mice reduces considerably the time of circulation of
infective sporozoites and the number of liver stages,
but it does not result in total suppression of a sporo-
zoite-induced infection.
Antibody is not essential for protection since a per-

centage of,-suppressed mice become protected upon
sporozoite immunization.

Antisporozoite antibodies have been detected in
low titre in the sera of individuals living in malaria
endemic areas.

Antibody against erythrocytic stages
The role of humoral antibody has been demon-

strated by passive transfer of immune serum or Ig
preparations in experimental and human malarias.
The efficacy of passive immunity in P. knowlesi
malaria is dependent upon the level of antibody react-
ing with the challenge variant employed. Activity is
associated primarily with IgG and to some extent with
IgM in both P.fakciparum and P. knowlesi infections.
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B cell-deficient mice and agammaglobulinaemic
chickens cannot eliminate an acute infection; how-
ever, they can resist subsequent malaria infection if
their acute infection is cured by drug treatment.

Passive transfer ofimmune serum is far more effec-
tive in intact than in splenectomized animals, indi-
cating the importance of synergism between antibody
and cells in protective immuiity. Available evidence
suggests that antibody having significant protective
function reacts with parasitized erythrocytes and free
erythrocytic merozoites. In vitro studies with
P. knowlesi showed that immune sera contain anti-
merozoite antibody, which agglutinates free mero-
zoites, prevents invasion of red cells, and so interrupts
cyclical development of the parasite. This action is
independent of complement and can be mediated by
the F(ab)2 fraction of IgG. Merozoite inhibitory anti-
body shows strain specificity for P. knowlesi as well,
apparently, as variant specificity. Antimerozoite
levels usually but not invariably correlate with protec-
tive immunity.
Advances in continuous culture techniques have

facilitated the use of in vitro assays for the study of
mechanisms of action of immune serum in falciparum
malaria. P.falciparum immune serum from Aotus
monkeys has been shown to inhibit development of
parasites in vitro but the mechanisms involved have
not been defined. Any strain- or variant-specificity of
immune Aotus serum remains to be determined.
Studies with human serum antibodies and parasites
have indicated strain specificity of reinvasion-inbi-
bition in a defined geographical area. These in vitro
assays will be of further value in assessing the mode of
action of antimerozoite antibodies.

Immune-electron microscopy has demonstrated
antibody reacting strongly with the surface coat of
merozoites. It is possible that antibody directed
against the receptor sites on the merozoice or the
content of the rhoptries may have considerable func-
tional significance and be capable of neutralizing all
merozoites within a species irrespective of other
variant or strain differences that may be present.
Changes in the host cell surface as a consequence of

infection withPlasmodium result in the production of
specific antibodies in several systems:

(a) P. berghei in rat reticulocytes. Antibodies to
infected reticulocyte membrane have been identified.

(b) P. knowlesi schizonts. Variant-specific, schiz-
ont-infected cell agglutinins and opsonins are readily
demonstrable.

(c) The mature eryEhrocytic stages of P.falci-
parum have surface alterations (knobs or excres-
cences) in the host erythrocyte. The appearance of
these knobs on infected erythrocytes correlates with
the sequestration of these cells from the peripheral
circulation. Animals immune to falciparum malaria

have antibodies specific to these knobs and to
sloughed knob material. However, the nature and
function of the knobs and whether the antbodies pro-
duced against them are protective are unknowni.

(d) Specific antibodies to the cavaeole or Schuff-
ner's dots of P. vivax-infected erythrocytes have also
been demonstrated.

AntigameIe antibodies

Immunization of chickens with semipurified micro-
gametes and macrogametes leads to the development
of antigamete antibodies. Such antibodies after inges-
tion by the mosquito have been demonstrated to
block fertilization of the macrogametes in the gut of
the mosquito so that no oocysts are formed.

These antibodies can be measured in vitro by three
tests:

(a) Exposure of microgametes to the above sera
results in immobilization or a phenonmenon called the
surface-fixation reaction, in which microgametes are
rapidly fixed to the surface of a cover slip.

