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Future orientation of research
The following work programme was a result of the

discussions of the biology and in vitro cultivation
workshops. Many of the points are interrelated and
no attempt has been made to determine research
priorities. For instance, improved techniques for the
separation and fractionation of parasites would ad-
vance the fields of both membrane characterization
and parasite metabolism. In addition, although the
erythrocytic, exoerythrocytic, and sporogonic stages
are dealt with separately for convenience, it should
not be forgotten that they are one part of a contin-
uous life cycle and cell line. Therefore they have
important characteristics in common, e.g., the pre-
sence of an apical complex at the initial stage of each
part of the developmental cycle-the ookinete, the
sporozoite, and the merozoite-as well as differences
in both metabolism and site of development. The
role of common features and differences should be
considered when studies are made on the factors
causing differentiation at each stage of the life cycle.

PARASITE INVASION

ERYTHROCYTIC STAGES

The studies outlined below should relate to several
species of parasite with specificities for different
erythrocytes, since the reasons for complementary
interactions, or alternatively the inability of mero-
zoites to invade erythrocytes, should become in-
creasingly apparent.

Within the host species the studies should relate to
the genetic basis of merozoite preference for erythro-
cytes of different ages and of different antigenic
compositions, e.g., the possible role of Duffy blood
groups.
Methods should be developed to facilitate studies

on the sequence of events involved in cell invasion,
including, if possible, ways to increase the viability of
merozoites in vitro.

Interaction of merozoite surface coat and erythrocyte
cell membrane

Detailed biochemical, biophysical, and immuno-
logical studies should be made on the nature of the

merozoite surface coat and its interaction with com-
ponents of the host erythrocyte membrane, since this
is critical to an understanding of invasion. These
studies should include:

1. Ultrastructural studies using membrane probes
on the merozoite surface before and at penetration
and after removal of the surface coat; parallel
studies on the erythrocyte membrane at and around
the point of penetration.
2. Biochemical and biophysical characterization of
the merozoite surface coat and membrane and of the
erythrocyte membrane; the effects of enzymes, inhib-
itors, and specific ligands (including antibodies) on
the function and interaction of these surfaces during
penetration. Attention is drawn to the possible role
of the histidine-rich protein described in Plasmodium
lophurae and P. falciparum.
3. Immunological studies. Antigenic specificity of
the surface coat components, in situ and after re-
lease, of merozoite membrane antigens and of inter-
nal antigens should be determined and related to
those antigens present in other stages of the cell
cycle and life cycle. The specificity of T cell and
B cell (antibody) response should be considered.
4. Submembrane components (microtubules, spec-
trin, and actin) of merozoite membranes, which may
be involved in parasite motility and penetration, and
of the erythrocyte membrane, which may be modified
during penetration, and the initial formation of the
parasitophorous vacuole should be characterized.

Internal structure of the merozoite

Ultrastructural studies, particularly at high resolu-
tion, should continue on the structure of the mero-
zoite and the process of dedifferentiation and reor-
ganization accompanying penetration. Particular at-
tention to the rhopteries and micronemes is desirable.

Biochemical and biophysical studies on the intern-
al components of the merozoite should be made.
The localization and synthesis of the unusual histi-
dine-rich protein reported in P. lophurae and P. fal-
ciparum, and its effects on the erythrocyte, should be
pursued. These studies should be made in conjunc-
tion with ultrastructural studies. Methods of liberat-
ing the contents of rhopteries by artificial means or
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isolating rhopteries and micronemes by subfrac-
tionation are required.

Studies on the internal antigens of the merozoite
should help investigations on the specificity of sur-
face components and the development of immuno-
logical probes for biochemical and ultrastructural
investigations. The possible immunogenic and anti-
genic properties of the rhoptery-microneme prod-
ucts require investigation.

Chemotherapy

Attempts should be made to investigate chemo-
therapeutic interference with invasion, e.g., by alter-
ing the surface coat or inhibiting the secretion of the
rhopteries, both of which are assumed to play an
active role in invasion.

OTHER STAGES

The above-mentioned techniques should be ap-
plied to studies on the surface membrane of the
sporozoite stages, but methods for the production of
ookinetes in larger quantities are required before
they can be applied to the invasion stage present in
the mosquito.

