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This report contains the collective views of an international graup
of experts convenad by the UNDP/WORLO BANK/ WHO SPECIAL
PROGRAMME FOR RESEARCH AND TRAINING IN TROPICAL
DISEASES (TORY. It does nat necessarity reflagt the views of
TORMWHO. o the intgrests of ragid cammunication it bas been
submitted ta only minimal editorial revision, Moreover, any oeo-
graphical designations used in the report do not imply the expras-
sion aof any opinion whatsoever on the part of TDR or WHO
cancerning the legal status of any country, territary, city or area gr
of its authorities concerning the delimitation of jts frontiers or
boundaries.

Ce rappart exprime les vues colfectives d'un groupe international
d'experts rduni par e PROGRAMME SPECIAL PNUD/BANQUE
MONDIALE/OMS DE RECHERCHME ET DOE FORMATION
CONCERNANT LES MALALIES TROPICALES (TOR). I re
reprdsente pas nécessairement fes vues du TOR/OMS et en wie
d'une diffusion accélérée, il n'a pas 416 'abjet d'une mise en forme
particuligrement saigrde, £n gutre, les noms gdagraphigues utilisés
dans e présent rapport a'npliquent, de 'a part du TOR ou de
I'OMS, aucune prise de position quant au statut juridique de tel ou
tel pays, territaire, ville ou zane, ou de ses autoritds, nj quant au
tracd de ses frontidres,
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INTRODUCTION

In 1985, the first joint meeting of the Scientific Working Groups on the
Tmmunclogy of Malaria (IMMAL) and on Applied Field Regearch In Malaria
(FIELDMAL) cousidered the basic principles of malaria vacclne trizls and the
phases in which they would be carried out.1 Since then lmportant advances
have been made in malaria vaccine research, A nunber of vaccine candidate
molecules have bzen identified and several of the corresponding genes cloned
and sequenced. There has been progress in the analysis of immune mechanisms
in natural and induced immunity to malaria and in the methodology for such
studies,Z» 3,4

Further development, including the selection of immunogens and the
evaluation of vaceines, raises a number of questions which are ar the Ilnterface
of malaria lsmunclogy and epidemiclogy. These gquestions particularly concern:
the possible uses of malaria vaccines; the diversity of human malaria
parasites and of the {mmune response to them; the development of the immune
response to malaria parasites and its correlation with protection; the
natural patterns of inoculation, their generation and their congequences; and
the assessment of clinlcal malaria and protection, ineluding uses of sero-
epildemiology.

The second joint meeting of the IMMAL and FIELDMAL Scleatific Working
Groups (Geneva, 26-30 September 1988) was therefore convened to review
research on immunological aspects of malaria epidemiology, and to provide
galdance for the identification of further research required in this area,

This report is largely devoted to the recommendations prepared by four
working groups during the meetingj it also Includes a list of working papers
presented at the meeting and a list of the participants.

1. WORKING GROUP 1. DIVERSITY OF HUMAN MALARTA PARASITES AND OF THE IMMUNE
RESPONSE TQ THEM

The antigens aund epitopes of human malaria parasites are partly conserved
and partly diverse, both within and between geographic areas; there may in
additlon be related diversity of man's naturally acquired immune response, of
virulence, and of responsiveness to drugs. Working Group I was convened to
discuss the nature of this diversity, and how 1its {mportance might be
assessed. The group made a series of pgeneral recommendations, and specifie
recogmendations concerning the different life—cycle stages of the parasires.

1/ Principles of malaria vaccine trials: Report of a joint meeting of the
Scientific Working Groups on Immunelogy of Malarla and on Applied Field
Research in Malaria (1985) Document TDR/IMMAL-FIELDMAL/VAC/85_3

2/ Sporozeite vaccine development and vesearch towards development of
asexual blood-stage vaccines. Report of the Ninth Meeting of the
Scientific Working Group on the Immunology of Malaria (1985) Document
TDR/IMMAL/SWG(9)86.3.

3/ Exoerythrocytic and asexual blood-stage antigens of human wmalaria

parasites: EReport of the Tenth Meeting of the Scientific Working Group

o the Impunology of Malaria (1988) Document TDR/IMMAL/SWG(10)/88.3.