(b) In vitro ookinete formation between macro-
gametes and miicrogametes can be blocked by such
antibody.

(c) Gametocytes can be incubated with these anti-
bodies in a membrane-feeding device. Mosquitos
feeding on blood containing such gametocytes do not
develop oocysts.
Complement does not appear to be necessary for

any of these reactions.
Antigamete antibodies occur in intravenously

immunized chickens. In the rhesus-P. knowlesi
system, antigamete antibodies appear only after
gamete immunization using Freund's adjuvant.
Mosquitos feeding on such immunized monkeys

fail to develop oocysts. Furthermore, immunization
with a trophozoite/gamete mixture in FCA also leads
to a marked suppression of the asexual stages of the
infection. Immunization with this preparation in
incomplete Freund's adjuvant was also effective in
producing transmission-blocking immunity but faded
to affect the asexual stages of the diseases. Immuniz-
ation with FCA alone had no effect at all.

Transmission-blocking immunity wvs correlated
with two in vitro tests (paragraph (a) and (c) above).

In man, preliminary studies have failed to detect
antigamete antibodies in the sera of subjects from
hyperendemic areas. However, this was formerly also
true for sporozoite antibodies until better preparations
were used.

Antigen-specific cell-medisted mechanisms

Involvenment of T cells in malaria
T cell-deficient animals do not recover from (ex-

perimental) malaria and cannot be protected by active
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immunization. Studies of the response of T cells to
malaria are unfortunately limited by lack of precise
assays for the quantification of specifically activated
T cells and their products.
At the present time, T cells have been divided into

four major subpopulations according to their func-
tion: Cytotoxic T cells, T cells involved in delayed-
type hypersensitivity (DTH), suppressor T cells, and
helperT cells. Since markers are available that charac-
terize these subsets, especially in the mouse, it is now
possible to evaluate their individual contribution to
malaria immunity.

Cytotoxic T cells. To date there is no evidence for
the involvrement ofcytotoxic T cells in malria protec-
tion. However, the possibility that cytotoxic T cells
may be effective against the liver stage has not yet
been tested.

Tcells involved inDTHand in lymphokineproduc-
tion. DTH to malarial antigens is detectable in animal
and in human malaria. Transfer experiments have
confirmed its mediation by T cells. A positive corre-
lation between DTH and protection in vaccinated
monkeys and mice has been sought, and though
frequent, is not invariable. Defined antigens have
not, however, been used in such studies and a better
correlation may conceivably be obtained witb appro-
priate antigen preparations.

Specific in vitro responses by T cells from infected
and vaccinated animals have been reported. These
include blast transformation and the production of
both lymphotoxin and factors chemotactic for mono-
cytes. A correlation with protection has been looked
for and as in the case of DTH, was by no means con-
sistent. Again, studies with defined antigens will be of
more value.
Suppressor Tcells. These cells have been shown to

be activated in other protozoan infections (e.g., try-
panosomiasis), and it seems likely that they will also
operate in malaria. It is important that critical exper-
iments should be devised to determine whether they
play a role in malaria immunity.
Helper T cells. Since antibody, especially IgG,

clearly plays an important role in acute malaria (see
"Antibody-mediated mechanisms of immunity,
pp. 9-12), helper T cells must presumably be required
at this stage. Stimulation of helper T cells has been
shown to occur following vaccination in mice. Evalu-
ation of other T cell functions in such animals will be
of great importance.

Antibody-dependent, cell-mediated
cytotoxicity (ADCC)
ADCC is a phenomenon measurable in vitro (killing

of various target cells in the presence of antibody and
nonspecific effector cells), but correlation with in vivo

killing has not yet been established. However, cells
responsible for ADCC activity have been shown to
increase in both humans and mice during malaria
infection. Peripheral blood cells taken from both
normal and recovered mice were shown to kdil para-
sites in the presence of specific antiserum; this may be
an example of ADCC and should be investigated
further, bearing in mind the problem of maintaining
parasite viability in vitro. The protective effect of pas-
sive antibodies in intact compared with splenecto-
mized monkeys is also consistent with a role for
ADCC.