MEMBRANE CHARACTERIZATION

The broad area of membrane characterization is
inseparable from the other subjects, in particular
parasite invasion, isolation, and metabolism, which
have been considered in this workshop. The work
programme outlined below essentially covers two
important topics that could be approached by cur-
rently available methods: the isolation and purifica-
tion of the various membrane components, and a
comparison of the structural and functional differ-
ences between infected and uninfected host cells.
These topics are relevant to all stage of the life cycle
of the malarial parasite, but the programme concen-
trates solely on the characterization of membranes
from the erythrocytic stages, since methods are not
yet available for the production of other stages of
the life cycle in sufficient quantities to make such
studies practicable.

Metabolic changes undoubtedly occur during the
whole life cycle of the parasite. These changes occur
not only during different stages of parasite develop-
ment, but also during the cell cycle of a particular
stage. Therefore, even with studies on the erythro-

cytic stages, account must be taken of the cell cycle
and the degree of synchrony of the infection used
as starting material in membrane studies.

ISOLATION AND PURIFICATION OF

THE MEMBRANES OF INFECTED ERYTHROCYTES

A major effort should be made to isolate the
various membrane components of the infected cejl
for biochemical, immunological, and biophysical
studies. Markers specific for the various fractions
should be sought with existing techniques, e.g., lacto-
peroxidase labelling, lectin binding, and immuno-
labelling, and new methods devised when neces-
sary. Studies should be correlated with electron
microscope observations, and with freeze-fracture
and cytochemical techniques where possible. The
erythrocyte plasma membrane, parasitophorous va-
cuole membrane, and parasite membrane could be
characterized by the sequential application of tech-
niques with reliable membrane markers during frac-
tionation of the infected erythrocyte by physical
methods.
The changes in these membranes occurring during

the cell cycle of the erythrocytic stages should be
identified.

Further studies are required on the formation and
enlargement of the parasitophorous vacuole, partic-
ularly to determine the possible insertion of parasite
material, e.g., by selective incorporation of radio-
active precursors (amino acids and fatty acids) and
freeze-fracture studies on temperature dependence of
intramembraneous particle distribution. Such studies
would be applicable also to the erythrocyte plasma
membrane of infected cells.
The relationship of membrane characteristics to

antigenicity of the parasitized erythrocyte should be
determined.

COMPARISON OF STRUCTURE AND FUNCTION

OF INFECTED AND UNINFECTED CELL MEMBRANES

The erythrocyte plasma membrane from infected
and uninfected cells should be compared by the bio-
chemical, cytochemical, and immunological methods
outlined above.
The possible insertion of parasite glycoprotein

into the erythrocyte plasma membrane of infected
cells should be investigated further. Particularly the
possible presence of glycosyltransferases and glycosi-
dases in infected cells should be investigated to
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determine whether the parasite can synthesize its
own glycoproteins or glycosylate host cell proteins.

Labelling studies as described above should be
combined with assays of the release of surface glyco-
peptides and other proteins by intact parasitized cells
and by enzymatic pretreatment, e.g., by trypsin and
chymotrypsin, of intact cells, in attempts to define
the antigenicity of the altered host-cell surface.
Attempts should be made to identify antigens on

the surface of infected erythrocytes by freeze-etching,
immunoferritin labelling, and autoradiographical
techniques.
The function of Schuffner's dots and Maurer's

clefts, which are found in infected erythrocytes of
certain species, should be characterized and identi-
fied.
Comparisons should be made between the mem-

brane characteristics of infected cells obtained from
cultures and those grown in vivo, since cultured
parasites may be used as a source of antigen for
vaccination studies.
The role of lipid metabolism, e.g., cholesterol

and phospholipids, should be investigated, particu-
larly in relation to membrane formation in infected
cells. The role of altered lipid metabolism, plasma
components, and parasite synthesized substances
should be examined with respect to haemolytic
phenomena in malarial infections.
Attempts should be made to correlate permeabil-

ity changes in the erythrocytic plasma membrane of
infected cells with physical changes such as glycopro-
tein loss or the appearance of new glycoproteins.

Further studies should be made on the amino acid
transport systems and transmembrane ion gradients
in parasitized cells, by means ofamino acid analogues
and ionophores.

