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THE PRESENT STATUS AND ORIENTATION OF BASIC MALARIA RESEARCHl

1. INTRODUCT ICON

Since its ewxistence, the World Health Organization has been sctively engaged in
promoting and coordinating research in malaria covering the fields of fundamental and
applied research. These research activities were planned, reviewed and ceoordinzted by
the Division of Malaria and other Parasitic Diseaaes or its preceding services.

In the late fifties, the general trends in the field of malaris research were
mainly related to the gradual building up and progress of malaria eradication. Earlier
interest concentrated on the technical problems of application of residual insecticides,
the assessment of the duration of aectivity of various formulations, the sorptive action
of surfaces on which insecticides were sprayed and the development of technical equip-
ment, With the advent of insecticide resistance of malaria vectors and paraszite
resistance to antimalarial drugs, these arcas received increasing attention,

However, throughout the world, support of bhasic malaria research was dwindling
away a1t a dapgercous rate and, at one time the very source of new tools and approaches
to walaria ¢ontrol was nearly dried up. HRenowed swareness of the threat posed by malaria
and its alarming resurgence in areas which had been freed from the disease, topether with
recognition of the inereasingly difficult technical problems confronting malaria control
have bhrought about & new interest in malarta research,

1. RATIONALE

Like any other biological system, malaria and its transmission lend themselves to
interference in practically every part or phase of the system, given the appropriate
means.

The main pillars of antimalarial operations remain to be vector control using
residual insecticides and antilarval measures, chemotherapy, and chemoprophylaxis.
The choice of the appropriate tools depends on the objective of the antimalarial
operations, the epidemiological =situation, the environmental structure of the area, the
available resources, in terms of funds, personnel and lopistics and, last but not least,
the presence of technical problems such as insecticide resistance or exophilic habits of
mglaria vectors, parasite resistance to drugs, and population movements or habits
which may invelidate the use of particular approaches,

As yet the range of financially and technically feasible means and methods of
interference is quite limited, compared to the potential range of intervention., Apart
from the risk of becoming ineffective the means and methods at present employed for
the control of malaria would appear to be guite coarse compared to potential future
approaches which may provide more effective -and envirommentally more acceptable
weapons against the disease as, for instance, through subtle modifications of cellular
receptivity to parasite invasion.
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11T, OBJECTIVES

The primary objective of WHO sponscred research in melaris is the promotion of the
betlter utilizatien of existing tools and methodologies and the development of new tools
and approaches for the control of malaria, in order to enable the malarious countries
of the world to curb mortality and suffering from the disease, to reduce its prevalence
and eventually to eliminate it altogether. This implies a determined affort in
laboratory and field research in areas such as the biolegy, including the in vitro
cultivation of malaris parasites, chemotherapy, immunology and immunodiagnosis,
cpidemiology, aspects related to the malaria vector and malaria control operations.
Such research will demand an inecressingly multidiseiplinary approach and will often
acquire a transdisease character, especially in the fields of basic biology and epldemio-
clogy. The research e¢ffort will have to invelve the developing ¢ountriez to a far
greater extent than in the past in order to emnsable them to build up their own research
capacity for deeling with their health priorities, among which malaria and other
parasitic disesgses usually take a prominent place.

IV. WHO SPONSORED RESEARCH

While spplied research, through 2 number of spocial field projocts, was and still
is largely financed by the Organization, fundamental research was until recently
dlmost exclusively carried out under collaberative agreements with the institutes con-
cerned.  Here the WHO contribution often constitutes only a small fraction of the
dactual ameunts spent in the particular research line, the bulk of financial allacations
coming from the institufes’ budget or other grants, It is not rare that the ratio of
WHO @ other input, is of the order of 1:20 or more. Thus, the slender rescurees of the
Organizetion devoted to collaborative research in malaria, recently of the order of
approximately US $100 - 150 000 per year, have helped to harness substantially greater
national and foundation resources to a high priority activity. This sum containg zlso
allocations for WHO Collaboresting Centres which provide techniecsl standards and
flandardized biclogical material and reagents to a considerazble pumber of other research
institutes,