Interactions between specific
immune mechanisms

Because many immunte responses involve inter-
actions between cells of differing types and between
cells and serum factors, some or all of the specific res-
ponses discussed above may be modulated in vivo.
Hence, demonstration ofa particular in vitro phenom-
enon may not necessarily reflect the in vivo situation.

NONSPECIFIC IMMUNITY (NSI)

NSI is mediated by effector systems that, by defi-
nition, are not antigen specific. However, they can be
activated by specific immune responses as wel as by
nonspecific mechanisms. NSI can be mediated
directly by several cell types and by their products, all
of which may interact with one another and with
other lymphocytes in a complex manner. To analyse
the role of NSI in any host-parasite system, it is
necessary to define the cell types involved, how they
exert their effects, and how their activity is regulated.

Evidence has accumulated that NSI is important in
the elimination of intracellular organisms, such as
Listeria and mycobacterial infections. Recent obser-
vations suggest that NSI can also be effective in limiit-
ing the multiplication of malarial parasites within
erythrocytes, thus contributing to recovery. Evidence
in support of a role ofNSI in malaria includes the pro-
tection of mice against P. clwbaudi and P. vinckei by
prior exposure to diverse agents such as Coryne-
bacterium parvum, mycobacteria, BCG, Brucella
abortus, and certain poly-anions. These agents acti-
vate NS] and produce protection against haenio-
protozoa under conditions when participation of
specific immunity can be excluded. Under these
circumstances, an important manifestation of NSI
may be the degeneration of parasites within circu-
lating erythrocytes. Similar morphological changes
are observed in mice recovering from nonlethal infec-
tions with P. chabaudi, P. vinckei, and some strains
of P.yoelii. This suggests that the final effector
pathways in animals recovering from infections or
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protected by these nonspecific mechanisms may be
similar. Degenerating parasites within circulating
erythrocytes are also recognized in primate malarias,
including P. brasiliinum and P. knowlesi.
Although several cell types are known to be effec-

tors of NSI in general, two cell types have been impli-
cated in resistance to malaria parasites: macrophages
and natural killer cells.

Macropbages

Macrophages interact with lymphocytes in the
induction of specific immune responses: they can also
exert inhibitory influences on immune responses,
especially those of T lymphocytes; they can clear
parasitized erythrocytes from the circulation; and
they can participate in the activation of nonspecific
effector mechanisms. Traditionally, it has been
thought that an important mechanism ofimmunity to
malaria is the opsonization of free parasites or para-
sitized erythrocytes for phagocytosis by macrophages.
It is now evident that this mechanism primarily
mediates the clearance of cells containing parasites
that are already degenerate, rather than being a mech-
anism for killing parasites. Inhibitory effects of
macrophages on immune responses are known in
several parasitic infections, including malaria. The
stimulatory and inhibitory effects of macrophages in
specific immune responses may be exerted by distinct
populations of cells or by different stages of differen-
tiation of the same population. This distinction is an
important problem for future research.

Killer cells
Natural killer (NK.) cells are a population of mono-

nuclear cells predominantiy present in spleens and
peripheral blood, that have non-antigen-specific cyto-
toxic capacity. In the mouse, the level ofNK activity is
under genetic control and can be either augmented or
decreased experimentally. An endogenous mechanism
that increases NK activity is interferon production
and NK activity can be decreased by adrenal corn-
costeroids. Exogenous agents increasing NK activity
include BCG and C.parvum, which could exert theii
effects through interferon production. Activation of
T lymphocytes, for example by mixed lymphocvte
reaction, can also increase NK activity. here too,
interferon may play a role as a mediator.