4/ Malaria Pilagnosis: Meworsndum from a WHO Meeting. Bulletin of the World
Health Organisation, 66(5): 5753-5%4 (1988).
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1.1 General Recommendations

1. Further studies wera recommended to increase our knowledge of
diversity within and betwsen wmalaria specles. (i} These should employ
existing immunological reageuts to study antigenic diversity but also couwld
involve studies of markers such as drug resistance and isoenzymes; (ii) New
panels of immunological reagents are required for P. ovale, P, malarjae and
P. vivax, These reagents should be produced using total parasite preparations,
and also using antigeus known to bhe of importance from previous studies on
P. falclparum and P, vivax; (iii) Existing DNA probes and cloced genes should
be used to ideatify homologues in other spacles,

2, Studies should be supported which investigate the genetic mechanisms
involved in the generation of diversity in malaria parasites.

3. S8tudies should examine wherher new diversity arises as a raesult of
the selection pressure iaposed by active or passive immunization, This should
involve detailed analyses of breakthrough parasitaemias in human and monkey
vaccine trials. Important informarion may also be gained from malaria
parasites infecting non—primate laboratory animals.

4, Further srudies are required to extend our knowledge of the location
of dominant T- and B-cell epitopes in candidate vaccine molecules, particularly
with respect to whether these are in conserved or varlable regions,

5. Although there is much informatiom on primary structure of F,
falciparum antigens, little is koown about their conformation and studies
addressing tuls question, which would include X-ray crystallographlc analyses,
should be supported.

6, Some diversity may reflect the selection pressure of immune responses.
However, some parasite diversity may also veflect genetically determined
diversity of host structures, perhaps of importance in biology of the paraszite
and this concept should be investigated.

7. GStudies were recommended to examine the genetic element in immune
responses to defined antigens or epitopes. These studies should include
longitudinal studies so that non—responder/responder status can be assessaed at
more than one point in time.

8. TField studies should be complemented by laboratory studies in which
MHC restriction of immune tesponges to defined antigens 1s investigated,
praferably using human T-cells,

9, The effect of non-MHC polymorphisms, particularly these of the
erythrocyte should be investigated for effects on the development of immune
responses.

10. Studlies on diversity of parasites should be undertakea at multiple
levely e.2. infected single mosquitoes, infected iondividuwals, within and
berween households, communitries and different geographical areas. These
studies should 1lnclude areas that vary in endemiclty, Including single areas
where transmlssion and/or morbidity varies over time, as well as areas where
malaria contvol projects are instituted.

11. Multiple cross—sectional studies should be carried out to determipe
whather the frequency of parasite phenotypes or alleles varies over space and
time. These should ewploy a wide range of polymorphic markers so that the
rate of teassortment of independent alleles can be assessed.
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12, Longitudinal cohort studies should be carried out to determine the
relationship between parasite diversity and the development of (strain-
specific) acquired fmmunity and/or specific immune responses,

13. Studies should be designed in a varlety of epidemiological situations
to determine whether diveesity in parasite mavkers and host genotypes can
discriminate among Infections with differing clinical outcomes including HMS
{Hyperreactive Malarial Splenomegaly).

14, In vitro studies ghould examine the relaticaship betwsen parasite
diversity and properties such as cytoadherence or reduction of cytokine
production which may relate to the outcome of the host-parasite interaction.

15. A variety of methods and reagents are available to examine the extent
of parasite diversity, These include monoclonal and polyclonal antibodies,
nutleic acid probes, the polymerase chain reaction (PCR) and dot blot
hybridization. The PCR has specific application in establishing sequence
differences in alrernate alleles and is especially useful with very low
parasitaemias, It also avoids the necessity of culturing parasites, The PCR
can algc be used to determine the genotype when this is not knowm.

Monoelonal antibodies (MAbs) and other immunological reagents are useful
far determining whether infections are mixed and for directly determining
antigenic phenotype.

Pulse—field gel electrophoresis (PFGE) and DNA fingerprinting may also be
applied in the analysis of diversity of fleld isolates., PFGE coupled with
hybridization of specific probes may be used in analysis of mixed infections,

16. Methods for measuring antibody responses (such as micro —ELISA,
immuncblots, IFA, etc.), which in many cases show good sensitivity and
specificity, are not standardized between different laboratories and need ro
be made comparable, Availability of standardized antigens and standard
reference sera of koown titre (possibly through WHO) would greatly facilitate
comparison of studies,

There is an urgent need for improved and standardized T-cell assays that
can be applied in epidemlological studies and which will provide easily
interpretable information conceruing cellular function (effector and helper).
It is strongly recommended thar antigens employed in these studies should have
been assessed for reactivity with human T-cell clomes that react against
native parasite protains,

17. Existing specific antigen, antibody, and nucleic acid probes  should
be made widely available for these studies., WHO should instirure procedures
for making these more available to {investigators (disseminarion and/or
production).

18. The group recommended formation of an anunotated data bank including
nucleotide and amino acid sequence information. This should include
information concerning availability of reapents. The ready availability of

sequence information will enable & number of important biclogical quastions to
be examined.