Although these researeh activities preduced appreciable and important results it
wag roalized that the operational and technical constraints of malaria control would
require urgent solutions whieh could ohly be obtained through ap acceleration and
intensitication of basic and field research, The same situation exists in other
mz jor tropilcal diseases. A WHO Special Programme for Research and Training in Tropical
Diseases has therefore boen established recently, whose aims are identical with the
chijectives mentioned in chapter II. The Special Programme puts a major emphasis on the
building up and strengthening of research capability and capacity in the developing
countries. In keeping with its objectives the Special Programme intends to put congide-
rable funds at the disposal of research and institutional strengthening, In the malaria
secteor, the budgetary provisions for 1977 amount to US § 4.6 million. They are expected
to reach US § 9.1 million im 1980,

In the area of basic rescarch, detsiled programmes were developed by Scientific
Working Groups on the Chemotherapy and Immynology of Malaria which met in 1975 and 1976
respectively, The implementation of the programmes is being ¢arried out jointly by
the Steering Committees of the Scientific Working Groups, and the WHD Secretariat,
Aspects of basic biological research and in vitro cultivation of malaria parasites were
congidered in specific workshops early in 1977.
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V. PRESENT STATE OF BASIC MALARIA RESEARCH
The following summary is restricted to research in parasite biology, chemotherapy
and immunology since the apsects of epidemiology including vector bionomics are covered

in other papers.

(2} Parasite biology and in vitro cultivatioem

Research in parasite biology is an essgential prerequisite for research ip immunology
and chemotherapy. The in vitro cultivation of parasites provides material essential feor
biclogical and immunological studies, and for routine procedures such as immunodiagnostic
tests. In vitro cultivation systems may be used for chemotherapeutic screening and
studles of growth factors and metabolism.

(i) In vitro cultivation of Plasmodium spp.

S3ince Trager's successful establishment of the continuous culture of Plasmodium
falciparum in 1976, using & continuous flow system, several laboratories have implemented
studies aiming at the mass production of P, falciparum, The candle jar method yields
parasite densities of up t¢ 16%. Dialysis methods are in an early experimental stage.
Froduction of viable gametccytes has been obtained in vitro. Exflagellation of in vitro
cultivated P. feleliparum microgameteocytes (from continuous cultures) has heen observed.

While completion of the tissue phase, from sporozoites to merozoites has been
achigved in avian Flagsmodia (P. fallax or P. lophurae), attempts with P. barghei and
P, vivax sperozolite infeetions in perfused liver or in hepatic cell llnes have never
produced more than a small number of bodies which may represent very early tissue
zchizont stapes. ' '

Complete in vitro development from gametocytes to mature sporozites, without
change of medium and substrate has not vet been achieved. Starting from male and
female gametocytes, ookinetes were regularly obtaiped in avian, rodent and simian
plasmodia. Oocyst growth and maturation until sporozoite production were attempted
in mosquite gut preparations and more succezsfully in mosquito cell lines. The com-
pletion of development always required several culture transfers. In P. relictum
development from a 3-day ococyst to onhe containing mature spororoites required only
one transfer, P, gallinaceum and P. cynomolgi oocysts were more difficult to BT OW,

(ii) Parasite preparation and isolation, parasite preservation

Proper isolation and preparation techniques are a sine qua non fer subseguent
bicchemical, morphological, biolegical and immunological studies employing parasite
materisl of various stages of the plasmodial cycle. Modern gseperation and purification
techniques, from Flcoll separation to column chromatography, have improved the prepara-
tion of parasite material. However, problems associated with the erythrocytic
parasite’s outer membrane, the separation of parasite and host material in general,
and the partial destruction or denaturation of the parasite and its parts require the
development of improved methods of preparation and isolation which are appropriate to
the subsequent us¢ of the parasite material.

The presergation of non=viable parasiteﬁ and parasite-derived material, mostly
effected at -70 C, po=eas no major problems. The long-term preservation of viable
parasites in form of sporozoites and parasitized erythrocytes or merozoites, using
l-step or Z-step cooling procedures and storage in liquid nitrogen is still asseeisted
with a considerable loss of infectivity and important fluctustions of reproducibility,
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(111) Strain differentiatieon

Major progress wags recently made in the strain differentiation of rodent plasmodia
after the successful implementation of cloning procedures. ‘The differentiation is
based on the establisbhment and the comparison of iso-enzyme patterns. With the develop-
ment of the continuous culture systems it is expected that proper strain differentiation
of human-pathogenic plasmodiz will soon become practicable,