Postulated events in nonspecific immunitv
An early event in malaria is the activation of T

lymphocyte function in which macrophages may be
involved. The fact that eventual recovery is dependent
on the presence of T lymphocytes suggests that they
form an essential link in the chain of protective events.

However, T lymphocytes are unlikely to be the actual
effector cells because protection against certain
murine malaria parasites follows treatment of nude
mice with C. parvum. The precise effector mechanism
remains to be determined, but recent experiments
suggest thatNK cells may participate. Genetic studies
have shown a strong correlation between high NK
activity and the ability to resist malaria in different
strains ofmice. NK activityis increased during murine
malaria infections, and treatments that increase this
activity augment resistance to infection. Conversely,
those treatments that adversely affectNK cell activity,
e.g., corticosteroids, decrease resistance. Mice with
low NK activity are known to be particularly suscep-
tible to infection with Listeria, African trypano-
somes. and certain viruses, so NK cells may be
important in a number of parasitic infections.
As intracellular death seems to be an index of this

nonspecific activity, it would seem reasonable to look
for similar indications in primate and human malaria.
It would also be of interest to analyse NK activity in
different human populations and in individuals
during the course of malaria infections.

MECHANISMS OF IMMUNE EVASION

To understand more clearly which host and parasite
factors might be important in evasion ofhost defence,
more must be learned about critical parasiticidal
mechanisms. Factors related to the parasites that
might facilitate their persistence in the organism
include:
- antigens may be concealed from the immune

system by virtue of being intraerythrocytic
- antigenic variation
- elaboration by the parasite of substances that

interfere wiith imnmune responses by a variety of pos-
sible mechanisms (e.g.. sdmulation of suppressor
cells. blocking of lymphocyte receptors).
Host factors that might result in successful growth

and persistence of the parasite include:
- initiation of immunosuppressing mechanisms as

a "normal" homoeostatic response
- production of immunosuppressive factors by

macrophages as a result of extensive phagocytosis of
parasite debris
- production of immune complexes that might

suppress certain important immune responses
- sequestration of parasites in "privileged" sites.
Malaria parasites are highly evolved organisms with

complex life cycles and specialized physiological
demands. Being extremely vulnerable in the blood,
they have obviously had co come to terms with the
immune response and this, in its turn, has had to react
to the adaptations of the parasites. The immune res-
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ponse is therefore complex and all the evidence avail-
able suggests that the parasites are first brought under
control and eventually eliminated by a number of
mechanisms that probably operate in a sequential
manner. The totalimmuneresponseprobablyincludes
non-antigen-specific factors. Recovery from malaria
and resistance to reinfection seem to involve conven-
tional immune mechanisms based on specific immune
responses. However, nonspecific effector mechanisms
can participate in the control of infections. The rela-
tive importance of different mechanisms may vary
from one host-parasite combination to another and
needs to be assessed.

ASSESSMENT OF IMMUNE STATUS

Response to sporozoites
Few data are available on immune responses to

sporozoite exposure in persons naturally infected with
malaria. Specific, sensitive, and practical immuno-
logical tests are necessary to evaluate these responses.
The following methods have been used to study

immune responses following sporozoite vaccination:
- protection against challenge-this is the ultimate

measure
- agglutination
- sporozoite neutalization
- circumsporozoite precipitin reactions
- in vivo and in vitro measures of hypersensitivity
- fluorescent antibody methods.
These tests are useful in various animal-vaccine

models, but they have not been evaluated for the
assessment of protective immunity in humans vacci-
nated with attenuated sporozoites. They will have to
be tested, in conjunction with sporozoite vaccine
trials, to evaluate this immune response.

Responses to erythrocytic forms

The fmal measure of the protective immunity to
malaria of an individual or community is the para-
sitological and clinical response to infection. This
applies after both natural infections and vaccination.

It is important to be able to measure the immune res-
ponse in a predictable manner (in the vaccinated
subject) prior to challenge with viable parasites.
Current serological techniques have already been
shown to reflect the immune responses of naturally
exposed populations. The value of these techniques in
estimating a protective immune response following
vaccination is not clear and should be established.