1.2 Stage-specific Recommendations

Relevant to all stages is a requirement for studies on the regulation of
parasite gene expression particularly as it relates to the expression of
stage~specific antigens. In addition, further studies are reyuired in
relation ta the different life-cycle stages of the malaria parasite.
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Sgorozoites

{a) Circumsporozoite (CS) proteins

Analysis of the non-repeat flanking regions, including their putative
T-cell epitopes should be extended. This should involve sequence analyses on
further isclates. It is important that T-cell sites of €5 proteins be
assessed in studies using native C5 proteln and sporozoltes for priming and
challenge as well as with synthetic peptides. TIn addition C5 protein variants
should be assessed with respect to other aspects of sporozoite blology (e.g.
transmissibility from mosquito te man and invasiveness of hepatocytes).
Heterogeneity of CS proteins introduced by post-translational wedifications
should be examined.

The effect of immune pressure operating in the wammalian host and the
mosquito vector should be examined for effects on the emergence of new CS
protein variants.

{b) Non-CS antigens of sporozoltes

We recommend research into non-C8% proteila antigens of sporozeltes that

may play a role in spovozolte immunity (invelving, Ffor example, intermolecular

help between different sporozoite antigens).

Exoerythroeytic (EE) stages

The extent to whiech EE antigens cross=-react with blood stages and
sporozoites should be further investigated. Comparisons should be made of
antigens in RE and blood stage merozoltes. Liver—-stage speciflc antigens,
(LSA-1 and any others) should be further characterized and examined for
diversity among differeat 1lsolates. It is a priovity to exzamine diversity In
EE stage antigens as this has relevance not only to vaceine potential but
possibly also because detection of such antigens, or antibodies to them, could
be of diagnostic value, Foszsible diversity among relapse populations 1in
F. vivax should be examined.

Azexual stage antigens

(2) The precursor of the major merozoite surface antigens (P£155, Pv200).
This is an important candidate vaccine molecule and further infermation is
required about 1ts structural diversity, It is a prlorify to determine which
are the dominant T- and B-cell epitopes in both experimental and natural
priming and whether thesa correspond to conserved, dimorphliec or polymorphic
regions of the molecule.

Studies of rthe function of this molecule are recommended to determine
whether the dimorphic form has functional significance at the level of receptor
heterogeneity. In additioun, the fumctlon of processed products of this antigen
which are released ia soluble form should be examined. The dimorphism of
PF195 as it relates to processing and post-translarional medification should
be investigated. ©Existing antibody and oligonucleotide probes for FE1%0
should be used to examine parasite diversity in epidemiological studies.

For Pv200, it is a priority to wndertake further sequencing and Lo
generate additional monoclonal antibodies and oligonucleotide probes for
assessing diversity within thils specles. Some regions of Pv200 show homology
with P£195. It is important to determine the significance of this conser~
vation, The homologue in P. ovale and P, malariae should be examined as they
will provide opportunities for the assessment of diversity in these species.
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(b) Other merozoite surface antigens

The exteant of diversity in M3A-2 and other merozoite surface anfrigens
requires further definition.

{c) Other merozoite vaccine candidates

Othar vaccine candidates including several rlhoptry antigens have been
identified. There is little evidence for diversity in any of these molecules
but this needs to be further explored.

{(d) Infected red cell surface antigen

An  antigen on the surface of mature-parasite-infected erythrocytes
exhibits extensive antigenic diversity. It fis important to investigate the
genetic basis of tids diversity, and in particular, to determine whether
antigenic variation (phenotypic switching of clonal parasite populatious) is
responsible for this phenomenon. Furtier studies to assess whether a component
of strain-specific immunity is directed towards this antigen should be carried
out,

{e) Other polymorphic asexual stage antigens

Some other asexual stage antigens not necessarily considered as vaccine
candidates exhibit extensive polymorphisms, Qigonuclestides and antibedy
probes for the different forms of these antigens should be developed and put
to use in epidemiological studies, These include:

S—antigens, Pf 11-1, MESA/PE EMPZ, CRA/exp-1,

Homologues of these P. falciparum antizens should be identified in other
species of Plaswmodium infecting humans, to allow similar epidemiological
studies. Antigens such as FIRA, RESA and the heat-shock proteins (Pf hgp-1)
are apparently non-polymorphic imsunogens in P. falciparum which could be used
as constant markers in epldemisclogical studies, (The lack of expression of
certain genes, e.g, RESA and HRPs, seen in parasites adapted te in vitre
culture is not thought to occur in the field but this cannot yet be excluded).