(iv) Host-parasite relationships

The function of erythrocvte and parasite membranes in the process of merozoite
invesion are subject to intensive research which recently led to the identification of
the Duffy blood group substances as a receptor involved inm the invasieon of P. vivax
merozolites. Current studies concern the receptors for P. falciparum meroxoiies, while
the investigation of sporozeoite invaszion and its cell specificity is still in the very
carly stages; research in this area could be accelerated were an adequate in viiro
system available,

Researeh on the function and role of erythrocyte and parasite membranes in metabelite,
antimetabolite and energy transport is expected to gather momentum after a wider intro-
duction of in vitre cultivation systems. Recent studies of membrane structure have led
to the discovery of specific proteins in infected erythrocytes which werc ahbsent in
normal RBC. Moreover, the membranes of infected erythrocytes were found to be
permeable to some compounds, e.g. L-glucose, which are unable to pass the membranes
of normal RBC. The parasite-induced eryvthrocyte membrane changes also extend to an
altered surface binpding cepecity, e.g. for lectins. These observations have particular
relevance 10 chemotherapy, the mode of action of antimalarial drugs and immupological
phenonans .

(v) Parasite metabolism

Most of the biochemical studies on the malarial parasite have been restricted to Lhe
erylhrocytic stages of development since these are the only material which, at present,
can bhe prepared in sufficient quantity for such studies.

Tn all Plasmodium spp. glucose is the major energy substrate of the erythrocytic
steges. It is glycolytically metabholized to lactate. Investigations of the pentose-
phosphatc pathway showed that the parasite most probably utilirzes the pathway of the
hast erythrocyte. The major role of the pentose-phosphate pathway is believed to be
associated with membrane stapilization. It may also provide ribose for nucleic acid
synthesis.

The erythrocytic stages of plasmodia are apparently incapable of synthesizing
fatty acids de nove. However, they can make glycerides and phosphoglycerides from the
fatty aclds, nitrogenous bases, alcohols and CoA obtained from the hest. The parasiteo
derives many lipids and fatty acids from the erythrocyte membrane. In P. knowlesi
biosynthesis of chelesterol was observed at the early stages of development.

The erythrocytic stages of rodent plasmodia use exogenous purines for pucleic
acid synthesis, but must add the ribose and phosphate moieties to the prefotmed purine,
using to this purpose the enzymes of the "salvage pathway' to form monophosphate from
adenine or adenosine. Plasmodia deo apparently not incorporate exogenous pyrimidines,
although the parasite membrane may be permeable to pyrimidines. Thus, it is more likely
that the parasite lacks & pyrimidine salvage pathway and synthesizes pyrimidines de novo.

Studies in rodent plasmodia have proved the presence of a number of enzymes involved
in the de noveo systhesis of pyrimidines.
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In P. khowlesl the majority of DNA iy synthesized during growth from ring to late
trophozoite stage. This positively correlates with the periodicity in the synthesis
of thymidylate synthetase,

Haemoglobin is the most important source of amino acids for the growth ofplasmodia
which make use of proteolytic enzymes to degrade the haemoglobin within a food vacuole,
libarating amino acids and forming haemozoin, Chlorogquine is also concentrated into the
food vacuecle and may act by a specific inhibition of proteases parvticipating in the
degradation of haesmoglobin,

Studies on plasmogdial RNA have not vet produced conclusive results. This area is
of particular interest to research on the mechanism of action of antimalarial drugs,
but zlso to immunclogical research especially in relation to the synthesis of antigenic
proteins and its genetic control.

Among the few co-factors proven to be essential for the development of the intra-
erythrocytic development of plasmodia is PABA which is required for the synthesis of
folates. The parasite, unlike its host, synthesizes folate co-factors de novo. This
is also the site of chemotherapeutic action of sulfonamides, inhibiting dihydropteroate
synthetase, and of pyrimethamine, inhibiting dibhydrofolate reductase. The pargsite is
able to incorporate methionine from exogenous sources, but apparently this amino acid
may also be biosynthesized, utili=zing N methyltetrahydrofolate. Pantothenate is not
used directly by the parasite (P, lophurae) but rather in form of CoA synthesiged by
the host cell. None of the enzymes of CoA biosynthesis are found in the parasite,
indicating & major metabolic lesion. Systematic search may vield evidence of several
metabolic lesions of the mammalian plasmodia.