Purification and fractionation of the antigen is
considered essential for improvement of specificity
and sensitivity of the serological assays, as there is not
yet a test system that coincides accurately with protec-
tive immunity in the individual.

Previously, supplies of antigen were a limiting
factor; even now this is still the case for P. vivax and
P. malariae. However, in vitro culture is removing
this limitation for P.falciparum. The conventional
tests, indirect fluorescent antibody (IFA) and
enzyme-linked immunosorbent assay (ELISA), have
used this cultured material in much the same way as
the parasites from infected hosts have been used. It is
necessary to be aware, however, of possible differ-
ences in reactivity between antigens derived from dif-
ferent isolates and after long-term culture. Efforts
should be made to identify those antigenic fractions
that can be used to measure the status of protective
immunity, especially in immunized subjects.

In experimental studies, the absence of a serological
response has invariably indicated that the subject is
not immune to subsequent challenge. However, the
reverse is not true, i.e., the presence of antibody does
not indicate that the subject will be immune to subse-
quent challenge.

In any field trials, the serological status of the
whole population (with regard to malaria) must be
established prior to vaccination. Changes in sero-
logical status between vaccinated and nonvaccinated
groups must be determined.

Responses to gametes
An evaluation of microgamete immobilizing anti-

body and transmission-blocking immunity using
more sensitive tests would be an important prelimi-
nary to any vaccine study with these components.

ETHICAL CONSIDERATIONS IN MALARIA VACCINE TRIALS

The rational development of malaria vaccines will
require a sequence of studies in experimental animals
followed by well conceived, carefullyexecuted, experi-
mental studies on human volunteers, to be carried out
in appropriate clinical research settings. Included
among these may be challenges of subjects treated
with experimental immunogens using homologous

and heterologous strains. Such studies wilI be closely
scrutinized and followed by institutional and other
review committees concerned with investigations on
human subjects, to ensure that all ethical and safety
factors have been met. These factors will include the
scientific merit of the experiments as well as assess-
ment of their risks. Safety considerations include:
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evaluation of the conditions of preparation of test
materials, the presence of undesirable contaminants
in the starting material, the possibility of their intro-
duction during preparation, and the adequacy of
clinical and laboratory support and supervision to
safeguard the welfare of each subject. Additionally,
each experiment should take maximal advantage of
opportunities to obtain scientifically useful data,
including immunological responses and adverse
reactions. The committees should ensure adherence
to research protocols and full and accurate record-
keeping.

NEED FOR HUMAN RESEARCH

Currently, three separate vaccines against malaria
are being actively pursued (i.e., sporozoite, merozoite,
and gamete). The use of human volunteers to develop
and test these vaccines is imperative. Vaccines effec-
tive against separate stages are valid goals and merit
active development. The use of human subjects will
be necessary at various stages in this process and
merits careful case-by-case review by review com-
mittees, with assessmenc of the risks involved versus
the scientific benefits likely to be obtained.

Skilled clinical investigators will be essential to the
success of human volunteer trials. Centres should be
established for the training of clinicians competent in
malaria research.

TYPES OF RESEARCH ON HUMAN VOLUNTEERS

Three general types of research involving human
volunteers may be necessary to achieve the goal of de-
veloping malaria vaccines. The different types or
classes of research must be considered independentl)
because risk-benefit analysis and ethical consider-
ations are widely different for the different kinds of
research. The types of volunteer study that may be re-
quired in the course of malaria vaccine research are:

(a) Trials in man of a defined vaccine that has been
prepared under suitable conditions, that can be
properly defined in terms of content, potency, and
freedom from contamination with extraneous
materials and agents, and that can subsequently be
developed and manufactured for field use.

(b) Immunological experiments designed to answer
specific critical questions regarding protective immu-
nity against malaria, the experimental questions being
of such a nature that studies in animals cannot pro-
vide the required answers.