Studies should be made on the uptake of amino
acids, purines, and pyrimidines in parasites comple-
tely free of erythrocyte membranes, most previous
studies having been performed with parasites con-
taminated with host cell membranes.
A comparison should be made of the membrane

differences between strains sensitive and resistant to
drugs, particularly chloroquine. The identification of
chloroquine receptors should be pursued.

Studies should be made on the proteolytic activity
of membrane preparations from infected cells and
the possible role of proteolysis in the observed
glycoprotein and peripheral protein changes in the
erythrocyte plasma membrane. This has particular
relevance also to chloroquine sensitivity.

PARASITE METABOLISM

The main emphasis of the suggested work pro-
gramme on the metabolism of malarial parasites is
on the erythrocytic stages, since as yet only these
stages are obtained in sufficient quantities for bio-
chemical analyses.

This programme is not meant to be a complete list
of possible investigations, and in any event many of
the aspects considered under parasite invasion and
membrane characterization are also relevant to para-
site metabolism. Unfortunately, many of the studies
will have to be made on parasites obtained direct
from the hosts, and therefore from a highly variable
environment. But obviously it is preferable to make
biochemical studies on parasites grown under con-
stant conditions, and so it is important to develop
methods for the large-scale production of highly
parasitized blood in vitro. This is particularly impor-
tant in respect of P. falciparum, of which large
quantities cannot be obtained routinely from the
host.
More attention should be paid also to the meta-

bolism of other stages of the life cycle, particularly
the exoerythrocytic stages. However, methods for
the cultivation of large quantities of parasites grown
in vitro must be developed for this to occur.
A constant problem throughout biochemical stud-

ies on all stages of the parasite is the purity of the
parasite preparation. Much more consideration
should be given to assessing the purity of parasite
preparations, by using appropriate markers to detect
contamination with host material and the breakage
of parasites during preparation.

CARBOHYDRATE METABOLISM

Carbohydrate metabolism should be investigated
in more detail through the cell cycle, in order to give
a more complete picture of the production of energy
by the parasite and to balance the utilization of
glucose and the production of end-products.

NUCLEIC ACID SYNTHESIS

Particular attention is drawn to the following
aspects.

Purine salvage pathway
The enzymes of the purine salvage pathway should

be characterized further in an attempt to find differ-

423



FUTURE ORIENTATION OF RESEARCH

ences between host and parasite enzymes. This would
aid the rational development of drugs to inhibit the
critical steps in this pathway. Further details of the
regulation of the uptake of nucleosides and bases
into the infected erythrocyte and of the metabolic
routes involved should be determined.

Pyrimidine synthesis
The synthesis of pyrimidines de novo by the mala-

rial parasite and their inability to use preformed
pyrimidines suggests that drugs directed against this
pathway should be developed. Such drugs would not
need to be completely selective, since the host could
be protected with preformed pyrimidines. As only
one enzyme of the pathway for pyrimidine synthesis
has been positively identified, the enzymes of this
pathway should be further isolated and character-
ized.

DNA synthesis
The synthesis of DNA should be further studied

to confirm the periodicity of synthesis during the cell
cycle and to determine the source of precursors,
particularly deoxyribose.

RNA synthesis
The preliminary observation that malarial RNA

polymerases might differ from those of other euka-
ryotes should be investigated further when the im-
provement in parasite fractionation procedures al-
lows the production of relatively clean nuclear prep-
arations from malarial parasites.

PROTEIN SYNTHESIS

Further studies should be made on the synthesis of
proteins in intact cells and in cell free systems,
particularly with reference to antigen production
and the synthesis of membrane proteins.

LIPID METABOLISM

Further studies on lipid metabolism of the infected
and uninfected erythrocytes from the infected host
are required (see also under Membrane characteriza-
tion, page 422).

ENZYMES, COFACTORS, AND VITAMINS

Hydrolases
The reliable characterization of proteases from the

malarial parasite is required, since this will aid in
confirming the hypothesis that haemoglobin diges-

tion is by a lysosomal-like mechanism. In addition,
such studies will help to explain the mode of action
of chloroquine, which is concentrated in the food
vacuole.