(b} Chemotherapy

Chemotherapeutic research is goal-oriented, striving at the improvement of compounds
which zre already in clinical use or the development of new drugs and formulations
which help to overcome the problems pozed by parasite resistance to the classical anti-
malarials. [t is realized that up to now this research was largely based on an empirical
approach, but future studies on normal parasite function and metabolism, the meode of
action of antimalarial compounds and structure-related gctivity of sntimalarials may
produce advances in the field of lead-directed synthesis, the design of receptor-
blocking agents and lysosomotropic drugs. '

(i) Mechanism of action

Chloroquine-sensitive strains of P. berghei and P. falciparum possess a saturable
receptor site for the drug that is lost when chloreoquine resistance develops. The
binding site has been isclated. In P. berghei a second less sensitive site, probably
DNA, has been found. 4-aminoquinolines, like mepacrine, cause a disruption of the
digestive processes leading to acute amino acid deprivation and cytolysosome formation.
These processegs are associated with clumping of the haemozoln,

The mode of action of guinine is still largely unknown. Quinine may intercalate
with DNA. There is some evidence that it competes, in hinding, with 4-aminoquinolines,

B-aminoquinolines and severzl paphthoquinones, e.g. menoctons, disrupt the fupstion
of plasmodial organelles which spparently possess mitochondrisl functien such as the
biosynthesis of ubiquinone-8.

Sulfonamides were shown to iphibit dihydrcpferoate synthetase, while pyrimethamine
and proguanil inhibit bihydrofolate reductase. This also explains the marked synergism
of both, There are several dihydrofolate reductase inhibitors the response to which
varies in the different Plasmodium spp, Equally, a Plasmodjium strain may be fully
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susceptible to one dihydrefeolate reductase inhibiltor, but resistant to another.

On the whole, and especially in respect of B-azminoguinolines, the knowledge of the
mechanism of drup action is still quite limited,

{ii} Mechanisms of drug resistance

Investigations with 14C—labelled chloroguine and indirect studies based on the
model using chlorogquine-induced haemozein clumping in P._berghei {mouse) and P. faleipprum
(Agtus trivirgatus) indicate that resistance to chloroquine depends primarily on =&
delfect in the high affinity binding sites of the resistant parasites, Chloroquine=-
registant P, berghei apparently utilizes essential substrates apd enmymes from the
hogt eryvthrocyte to help overcome metabolic deficiencies associated with other aspects
of the drug's action. Relative differences in the degree of resistance to various
members of the 4-aminoquinoline group, e.g, chloroquine and amodiaquine, are not yet
satisfactorily explained,

Pyrimethamine resistance has been shown to be associated with the production of a
mutant-related dihydrofolate reductase that possesses a lower affinity to this
inhibitor. However, exclusion of the drug from the enzyme site and increased production
nf dihydreofolate reductase may be contributing factors, .&

The exploration of the genetics of drug resistance has received new impetus with
the succesaful introduction of cloning techniques in rodent plasmodis which may in

future also be applied to in vitro culture systems with human-pathogenic plasmodia.

(iii) Drug sereening

Although the interest of industry in the development of new antimalarial compounds
has shown a marked de¢rease since the beginning of the chleoroquine era, the search for
new antimalerials wss carried on in various centres, especially in the USA and in
Europe. The most important effort was and is being made by the Walter Reed Army
Institute of Research which, since the existence of its malaria drug screening programme,
has tested scome Z30 000 compounds, several of which yielded promising results and were
developed up to pre-clinical and clinical phase I/II stage. In the past this programme
was mainly oriented towards testing for blood schizontoeldal action. Meanwhile
gerecning systems for extended blood schizontocidal, tissue schizontoeidal and
gporontocidal action have been developed with 8 view to expanding appropriate routine
screening of pre-selected compounds.

Promising candidate compounds whose development for clinical uge may be envisaged .’
ware found in the following chemical groups: 9-phenanthrenemethanols, 4-guinelipe-
methanols, Z,4~diamino-6-sutrfur-substituted guinazolines, 4,6-diamino-l-substituted
dihydrotriazines, naphtohoquinones, c¢hlorinated lincomyein derivates and acridin
compounds, Recently several new B-aminoguinoline derivates were found to show markedly
higher antimalarial activity than the base compound.