(c) The use of human volunteers as a source of re-
search materials that cannot be made available from
animal or cell culture sources and that may materially
advance the progress of vaccine research.

The justification for exposing volunteers to some
degree of risk rests, in part, on the concept that alter-
natives to human experimentation do not exist. In the
case of trials of defined experimental vaccines, the
justification is solid and some degree of risk must be
accepted to produce a vaccine. In other types of
research, consideration must be given to alternatives
and the ultimate value of the proposed experiments
must be evaluated.

VACCINE DEVELOPMENT CRiTERIA

Vaccines that are considered for use in man must
meet selected criteria. The criteria to be met should
include the following:

(a) The vaccine may be developed in experimental
facilities; however, the preparation to be used in man
should be produced in licensed facilities dedicated to
the production of vaccines.

(b) Attention should be given to the selection of
candidate drug-sensitive strains of malaria for use in
production that have a documented history of origin
and of passage. The characteristics of the strain
should be defined. A primary seed-lot should be
maintained. The seed should be tested at least by
established procedures to verify the strain integrity
and to show freedom from extraneous organisms.
Well characterized strains should be available for use
in potential challenge studies.

(c) The cellular substrates should be obtained from
sources whose history can be documented. Care must
be taken to ensure that the substrates are free from
adventitious agents and extraneous antigens.

(d) Every effort should be made to utilize reagents
that have been shown to be free from extraneous anti-
gens and adventitious agents.

(e) The final product should be free from materials
known to be harmful for man. Extraneous antigens
known to cause allergic reactions in man should be
excluded. Adjuvants that have not been previously
used in man may be required; if adjuvants are used,
care must be taken to establish their safety in the
population for which the product is planned.

) Tests for potency, in vitro or in vivo, for each
type of vaccine must be established.

GRADATION OF HUMAN STUDIES

A graded series of studies of an experimental
vaccine in man is deemed necessary. These studies
should be done only when additional data cannot be
gained in animals. Studies should be performed first
in adults; however, tests in children wvill ultimately be
required. Injection of experimental vaccines into man
should be undertaken only after investigations in
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animals have shown the preparation to be safe and,
where possible, to be immunogenic. These studies
should be conducted first in small selected groups of
adult volunteers under well controlled circumstances.
Such studies should examine both the safety and the
potency of the products. Subsequently similar studies
should be performed in small target populations. The
next level of investigation should examine the
vaccine's safety and potency in a larger number of
well defined subjects in the target population. Clinical
trials of efficacy will require the administration of the
product in large groups of defined recipients in
defined areas.

FIELD TRIALS OF VACCINE

Ultimately, defined vaccines will require assay for
safety, acceptability and protective effect in human
populations resident in areas where malaria is highly
endemic. While the objectives and overall design of
such trials will vary according to the nature of the
immunogen under test, i.e., merozoite, sporozoite, or
gamete, all wil pose difficult and complex problems
in relation to the conduct of the studies and to the
assessment of results. They will demand detailed,
meticulous planning, clearly defined objectives, and
the creation of an efficient and adequate records
system suited to concurrent analyses of field results.
The services of a statistician widely experienced in the
design and conduct of biological investigations are
essential. Finalized plans will require the approval of
the appropriate ethical committee, and their im-
plementation will require regular review.

Trials will need to be sited in areas where the
endemicity and epidemiology of malaria is known
with precision, and where much imformation exists
concerning the prevalence and incidence of locally
endemic communicable diseases, of rates of mortality
and morbidity, and of nomadic migration patterns. It
is appreciated that baseline studies extending over at
least one year may be required to compile such infor-
mation. Initially, studies should involve small popu-
lation groups, i.e., no bigger than is necessary to
satisfy statistical requirements.
Key personnel in all trials will be clinicians and

entomologists. Clinicians will carry a heavy burden of
responsibility. In addition to the investigation, diag-
nosis, and treatment of nonrmalarial illnesses, they
will be required to assess the prevalence, incidence,
and in some instances the clinical severity of malaria
in vaccinated and unvaccinated individuals. In the
latter instances, the professional acumen and integrity
of the clinician in deciding which malarial episodes
require immediate treatment and which do not, will

be indispensable to the successful conduct of the trial.
He will be required to monitor parasitaemia episodes
on a day-to-day basis and to retain firmly in mind at
all times the interests and safety of his patients. These
are mideed heavy responsibilities and it is recognized
that clinicians may require special training in the
management and care of malarious patients before
participation in any trial.