Cofactors and vitamins
Studies should be made to determine if biosynthe-

tic lesions analogous to the requirements of P. lophu-
rae of CoA from the host erythrocyte are present in
other species of malarial parasite. The use of ery-
throcytes with known enzyme deficiencies should aid
these studies, particularly since the recent achieve-
ment of continuous cultivation of P. falciparum in
vitro.
The dependence of the parasite on various exoge-

nous cofactors, e.g., CoA, should be exploited for
the development of antimalarial drugs, possibly by
the use of cofactor analogues.

There should be further investigations on folate
cofactor biosynthesis, particularly regarding the
reactions following the formation of N5-tetrahydro-
folate, since this will determine whether the thymi-
dylate pathway is the only folate cofactor function in
malaria and may help to unravel some of the
apparently contradictory evidence on the mode of
action of pyrimethamine.

DRUGS

Efforts should be made to develop new drugs, as
well as to determine the modes of action of those
already in use, especially chloroquine. It is particu-
larly important to determine the mechanisms of
resistance of parasites to drugs, and these should be
studied, especially in recently isolated P. falciparum.
Many more drugs should be available in radio-

labelled forms in order to facilitate studies on the
uptake, distribution, and mode of action of drugs.

PARASITE PREPARATION
AND ISOLATION

Further development of separation techniques for
all stages of the parasite should be encouraged,
because many other investigations depend on this
technology. Support should be given to improving
existing methods and promoting studies that exploit
membrane differences between host and parasite for
the purpose of separation, e.g., by affinity chromato-
graphy.
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None of the methods currently available for free-
ing parasites by host cell lysis is entirely satisfactory,
and further investigations should be instigated.
These investigations should include the further de-
velopment of existing procedures. For example, the
work on selective vesiculation of membranes by
physical and chemical methods should be investi-
gated further, since there is an urgent need for
methods to isolate the various membranes of infected
erythrocytes.
Methods should be developed for the subfraction-

ation of membrane or organelle preparations by
physical means, such as rate-zonal and isopycnic
(equilibrium) centrifugation in polymer density gra-
dients, free-flow electrophoresis, and possibly poly-
mer phase partition, based on the Albertson tech-
nique.

Additional efforts are needed to investigate further
and to improve the reproducibility of culture systems
designed to provide merozoites by natural release
from schizonts.
Work on the separation and purification of game-

tocytes and sporozoites should be continued.
It is essential that significant findings should be

confirmed in the same and other systems, both to
promote cooperation between laboratories and to
determine if the finding has a general application.
More than a single laboratory should be encouraged
to conduct research on the same basic problem to
achieve prompt confirmation of new methods.
One or two host-parasite systems should be sin-

gled out as suitable for intensive investigation by
several groups of workers; these systems need not be
the same for different types of investigation. In view
of the cost and scarcity of primates and the advan-
tages of well-defined host-parasite model systems,
non-primate hosts or continuous culture methods
should be used whenever appropriate.

It is essential that, in addition to the method of
preparation, workers should specify the stage of
parasite on which they are working and the propor-
tions of various stages in asynchronous populations.
The intracellular or extracellular condition of the
parasite should be specified and the source of the
parasites and details of some characteristic marker
should be given. In cultures of erythrocytic forms,
the age, type, and source of erythrocytes should be
described. Likewise, microbial and mosquito conta-
minants in sporozoite preparations should be moni-
tored. Results obtained from appropriate assays of
markers for proteolytic activity or parasite disruption
during preparation and isolation should be presented

adequately so that others can evaluate the quality of
the preparations used.

STRAIN DIFFERENTIATION

Genetic studies on malarial parasites should be
extended along the following lines. Further informa-
tion should be obtained on the biological character-
istics of malarial parasites, such as antigenic proper-
ties, drug-response, characteristics of infection, and
transmission.

Further studies on the genetic relationships be-
tween the major malarial parasites of man, P. falci-
parum and P. vivax, should be carried out on a
global basis with biochemical taxonomic techniques.
Both DNA buoyant density centrifugation and

DNA hybridization techniques should be exploited
to investigate the relationships between the genomes
of malarial parasites of various origins. Special
attention should be paid to DNA hybridization
studies, since this is the more sensitive of the two
techniques.
Enzyme electrophoresis should be used to study

the detailed genetic relationships among malarial
parasites. This technique is particularly suitable for
the analysis of a large number of parasite samples.