(iv} Improvement of drug formulations

The major shortcoming of the present available prophylactic drugs is the rather
ghort duration of effect which necessitates repeated administration at relatively short
intervals. TFor antirelapse treatment, B-aminoguinolines must be given daily for a
tortnight. The avallability of sustained-release type formulations would solve opera-
Lional problems, Recent studies have shown that constant mainienance of low drug
levels (in tissue and blood) may be meore effective and better tolerated than the
interrupted administration of high doses. Advances with slew-release devices and
matrices such as micropumps and polymer techniques are expected to provide means for
the improvement of drugs already in clinical use and for the utilization of compounds
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whtich, for reasons of toxicity associsted with the interrupted administration of high
doses, could not yet be employed in routine antimalarial treatment or prophylaxis,

{v) New drugs

(2,8-bis-(trifiucromethyl)-& -{2-piperidyl)-~4~quinolinemethanol (meflogquine) is
the most =dvanced of the new candidate drugs. Mefloquine has been developed under
the programme of the Walter Reed Army Institute of Research, The compound was found
to be well tolerated at prophylactic deoses. Weekly administration &f 180 mg or
fortnightly administration of 360 mg meflogquine hydrochloride in adult Thais was well
telerated. Both regimens were equivalent in chemosuppression of £. falciparum and
P. vivax. Mefloguine is also effective against chloroguilne=-recistant P, faleiparum.
For radical treastment of faleiparum malaria a single dose of 15 mg mefloquine;kg body
weight appears to be adequate. Extensive clinilcal trials (stage I/II/III) are envisaged.

Triazine compounds were found to be quite effective in rodent and simian malaria
mgiels. In human malaria the ¢ompounds were highly potent but toxic., DRifferent formu-
lations and slow-release approaches may be able to improve tolerability,

Menocctone type drugs, quinazelines and some of the 9-phenanthrenemethanols hold
promise, Further studies are in course,

{c) Immunology

Since it has been shown that immunization against malaria can be achieved, the main
thrust of immunological resesreh is directed towards the development of vaccines, with
the essential supportive investigation of immune mechanisms znd the phenomena of innate
resistance, Immuneodiagnostic tools have been develeoped whose wider utilization in
surveillance and epidemiological research has so far been hampered by the scarcity of
antigen.

(i) Mechanisms of malarila resistance

Innate resistance to infection with plasmodia is specific and may relste to a
requirement of the parasite or to a substance of the host that is deleterious to the
parasite. As in biochemical research most investigations were limited to the erythrocytic
stages of the parasite gince this material was more readily available, As already
indicated in V (a,iv) specific surface receptors are involved in the merowmoite attach-
ment to and invasion inte erythrocytes, This may explain host cell preferences, e.g.
reticulocytes (P. berghei/house and rat) or the refracteriness of Duffy bleod group
negative human erythrocytes to P. vivax merozoites. Using in vitro models, refractori-

ness to merczoltes was alse induced through treating erythrocytes with proteolytic
aenzymes,

Intraerythrocytic factors such as structural changes in haemoglobin (haemoglobins
5, C and E), quaptitative changes in the synthesis of haemoglobin chains (thalassaemia)
or G=6=-PD deficiency may not be compatible with the metabolic requirements of

P. faleiparum and thus confer relative advantage to those afflicted with these genetic
traits.

L

The by far most important aspect of malaria resistance is the specific anti-
parasitic immunity conferred by malaria infection or vaccination with attenuated or
non-viable parasites or parasite material., There iz evidence that both cellular and
humoral immunity play a role in specific antiplasmodial immunity. Thus fractions of
serum, containing IgG, have conferred protection on human reciplents, Protection against
low inocula of P. berghei has been achieved in ocutbred rsts with hyperimmune serum,
Moveover, protective antibodies have been shown to bhlock merezoite invacion of erythro-
¢ytes and to promote phagocytosis of free and intracellular parasites by macrophages,
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T-cells are required to initiate mechanisms thzt lead to the destruction of
plasmodia. Congenitally athymic mice do not recover from malaria infection unless
reconstituted with syngeneic thymus cells, 8Spleen eells, but net cells from lymph
nodes or thoracic duct, from convalescent mice or rats could confer resistance against
malaria to normal, irradiated, or nude mice. Transfer experiments have so far not
distinguished between T and B lymphocytes as cffector cells, Helper effects of antigen-
sengitive T-cells have been demonstrated using hapten-conjugated parasites,

A variety of adjuvant agents stimulate mazcrophages and provide considerable
protection to mice against P. vinckei. Since this phanomenon 12 also observed in con-
genitally athymic mice, the macrophage stimulation seems to be effected through the
product of complement activation, C3b. In the P. berghei/ﬁouse system macrophage
stimulation in the abscnce of the appropriate antigen is less pronounced.