Entomologists will be required to assess the impact
that experimental immunogens exert upon the ento-
mological indices of transmission in the study area.
Recruitment of experienced entomologists should not
present any special problems since the necessary sur-
veillance techniquies are already well known and well
tested.

All field trials will present an essay in public
relations. Field team personnel should be selected not
only for scientific competence, but also for their
ability to establish harmonious relations with indigen-
ous populations. Investigational techniques should be
selected having in mind their acceptability to study
populations. It is recognized that all field trials will
entail the extensive provision of medical care and will,
in consequence, be expensive and will require very
long-range planning.

NEED FOR WHO GUIDELINES

Malaria presents a severe public health problem in
many tropical regions, and vaccines could be valuable
new tools to improve the control of this disease. The
present state of research and development in inmu-
nity to malaria is such that human experimentation is
essential, not only for trials of potential vaccines, but
also for the identification of immunogenic materials
and the evaluation of immunological responses.
Ethical considerations concerning this experimen-
tation include both the need to protect the human
rights of experimental subjects, and an obligation to
pursue a line of research and development that has a
reasonable expectation of providing considerable
human benefits.
Many of the studies will involve human subjects in

tropical endemic countries. Ethical approval for such
studies must be sought from the individual (informed
consent), from the local sponsoring institution or
community, and from the national authority where
appropriate. Realistic guidelines for ethical approval
must balance risk to individual subjects against ben-
efit to the subject and to the community. Guidelines
for the conduct of international studies carried out
under the auispices of the World Health Organization
should be developed and followed.
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SUMMARY OF RECOMMENDATIONS

The isolation and specific characterization of para-
site antigens free of host tissue, remain important re-
quirements. These antigens would include those that
may be released into the supernatanc during in vitro
cultivation. The isolation of single proteins from
complex mixtures may be facilitated by affinity
chromatography utilizing monospecific antibodies.
These, in turn, could be produced by immunization
of animals with a single precipitation band after gel
diffusion or, more specificaily, by the use of
"hybridoma techniques". The separation and
purification of stage-specifiLc antigens would be facili-
tated if tcehhniques for synchronizing cultures could
be improved and especiaily if some physiological teCh-
niques of synchronizacion were availanle. Furtuer
information is required on tie conrdizions of culEue
that may enicourage maturation tO ganeocytes as this
might then allow isolation and preparatiorn of purii-iec
antigens of mnis sLage as well. The same arguments
hold for in viiro cultivation of the sporogonic stages.
Work should contlnue on in vltro clUtIVaUon of other
malarial species for similar reasons.
Once antigenic determinants of a stage of the para-

site have been ve1l characterized ole could determiiine
whether arny signiticant variation in these antigens
occurs iii different isolates, or after prolonged in viiro
cultivatior, or repeated animal passage. If such vari-
ation does occur. then one needs to assess whether it
has aiy relevance to either protection or epidemio-
logical studies. Before the significance of ary arnugenic
differences can be inteipreced more information is
needed on the optimum preparation and storage con-
ditions, both for viable parasites and for (puntied)
parasite antigens. It is imporLant to assess whether
changes in, or disappearance of, Ltlese antigenic deter-
miinants would occur afier proionged storage and
under what coiiditions. Standard tecnniques of cryo-
preservation could then be introduced and a bank
established for the effective preservation of isolates
and preparations.