Extensive surveys of enzyme variation in malarial
parasites should be carried out with the enzymes
already shown to be suitable, i.e., glucosephosphate
isomerase (EC 5.3.1.9), lactate dehydrogenase (EC
1.1.1.27), phosphogluconate dehydrogenase (EC
1.1.1.43), and NADP-dependent glutamate dehydro-
genase (EC 1.4.1.2). In addition, a major effort
should be devoted to finding additional enzymes that
could be exploited in this type of study with malarial
parasites.

In addition to DNA and enzyme analysis, research
into the application of other molecular techniques,
including immuno-taxonomic procedures and cha-
racterization of molecular components of cells,
should be encouraged. Among these approaches, the
use of specific antisera prepared against variant
parasite enzymes should be considered.

Particular encouragement should be given to con-
ducting this work in established research centres in
endemic areas where a source of parasite material is
readily available.

In order to standardize methods, it is recom-
mended that a laboratory should be designated as a

central reference laboratory and repository of refer-
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ence material. Any suspected new variant should be
sent to the central laboratory for typing.
The central reference laboratory should prepare

and distribute practical instructions for the collec-
tion, preparation, and preservation of parasite mate-
rial from the field.
The central reference laboratory should also serve

as a training centre for research workers from
endemic areas.

CULTIVATION TECHNIQUES

ERYTHROCYTIC STAGES

Recent advances in the cultivation of the erythro-
cytic stages have been made with P. falciparum. This
species is of prime importance, since it causes the
most serious form of the disease in man. However,
many of the principles alluded to below can be applied
to the cultivation of other species of malarial parasite
infecting man, e.g., P. vivax, and also parasites not
infecting man, in which research is not yet as
advanced.

Techniques should be developed by which higher
levels of parasitaemia and greater volumes of cul-
tured material of P. falciparum can be maintained in
vitro. Control of the pH of the culture medium,
which is one of the major limiting factors for growth
at higher levels of parasitaemia, may be possible by
the development of more efficient perfusion tech-
niques and better buffers. This would facilitate the
use of cultured material for biochemical investiga-
tions and antigen production.
The biochemical and immunological characteris-

tics of the malaria parasite during long-term cultiva-
tion in vitro should be tested, since it is not known
whether the parasite adapts itself to continuous
growth in vivo. This has obvious significance, both
for the use of cultured material in antigen produc-
tion, and for gaining a better understanding of the
factors involved in the cultivation of P. falciparum
and other malaria parasites in vitro.
Attempts should be made to determine the extent

of variation in the growth characteristics of various
strains of P. falciparum during continuous cultivation
in vitro, and to determine whether such differences
are attributable to stable biochemical characteristics
of each strain.

Efforts should be made to induce synchronous
growth of the parasites in vitro by such methods as
periodic fluctuations of growth factors, temperature,

hormone levels, oxygen levels, and the maintenance
of parasites in erythrocytes of similar ages.
More information is required on the cellular and

biochemical factors contributing to the variation of
the innate ability of erythrocytes from various
donors and of various ages to support the growth of
P. falciparum in vitro. A possible result of such
studies might be the recognition of specific markers
by which one could predict the ability of a batch of
erythrocytes to maintain growth of the parasite in
vitro.
Attempts should be made to increase the viability

of merozoites produced in vitro. Media similar to
those developed for the cultivation of cell-free
P. lophurae, and containing erythrocyte extract, high
potassium levels, and phosphorylated compounds
may be more supportive than media used previously
to maintain merozoites during preparation.
More information is required on the serum or

plasma factors required for the optimum develop-
ment of P. falciparum in long-term cultivation. It
should be determined whether homologous serum is
essential for optimum growth or whether it can be
replaced by heterologous serum or by homologous
or heterologous plasma or plasma fractions. At-
tempts should be made to find non-human serum
replacements because of the potential hazards of
working with human sera.
The possible long-term effects of gentamycin sul-

fate and other broad-spectrum antibiotics on long-
term cultivation should be investigated, since they
must be used in certain working conditions or
special situation.
Attempts should be made to grow the human

malaria parasites, P. vivax and P. malariae, and also
the rodent species P. chabaudi and P. berghei, in
continuous cultures, since such studies have direct
relevance to both chemotherapy and immunology.
The ultimate goal should be the axenic cultivation

of P. falciparum and/or other mammalian malaria
parasites.