Sexval stage antigens

A large number of P, faleciparum isclates have been exaumined for diversity
of taryget antigens of transmission modulating Immunity, The results suygest
that epitopes of these antigens of P. falciparum are generally conserved,
These studies should be extended with larger panels of antibodies against =
wider range of sexual stage antigens, Cloning and sequencing of the genas Ffor
these antigens is still & priority.

More extensive divarsity has been observed ia the sexual stage antigens
of P. vivax than in P, faleciparum, There is a need to establish how relavant
this diversity is to transmission— modulating (blocking and enhancing) immunity
in natural infections.

Studies are reguired to identify T=- and B=cell epltopes in the various
seXudt stage antigens that are poteatially ifaveolved .u Lue dovelopmeni ol
transmission~blocking immunity.

Further work 1s reqguired cto ideatify antigens involved in transmission
modulating immunity in P. falciparum which, like P. vivax GAl-1, are shared
betwean blood stages, and to define the extent of the diversity.
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2, WORKING GROUP 2. DEVELOPMENT OF THE IMMUNE RESPONSE TO MALARIA PARASITES
AND ITS CORRELATION WITH PROTECTION

Working Group 2 considered the development of immune responses to malaria
parasites, and possible correlates with protection, including cliniecal
indicators of immunity to malaria and possible study designs to investigate
the relationship between ilwmunological measurements and protection.

2.1 Indicators of the Immune Response whose Possible Association with
Protection should be Investigated

The following assays were recommended as potentially helpful tests,
SPOROZOLTES
(a) Antibody
i) - IFA - whole sporozoites: (a) dried (b) wet/surface
i1) FELISA = against repeat and non—repeat epitopes
iii) I51 = measure of invasion:! current assays give low levels of infection
and improvement of the assay needed for assessing penetration and to
measure development

iv}  CSP precipitation test.

(b} Cell-medisted immunity

1. Lymphocyte proliferation test to paptides

2. Production of cytokines IL-1, IFN-Y, INF, etc.

3. Tests with partially purified cell preparations

All CMI tests must employ appropriate controls
LIVER 3TAGES

(a} Antibody

1. ELISA - against liver stage specific peptides including one which has
been sequenced :

2, 1IFA - against infected primate liver cells

() Cell-mediated immunity

No assay has yet been standardized
ASEXUAL STAGES

{(a) Functional antibody tests

i) Opsonizatrion of merozaites: best assessed visually: probably
measures same anbtibodies as 1iL).

ii} Opsonization of senlzonts: limlted experience of usefulness.
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1ii} Antibody-dependent cell-mediated cytotoxicity (ADCC): this measures
inhibition of parasite wultiplication ia the presence of antibodiles
and cells; uses either purified wonocytes or unfraccionated
mononuclear cells from infected or normal individuals; Dbest assessed
visually, but radiclabelled hypoxanthine incorporation can be used;
not straln specific; can measure hoth antiboedy and CMI depending on
donor cells used.

iv) Growth inhibition assay and inhibition of ilmvasion by gerum! tests
can be used to detect antibodies which inhibit merozoite dispersion,
whieh ilahibit iovasion of RBCs by merozoites or which inhibdc growth
of parasites within RBCs, depending on how the assays are designed.
The testg are partially isolate specifie; these will be influenced
by pon-immunclogical factors such as nutritional status of the test
sarum, or the presence of drugs,

v) Inhibition of cytoadherence: either wmelanoma cells or endeothelial
cells can be wused (the best target is not yet ildentified ~ thers may
be differences between melanoma and endothelial cells, and endothelial
cells from different sites may have different binding properties).

vi) Reversal of cytoadherence: limited experience.

vii) Agplucination of fresh parasitized RBCs: isolate and possibly
variant specific.

viii) IFA of fresh parasitized RBCs: needs a double sandwich technique;
probably measures same antibodies as agzlutination; problem with
high backgrounds.

(b) Antibody assays measuring exposure

i) IFA using fixed parasitized RBCS:  well characterized

ii} ELISA against unpurified antigens: many different assays in use;
need for standard autipgens and control sera

iii) THA: not widely used
iv)  Western blot to whole lysates or recombinant proteins

(e¢) Antibody tests for vaccine candidate antigens and other defined antigens

1) ELISA would usually be used
i1} Dot blot and Western blot

(d) Cell-mediated immunity tests

i) Tests with: unpurified antigens and/or specific peptides
ii) Determination of proliferative response and ¢ytokine production
iii) Dbetermination of frequency of T=cell clones

General Comments
1. lIsotype and antibody affinity: for some assays 1t  would he

appropriate to measure the isotype of the antibodies being tested and in some
cases antibody affinity.
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2. Standardization
= is particularly difficult for biological assays, as these depend on
live parasites and frequently mammalian cells, both of which are very

varjahble,

- comparison between results in different laboratories would be easler
if cell lines used in these assays could be standardized.