The arca of immune evasion in plasmodial infections still requires extensive
investigations. There 15 evidence that malarial infections induce non=-speclfic

imminodepression.

(ii) Immunopatholagy

Immunopathological phenomena play an important role in the pathogenesis of some of
the lesions gusociated with malariz, e.g. in glomerulonephritis (quartan malaria).
Circulating aptigens were observed in acute faleciparum infections with hiph parasitaemln.
After the introduction of highly sensitive radioimmuneological techpniques, solublea
antigens were also demonstrated in infeetions with P, malariase, Antigen-—antibody
complexes were demonstrated in the glomerular capillary walls in malaria patients.

Acute infections due to various parasite species produce reversible renal damage;
chronie infections with P, malariae are associated with chronic progressive, irreversible
renal Tesjions,

The complement system plays an important role in the development of immune com-
ploxes. The latter usually activate the classical pathway with the participstion of
carly complement components (C1, €4, C2). This pathway leads to za cleavage of 3
and the activation of late complement components. Research oh complement components
in various simian models and human malaria have not yet provided ceonclusive results,
mainly on account of difficulties encountered in the measurement of complement
metabolism,

(1i1) Immunodiagnosis

Several serological methods have been developed and used in laboratory and epide-
miological field studies. The major abstacle againsi the desirable propagation of
the tests was and still is the limited gvailabllity of the reguired antigens, As far
as crythrocytic-stage derived antigens are concerned, the recently develecped continuous
parasite cultivation may soon provide the essential material and also promote the
standardization of antigens.

The gel precipitin test is chiefly used for the detection of soluble antigens
associgted with the erythrocytic forms of P. faleiparum. These antigens were classified
into L (labile), R (resistant) and $§ {(soluble) antigens and, within these groups,
subdivided into subclasscs.

Immunefluorescent antibody and passive haemagglutination tests are well established
mathods, whose limitations and merits have been determined guite well. Recently
standardized protecols for these tests have been developed.

Radioimmune assay methods are still the most sensitive test systems which are
suitable for the detection of antigens as well as antibodies in low concentrations.
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Their use is restricted to a few specially equipped laborastories.

The enzyme=linked immunosorbent assay (ELISA) holds promise for wide epidemiological
1 application as it allows quantitative estimations of specific antibodies by enzyme-
labelled anti-immunogleobulin. Peroxidase and alkaline phosphatase are the usual labels.
The ELISA requires only modest quantities of antigen and serum at a single dilution.
. It lends itself to sutomation and objective (machine) reading. The test is also
suitable for application under field conditions. Further studies are necessary in
order to optimize and standardize antigen preparation.

Various other tests, e.g. circumsporozoite precipitaticon, sporozeite neutraliza-
tion, schizont-infected cell agglutination, opseonization, merozoite inhibition tests
are ugsed as resgearch tools,

(iv) TImpunization (vaeceines)

Extensive studies in rodent malaria system= have shown that specific protective
malaria immunity can be induced through the chemo-suppression of an existing malarial
infection, through the immunization with non-viable parasites of erythrocytic stages
{without or in conjunction with adjuvsnts)._and through the vaccination with irradiated

@ sporozoites.

In rhesus monkeys protective immunity against P. knowlesi was achieved through
vacclnation with P, knowlesi merozoiltes administered with Freund's complete adjuvant.
Similar ohservations were recently made in the Aotus trivipgatus/P. falciparum system
when mature schizonts were used as zn antigen together with Freund's complete adjuvant,

In mgn eomplete protection against challenge with viable sporozoites of
P. falciparum and P. vivax was obtained after repeated inoculation of gsporazites of
the same parasite species through the bite of irradiated infected mosquitos. The
protection was also complete upon challenge with different parasite strains (P. falciparum).