EXOERYTHROCYTIC (TISSUE) STAGES

Avian systems

As methods of cultivating exoerythrocytic stages
of avian malarial parasites currently exist, the full
exploitation of these systems in vitro and in ovo
should be realized, especially in the following areas.

1. Clarification of basic biological phenomena in
the relationship of the exoerythrocytic malarial para-
site with its host cell-e.g., understanding the mem-
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brane relationships, particularly as they relate to cell
invasion, and defining nutritional requirements.

2. Comparative studies, including morphology,
biochemistry, and immunology between the different
stages in the life cycle of the malaria parasite.

3. Isolation, production, and analysis of antigen
for consideration as a possible vaccine.

4. Evaluation of possible tissue schizonticides for
efficacy and toxicity. This work would be aided by
the development of methods of quantifying the
effects of drugs.

5. An improvement and expansion of existing
tissue culture systems, e.g., by establishing tissue
stages of P. gallinaceum.

Mammalian systems

Additional tissue culture systems need to be devel-
oped, especially if tissue stages of mammalian para-
sites are to be studied. Research efforts in this area
should include:

1. An improvement and expansion of existing in
ovo systems for use with other species of malarial
parasite.

2. The development of mammalian tissue culture
systems to support mammalian parasites and me-
thods of establishing primary mammalian tissue
cultures.

3. An examination of host cell specificity of the
exoerythrocytic stages to determine whether para-
sites will grow in hepatocytes other than those of the
normal host species and in tissue cells other than
hepatocytes.

Axenic systems
The ultimate goal in malaria cultivation-still far

from being achieved-is the propagation of exoery-
throcytic parasites in the absence of a supporting
tissue culture system. Recommendations for the
axenic culture of these stages would be appropriate
once the exoerythrocytic forms of mammalian mala-
rial parasites had been cultivated successfully.

SPOROGONIC STAGES

Further studies are required on gametocyte induc-
tion and maturation in vitro. These studies should be
pursued to provide larger quantities of viable game-
tocytes for a potential anti-gamete vaccine, which
has been demonstrated recently to be effective in
blocking mosquito transmission in avian malaria.

Since it is not possible yet to produce functionally
mature gametocytes in vitro, studies should first be
made on the production of ookinetes from gameto-
cytes grown in vivo. Information derived from these
studies could be applied to in vitro systems when
applicable.
The ability of ookinetes to develop into oocysts in

vitro should be investigated by means of a variety of
established insect tissue culture media together with
cell lines and other modifications. An empirical
approach similar to that adopted by Hirumi and his
co-workers in cultivating Trypanosoma brucei could
be used.
Although the empirical approach may prove valu-

able in growing the sporogonic stages in vitro, the
rational approach should not be abandoned. Little is
known about the physiology of anopheline mosqui-
tos and the factors that initiate each stage of devel-
opment of the parasite within the mosquito. More
information should be obtained on these subjects
with a view to developing a suitable culture medium.
Methods should be perfected for producing ooki-

netes free of contaminating material, e.g., erythro-
cytes and other blood cell components, since these
may prove to be deleterious to subsequent oocyst
development.

Further information is required on the factors
necessary for the complete development of infectivity
and immunogenicity of sporozoites. In addition,
more precise methods of evaluating the infectivity of
sporozoites should be investigated.

APPLICATION OF CULTIVATION
TECHNIQUES TO IMMUNOLOGY

P. FALCIPARUM

Antigenic stability
In order that immunological studies may be inter-

preted properly, it will be necessary to establish that
parasites grown in vitro do not differ antigenically in
important ways from those of the blood infection
from which they originated. Tests likely to be of
value are gel diffusion, schizont-infected cell aggluti-
nation, and inhibition of merozoite invasion. Anti-
gens obtained from parasites grown in vitro and in
vivo should be compared, as well as antisera raised
against these forms.

Prior cloning of the parasites by dilution and
growth in vivo should be carried out if possible.
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Clones should be characterized by isoenzyme pat-
terns, drug susceptibilities, and/or other markers, as
well as by their antigenic characteristics. Homo-
geneous populations of plasmodia of different strains
should be prepared from isolates by such methods
and identified by their geographical origins, date of
isolation, and name of donor. Detailed passage
records of such isolates should be kept.