= It may not be appropriate to use a standard parasice isolate because
of strain variation between regions.

- for simpler assays comparison of results obtained 4in different
laboratories would be facilitated by making standsrdized control
positive and negative sera,

- gynthetic and recoambinant peptides should be assessed as control
antigens for serological tests.

- standardization of cytokine assays and the methods for sample
collection for these tests is required,

3. PFurther Development Needed

The group recommended that assays which should be developed further as
pessible tests of protective immunity should include:

- Skin tests
- Asgays to test invasion of liver cells and growth in liver cells

-  Cellular cytotoxicity assays, and other tests of CMI to liver stage
antigens,

- Cytoadherence assay which uses an endothelial cell lige
= Micromethod asgsays, including assays for CMI

2.2 <(linical Indicators of Immunity to Malaria

The group discussed various apptocaches to clinical measurements of
malaria immunicy in man including measurement of mortaliry, morbidicy,
infection and consequences of infection.

The group agreed that despite the many difficulries involved, case
definitions for death from malaria, severe and mild elinical malaria and
walaria infection were essential for epidemiological studies. The definitlons
presented in Dr Brown's paper (see list of working papers) were discussed and
were agreed with come winor wmodifications. The same definitions would not
necessarily be appliecable in all circumstances but whenever parallel studies
are being undertaken attempts at standardization should be made.

2.3 Study Design for Investigation of the Relationship between Immunclogical
Meagurements and Protection against malaria

a) Longitudinal studies

The group agteed that longitudinal cohort studies were the best method
available for investligating the relationship between immunological parameters
and protection against malaria.
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Cohorts to be studied

It wasz recommended that cohort studies should be undertaken in different
geographical areas with different levels of transwission. {The strength
attached to the demoustration of a relationship between one immune response
and protection against malaria would be greatly enhanced if it was found in
areas with different levels of transmission). The cohort must contain subjects
who are likely to have varying levels of protection.

Groups that might be studied inglude;

= infants aod children in malaria endemlc sreas

= adults in malaria endemic areas

=  individuals who migrate to malaria endemic areas

- women before and during their first pregnancy

= previously lamune individuals whe have lost some protective ilmaunity
as a result of residence in a non-zudemic area

Characterization of the cohort:

It is essential that the level of transmission in the study population
should be clearly defined,

It is desirable that subjects in the cohort should be characterized for
any likely confounding factors such gs: Hb-genotype, thalassaemia, possibly
HLA type, HIV-infection and nutritional status.

Mzasurements to ba made:;

i) Epigodes of malaria parasitaemia with sywmptoms
1i) Iucidence of malariz infection
iii) Whenever possible parasites causing new infectlons in cohorr subjects
should be characterized

It is important that measurcments are made frequently enough to detect
nearly all clinical episodes and new infections. The frequenmcy needed will
vary with area.

In most cases cohort studies will not be large emough to allow
information to be obtained on the relationship between immunclogical measure-
ments and severe and complicated malaria, which is usually a rare aevent.

An epidemic of malaria, in which a higher attack rate is s=een over a
short peried, is one situation in which it alght be possible to study severe
and complicated malaria.

Confounding factors

Possible econfounding factors in cohort studies are:

1, Variability in exposure to infective wosquitoes. If possible some
assessment of individual exposure of study subjects to Infection
should be wmade. The pessibility of undertaking a challenge
experiment in semi-immune individuals with a defined sporozoite
inoculum, (waybe as part of a vaccime trial), was discussed.

2, ‘freatment., Radical c¢ure should be undertaken before longitudinal
observations are started, It is very difflecult to control treatment,
but the problem may be partially overcome if the iavestigators take
over elinfcal care of the study subjects,
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b) Cross—sectional studles

The group considered that cross—sectional surveys in which comparisons
are nade berween different groups within a community have a role to play in
fdentifying dimaunological factors worth further investigation as possible
indicators of protective immunity. However interpretation of the significance
of different patterns of assoclation between age—dependent features of malaria
and of age-dependent immunological changes Is diffilcult.