Alternative technlques of antigen production,
instead of isolarion from the parasites, remnain a rela-
tively ulnexpiored area. The use of parasite messenger
RNA or of recombinant DNA tecthniques would
obviate manly of the problems or parasite purification
and separation from host tissue.
The reievance of different anugenic preparations to

protecTive inmunity is of nlajor significance. Obvious
candidate antigens to be tested-when isolated-are
those surtace aIntigens that are stage- and sptcies-
specific. Protective iminunity is stage- arna species-
specific and it is these surface antigens that are
exposed most readily to the effector arm of the im-

mune response. The description and characterization
of these antigens would be a major advance. This
applies not only to the antigens of the erythrocytic
stages but to the sporozoite antigens responsible for
the sterile immunity that may be seen after appro-
priate sporozoite immunization.

It has proved necessary in most expenments to
increase the immunogenicity of an antigenic extract
by the use of Freund's complete adjuvant (FCA).
Potentially suitable adjuvants for vaccination of
hurnans are urgenliy required. An estimnate of their
efficacy in arnimais should preferably be made with
FCA as a reference comparison.
The use of attenuated parasites definitely remains a

possible avenue of approach to vaccination, especially
iIi view of the soccess of this rodte with irradiated
sporozoites. The staDility of thtse attenuated prep-
arations will require careful evaiuation for this aspect
has, in part, retarded further progress.

Given the restricted supplies of Aolus and rhesus
monkeys, models using other nonhuman primates
should be developed to facilitate testing of vaccines. It
is important these these aniInals should be capable of
being reared under laboratory conditions.
Many aspects of tne ininunoiogical responses to

plasmodial species have been studied in animals and
man, but there is a particular need for tests to defme
and measure the responses underlying protection.
The tesL for measurement of wide-spectrum humoral
immune responses (e.g., IFA, THA, ELISA, RIA)
have beeii widely developed, although they require
standaidization, but assays for specific cellular
inmmune responses to malaria antige;Ls have been Little
used and deserve more attention. Immunological tests
are aLso needed for tne epidenlioogical assessment of
malaria, especially in enidemic areas. These tests do
nor have to relate to protective immunity. The tech-
nical procedures are, in principle, well established but
becter definied antigens ar.d antisera are needed for
these testS to improve both their sensitivity and their
specificity.

In addition there is a need for more centres in
malaria enaiemic areas to be equipped for these tests
and for pezsomiiiel to be trained in theii use. Provision
of adequate supplies of antigen would be an essential
prerequisiLe for such centres.
A possioie correlation beLween specific cellular

immunity to parasite antigenis anid protection against
malaria in arimaals and humans after both infection
and vaccination should be explored, using several
assay sysLeMs. Further basic studies are required to
define tho3e subpopulations ofT cells that appear tO
be of inmportance in malaiia resistance. Animals
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depleted of, or enriched with, specific T cell subsets
would help in these studies. Nonantigen specific
immunity to malaria bas been studied in mice but not
in primates. It would be of interest to assess the
activity of "natural killer" cells in different human
populations as well as during the course of malaria
infections. It has been suggested that intracellular
death might be an index of this nonspecific activity
and this should be looked for in human and primate
malaria. Macrophages can have both stimulatory and
inhibitory effects on the immune response. Their role
in human and experimental plasmodium infections
appears signilficant but requires much greater defi-
nition.
The reverse problem, i.e., the effect of malaria

infections on the immune response, must also be con-
sidered. There is still a need for controlled studies to

document more clearly the nature and importance of
immunosuppression in malaria. Fractionation of
plasmodial antigens might reveal a separation of
helper and suppressor effects on the in vitro immune
responses (which would be of importance in the con-
struction of a vaccine).
Any trials of a potential vaccine can be set only in

areas where the endemicity and epidemiology are
known with precision and where baseline studies have
been carried out over the preceding years. The poten-
tial epidemiological impact of vaccines can be esti-
mated in mathematical models using varying vaccine
parameters.
The development of realistic guidelines for ethical

approval of the conduct of such international vaccine
studies must be encouraged.
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