Analysis of antigens

The antigenic variability of malarial parasites
makes it desirable to carry out antigenic analyses on
cloned populations of P. falciparum grown in vitro.
The specificity, location, and appearance of antigens
during the cell cycle should be analysed. In relation
to protective immunity, antigens present on the
surface of schizont-infected cells and merozoites
deserve particular attention, since these are exposed
to immunological attack by the host.

Assays based on the ability of antigens to absorb
merozoite-inhibitory or other protective antibodies
should be developed. Such assays would indicate the
relevance of various antigenic fractions for further
purification.

Reliable methods that will separate the various
parasite stages are required, since parasite develop-
ment in vitro is asynchronous.

Cellular interactions

Attempts should be made to co-culture lympho-
cytes and macrophages from immune hosts with the
erythrocytic stages of P. falciparum to investigate
possible cytotoxic effects on the parasite. The proces-
sing of malarial antigen by macrophages requires
further investigation.

Epidemiological studies

It seems likely that continuous cultivation can
provide suitable material for serological tests such
as the ELISA and FAT.
The potential use of cultured material for more

precise analysis of antigens should be investigated
with a view to determining the degree to which
cultivation in vitro has a selective action on antigeni-
city. Antigenic equivalence of material produced in
vitro and in vivo would permit an expansion of
seroepidemiological studies with antigen from the
new source.

Tests such as those outlined above under Antigenic
stability are likely to be useful in investigating the
distribution of various antigenic types of parasite in
endemic areas.

The transformation of peripheral blood lympho-
cytes in response to antigens from various isolates
grown in vitro should be investigated.

Immunization

The utilization of current methods of in vitro
cultivation of P. falciparum should make it possible
to obtain sufficient material for investigations on
experimental immunization.

Attempts should be made to attenuate P. falcipa-
rum, since attenuated parasites might be effective
immunogens.

Systematic studies should be made to determine
the optimum methods of cryopreservation of para-
sites for use as immunogens.

In the short term, animal models should be used
to establish the most effective method of immuniza-
tion with cultured parasite material treated in vari-
ous ways and given with and without adjuvants by
various routes. The adjuvants used should be those
currently acceptable in man, e.g., alum precipitates,
BCG, or B. pertussis. The degree and specificity of
protection should be established, considering that it
need not necessarily be assumed that absolute pro-
tection against challenge is necessary or even desir-
able, but avoidance of pathological levels of parasi-
taemia should be sought.

OTHER SPECIES OF HUMAN MALARIAL PARASITE

The points outlined above for P. falciparum will
be equally applicable to other species of human
parasite if and when these can be grown continuously
in vitro.

OTHER PLASMODIA

Simian malaria parasites

P. knowlesi lends itself to the analysis of antigenic
variation. Clones of this parasite should be used to
raise known monospecific antisera; the nature and
induction of antigenic variation should be investi-
gated in vitro.

Rodent malarial parasites

The cultivation of rodent malarial parasites in
vitro could advance studies on antigen processing by
macrophages, lymphocyte stimulation, and subpop-
ulation interactions, and the induction of protective
immunity to malaria.
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APPLICATIONS OF CULTIVATION
TECHNIQUES TO CHEMOTHERAPY

Methods should be developed for the production
of viable gametocytes in order to study the gameto-
cytocidal, gametocidal, and sporontocidal action of
drugs.
Methods should be developed for the continuous

cultivation of erythrocytic forms of P. vivax and
P. malariae for selective primary screening of anti-
malarial compounds.

Culture methods developed should be used to
study the mode of action of drugs and drug resis-
tance in P. falciparum.

Methods should be developed for the cultivation
of P. berghei, particularly for the study of drug-
resistant strains.

Current cultivation techniques should be used to
study the relationship between the parasite and host
cell to promote the rational development of new

drugs.
The culture methods so far developed should be

used for testing new systems of drug delivery, such
as prodrugs and liposomes.
Attempts should be made to improve the Rieck-

mann test for drug sensitivity of P. falciparum and
for future application to P. vivax in the field.
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