It was suggested that cross—sectional studies directed at the measurement
of a single immunological parameter would rarely be cost—effective,

c) Case control studies

Case control sgrudies have an Important role to play in identifying
non-immanalogleal risk factors for severe versus mild malaria,

Study of immunological risk factors is difficult if subjects are entered
into the study on presentation with e¢linical malaria because of the perturbing
effect of malaria infection on Immune responsiveness., However case control
studies might be used to answer specific questions.

d) Passive transfer studies

It was recommended that whenever serum or serum products were used for
disease treatment or prevention, the opportunity should be taken to iavestigate
the possible role of individual constituents 1n giving protection against
malaria.

e) Other possible studies

Other possible studies that might give ianformation on the relationship
between Llmmiologleal measurements and protection against malaria that were
discussed were:

i) Study of voung women before and duriang their firat pregnancy.

ii) Previously immine individuals who have lost some protective ilmmunity
as a result of residency in 2 non—eundemic area,

111} Comparison of immunological findings in patients with high levels of
parasitaemia who degplite treatment progress to cerebral malaria and
those who do not,

General Comments

The group considered the question of detection of ilmuunologleal aarkers,
which could indicate susceptibility to Ilmmunopatholegical complications of
malaria such as quartan malaria nephrosis, hyperreactive malarial spenouwegaly
and Burkitt's lymphoma, but the group could not make any positive suggestions.

The discussions of the group were directed primarily ar studies of
Plasmodium falciparum infection as few assays for measuring immune responsive-
ness to Plasmodium vavax, FPlasmodium ovale and Plasmodium malarjae are yet
available.

Recomgpendations

L. A detailed review should be made of the reports describing early
studies which involved induced Infeckion with Plasmodium faleiparum in human
sub jects,
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2. Consideration should be given to the acceptabllity of leaving
untreated asymptomatic parasitaemic individuals resideat in endemic areas
detected during epidemiological studies, The consensus of the group was that
thiz i= justifiable in the context of epldemlologlcal studies in areas of high
and stable malaria transmission provided that parasitaemia is only modest,
regular follow-up 1s undertaken, that rreatment is continuously avajilable and
ilmplemented in accordance with local practice.

In areas of lower endemicity, perhaps in the context of vaccine trials,
the level of parasitaemia at which treatment should be imstituted must be
carefully assessed in the light of local conditious and clinical practice.

3. Studiles of possible indirect indicators of morbidity from malaria as
opposed to malaria infection should be undertaken. Posasible indicators that
could be investigated are haptoglobin, acute phase proteins, complement
components and Indicators of macrophage activation.

3. WORKING GROUP 3. NATURAL PATTERNS OF INOCULATION, THEIR GENERATION
AND THELR CONSEQUENCES

Certain qualitative and quantitative aspects of humen malaria trans-
mlssion under natural conditions are inadequately understood, The practical
implications of this area of research fall into four main categories:

(1) Implications for malaria transmission and specifically the effects of
transmission—blocking immunity. Do variations in the infeceivirty of
gametocytes and numbers of ococysts and salivary gland sporozoites
affect the number of sporozoites ilnoculated?

(2) Twplications for the epidemiology of clinical wmalaria as distinct
from effeets on tramsmission dynamics. Here the basle questions are,
do variations in the dose (number/frequency) of sporozeites inoculated
inte individuals affect the eclinical severity of the ensuing
infection? and do the effects of antisporozoite immunity depend upon
the size and frequency of sporozoite {noculum?

(3) How are sporozoite inocula distributed in rime and space in micyo-
environments? ‘

(4) Implications of the oceurrence within mosquito and human peopulatious
of mixturas of different =pecies of malaria or of different genotypic
forms of one species.

3.1 The Infe¢tious Reservoir of Human Malaria

The infectious reserveir inm the human population should be defined under
different conditions of endemicity.

(a) What is the distribution of gametocytes in the human population?

(b) Who is infectious to mosquitoes? Such studies should pay attention
to the age of the host, atage of infection and to changea 1in the
composition of the human population. It is important that “intrinsic”
infectivity of gametocytes be distinguished from “actual” lufectivity,
Thisz will entall the collection of serum and gametocytes from infected
individuals, Infectivity should be detected by direet feeding of
mosquitoes and also by membrane feeding in normal (non—f{immune) and in
the patieat's serum.
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3.2 Sporogonic Development im Relarion to Inoculum Size

Information is tequired in the following arveas;

(a) Quantification of ococyst and sporozoite numbers in naturally infected
mosquitoes, Particular attention should be paid to ensuring that low numhers
of sporozoites are not missed. Immunological methods curreatly available are
the only means for distinguishing specles of sporozoite. However they cannot
be entirely relied upon for accurate measurement of sporozoite loads. These
would have to be confirmed by dissection.

(b) Relationshlp between oocyst numbers and sporozoltes succesafully
entering the salivary glands, This relatlonshlp is likely to be affected by
the demsity of parasites at each stage and will have to be defined under
laboratory conditions.