inoeulation of blood contalming gemetes of P, gallinaceum in gametoeyte-cerrying
chicken resulted in the formation of specific anti-gamete antibedies which interfered
with exflagellation and conseguently with zygote formation. All animals so vaccinated
proved to be non-infective to the veector in spite of the presence of gametocytes.
Transfer of serum containing antil-gamete antibedies to non-vaccinated, gametocyte-
carrying ¢hicken rendered the blood non-infe¢tive to the vector mosquiteos, Similarly,
removal of the serum and washing of the blood corpuscules of the vaccinated animals
restored normel viability of the gametocytes. These experiments have successfully

@ been repeated in the I‘hesus/P. knowlesi model, where Preunds Complete Adjuvant was
a required for obtaining results similar to those observed in the P, gallinzceum/chicken
model, I

VI. HRESEARCH PROGRAMME, BASIC RESEARCH (MALARIA)

The following major areas of interest have been identified in the framework of
WHO-assisted basic malaria research (areas of biology, chemotherapy and immunology
eniy) in due conslderation of operational needs in malaria control and in the endeaveour
of following leads towards lnnovative operational approaches:

{i} Parasite bielogy and in vitro cultivation

(a) In vitroc cultivation of Plasmodium spp.

- Forms of the erythrocytic cyecle (including production of viable gametocytes)
- Tissue forms
- Sporogonic forms
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{(it)

(iii)

10
(b) Parasite preparation and isolation
(c) Parasite preservation
(d) Strain differentiation
(e) Host-parasite relatiomships
- Membranes and receptors
- Metabolite, antimetsbolite and energy transport
(I} Parasite metabolism
- Carbohydrate transport and metabolism
- Protein synthesis and fate
= Lipid metabolism
- Coenzyme biosynthesis and fate
Chemotherapy
(a) Mechanism of action of antimalarial drugs
~ BSynthesis of radiolabelled compounds
- Nature of parasite/drug interactions
- Drug metabolism and fate in parasite and host
= Mechanism of drug resistance
(h) Improvement of drugs in clinical use
- Development of formulations permitting sustailned release
- Development of long-zcting drugs
{¢) Improvement of existing and development of new drug sereening procedures for
- Blood schizontocidal azction
- Tissue schimontocidal aetion
- Bporontocidal action
(d) Development of new drugs (including pre-clinical studies)
- Further evaluation of already identified ¢ompounds
- Development of long-acting or sugtained release formulations
- FExploration of mixtures of pew compounds
- Design of receptor bloecking agents
~ Design of lysosomotropic drugs
= Lead-directed synthesis
- Computer-aided structure activity analysis
(e) Clinical studies
- Phase I &nd II cliniegl trials
- Phase 111 trials }
- Baselipe assossment of drug susceptibility and monitoring of the develop-
ment of drug resistance
Jmmunology
{a) Malaris antigens

= Taolation

- Purification

- Tldentification and characterization

- Evaluation of their role with regard to:
-  Immupogenicity
-  Immune complex formation and immunopathological phenomena
- Immuncodiagnosis
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(b} Mechanisms of immunity and immune evasien

- Cellular immunity
- Humoral immunity
- Immune evasion

(¢) Immunodiagnostic tests

- Standardization of available immuncdiagnostic tests
- Improvement of existing or development of new test systems to
- Detect low blood levels of malarial antibodies/antigens
- Assess the level of protective immunity
- Determine antigenic variation
- Detect immunopathological reactions
= Development of simple techpiques for seroepidemiologicsl purposes (with
a view to automation)

(d} Development of blood stage vaceines (including adjuvant studies)

- Rodent malariz systems
- $imian malaris systems
- AQtuS/F. falciparum system

{¢) Development of other vaccines (using redent znd simian models)

- Sporozolite vaccine
= (Gamete vaccine

(£) Vaccination against malaria in humans

- Development of suitable vaccines (blood stage, sporozoite, gamete vaccines)

- Vaccine safety, preservation and efficacy studies

- Trials in small, selected groups of individuals after due approval by
international, national and local regulatery authorities

- Expanded trials and evaluation of vaccipe

This summary of the basic research programme shows itsg major orientation towards
the improvement of existing and the development of new aptimalarial drugs, the
development of receptor-blocking agents and vaccine(s) against malaris, including: the
necessary supporting studies on the bisology and in vitre cultivation of the parasites,.
The objectives of the research programme are thus goal-oriented with a view of
securing the availability of life-savimg, curative and prophyvlactic drugs, and of
developing fundamentally new and environmentslly acceptable tools and approaches for
the control of malaris.