{¢) The most critical area is the number of sporozoites actually injected
during feeding. More work is required to develep wmethods fo measure this io
wild-caught vectors in a manner which will clesely slaulate natural feeding
conditions., Ideally accurate measurements of sporogzolte aumbers I1noculated
should be obtained. However even semi-quantitative wmethods that distinguish
between small (e.g. 10 sporozoites) aund large (e.g. 1000 sporozoltes) would be
valuable,

(d) Factors affecting the development of sporozoite stages. These would
include the effects of host immunity and antimalarial drugs on sporogonic
development, not only on stages in the mesquito midgut but also on subsequent
sporogonic development in the haemocoel and in the salilvary glands.

(e) Factors affecring wvector competence. This would include genatic
changes 1in vector populations detected by karyotypic moniteoring and the
effects of the vector immune system.

3.3 Time/Space/latensity Distribution of FEatomological and Parasitological
Inoculations

There has been a tendency in both theoretical and practical approaches to
malariz traoswission to regard subjects living in a single environment as
having random exposure to sporozoites. It is now becoming clear thar this is
unlikely to be the case; thus studles in a number of areas with varying
transmission characteristics have indicated that there is a non-random
distribution both of mosquitos and iInfected humans within relatively small
microenvironpents, This may be important in determining patterns of disease
and has lmpllications for control strateglies and study design.

There iz a need for detalled investigations of sporezoite inoculation
distribution within microenvirvenments (Ll.e., between individuals within i house
and among small groups of houses) with emphasis on determining changes over
time, These studies are a necessary prerequlsite for studies to determine the
possible elinical/parasitological relevance of variacioans in sporozoite
distribution (see below).

It is expected that such studies may define different patterns of
sporozolte exposure, for instance some subjects may be exposed to relatively
constant challenges, gsome to inrermittant challenges with varying doses and
some to predictable patterns where frequency and dose of inoculations bulld wup
at certain times of the year. These patterns, for iInstance “trickle”
inocularion versus intermittent inoculations may be laportant in determining
the host immune response to infection. This aspect is best examined In
laboratory based studies and it is important that such studies be undertaken
in appropriate models (i.e. models in which even low dose inoculatilons lead to
uniformly fatal infections are not appropriate).
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Studies in several areas have indicated that an individual's lavel of
antisporozolte antibodies may provide a useful indicator of recent exposure to
sporozolites. This needs to be confirmed, such studies should take inte account
the relative transience of the antisporozolte response and atteapt to defioe
the age ranges and transmission conditions iam which this 1s a potentially
ugeful tool. It is important that whenever possible guch studies should use
comparable methedologles.

3.4 The Relationship Between Sporozolte Load and Clinical Outcome of
Infection

As indicared above individuals living in apparently similar environments
may be exposed to different doses and patterns of sporozoite Inoculation.
Clearly sporozoite inoculation is a prerequisite to establish malaria infection
but it may be that dose is also a factor determining the severity of clinfcal

‘disease. It would be helpful to investigate this possibility in appropriate
animal models or ideslly in a human experimental situation., It is accepted
that the accurate determination of ahsolute sporozoite loads received in the
field is not at present feagible but it may nonetheless be possible to examine
the question using relatively simple measurements of relative sporozoite load.
Buch studies will be dependant on initial descriptive studies recommended
above and 2 nuaber of different study designs may be appropriate in areas of
varying endemicity. It is an essential requirement of such studies that fiald
wethodologies be developed for the idenrification and classification of
clinical disease due to malaria.

A range of factovs operating ir the human host may govern the chance of a
particular inoculation resulting in infection. These include both specific
and non—specific¢ immune status, nutritional status and genetic backzround.
Most of these are best investigated under standardized laboratory conditions.
One particular question which deserves a joint laboratory and field based
appreach is the gquestion of whether superinfection is prevented or modified by
pra=existing hepatic infection, concurrent blood stage infectlion or even
iunfection with other organisms,

3.5 Mixed Infectiong

The term 'mixed Infection' encompasses two possible arrangements, firstly
the presence im vector or host of more than one malarial species at the same
time; secondly, the presence 1in vector or host of multiple genotypic
representatives of one malarizl specles,

{a2) Infections with more than one malarial species

In many areas where P, falelparum occurs, the epidemiology of imfection
with other malarial species is not adequately documented. This may reflect
both the perception of P. falelpsrum as & more serious problem and the faet
that other species are less prevalent and reach lower patragite densities, so
that they may be overlacked if B, falciparum parasites are present in a blood
film,

Several lines of evidence from epldemiological and clinical atudies in
endemic areas and from both experimental infections in man and animal models
suggest that, when present at the same time, one specles of malarial parasiie
pay modify the characteristics of infection by another sgpecies of parasite,
Twe situations where this may be relevant to human malarias were considered.
Firstly it is possible that in areas where P. falciparum and P. malariae occur
together, P, malarlae infections may to some extent be suppressed. The
question arises a5 to whether the specific reductlon of P. falciparum alone,
for instance in a vaccination campaign, would lead to changes in the natural
history of P. malariae infections -~ the most imporcant possible consequence
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being an increased prevalence of associared vemal disease with P. malariae.
Lt would be helpful to pay more attentlon to interactioms of different malarial
species in epidemiological studies even when the maln focus of Interest is on
B, falciparum. Advantage ghould be taken, as developments permit, of the
avallability of speciss-specific diagnestic probes which may overcome some of
the problems of determining true prevalences. Polnts of transicion, elther
temporal or geographical, offer particular opportunltles for studying the
aeffect on one parasite species of changes in prevalence of another species.

A second potentially important phenomenon 1s the apparent modificatien of
the severity of P. falciparum infection by preceding infection P. ovale,
reported during the treatment of neurosyphilitic patients. The relevance of
these observations has not been studied in endemic areas, The availability of
monoclonal antibodies both to P. ovale €5 protein and to blood stages of fers a
means of examining this in epidemiological studies focused om elinical P,

faleiparum malaria.

(b) Mixtures of genetically distinct parasites of the same species

There 1s a rapidly expanding awareness of the degree of genetic diversity
within malarial speciles, particularly in B. faleiparum and P, vivax. This has
ifmportant implications both for our understanding of the epidemiology of
malaria and in particular for our thinking on vacclmation, It is essential
that studies be undertakepn to examine the degree of generic diversity both in
human and mosquito populations and in individval human and mosquite infections.
Because opportunities for genetic recombinatlon may vary widely depeading on
transmission characteristics, these studies should be carried out in areas
covering the complete range of endemicities. The availability of monoclonal
antibodies, DNA probes and technologies based on the polymerase chaln reaction
(PCR) will facilitate these studies and steps should be taken to make reagents
and facilities as widely accessible as possible. An area of particular
importance 1s the pattern of large seasonal peaks of clinical disease agalnst
a relatively constant background of asymptomatic infection, which is charac—
teristic of many endemic areas, The question of whether this is due to the
transmission of different genetic forms or whether it is related to changes in
sporozoite Iooculum size should be tackled using approaches outlined above.

General Recommendations

1. It is necessary that epidemiological studies are dome under a range
of endemic conditions. There is especially a lack of information from areas
of low endemicity.

2. Entomological facilities are essential for comprehensive eplidemio—
logical studiss. Facilities for maiataining vectors amnd for conducting
infectivity studies should be established whexe these studies are to be
carried out.

3., Mechanisms should be formulated by TDR to facilitate the linkage
between laboratories in developed countries where technologies are avallable
and those in disease endemic countries 50 as to make available infermatlon,
reagents and technology for these studies 1n endemlc regions. For example
monoclonal antibodles, and oligonucleotide probes to be used in the polymerase
chain reaction for typing parasites.

4, Development of new techniques that could facilitate studles suggested
above, e,3. sexual and sporogonic stage {ookinete, cocyst) specific dlagnostic
reagents.,

5. TDR should offer continued support to selected institutions im
sndemic areas which are capable of carrying out comprehensive epidemiological
studies,
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4,  WORKING GROUR 4. USE OF IMMUNOLOGICAL TESTS FOR EPIDEMLIOLOGIGAL
CHARACTERIZATION AND CLASSIFICATION OF MALARIA SITUATIONS

The group attempted to identify immunological tests that would serve as
epidemiological measures of the wvarious stages of the malaria Life cycle and
be applicable to varicus malaria situations. These are listed in terms of the
priority assigned to them,

l. Detection of C8 antigen in mesqultoes as a measute of species-
speclfic endemicity. For falelparum malaria, standardization has been
accomplished, Availability of reagents needs te be centralized., For vivax
malaria the basic wmethodology still requires standardization, For malariae
and ovale malaris methodology requires development,

2. Detection of €S antigen in mosguito tissues Is still controversial as
a4 measure of sporozoite inoculation rate. The group recommended that high
priority be given to the resclution of this problem.

3. Detection of B. falciEarum C5 zerum antibodies allows measurement of
exposure to sporozoltes and assessment of levels and patterns of transnission
in endemic populations. Availability of reagents needs to be centralized,
The selection of a single capture antigen is recommended.

4, Detection of (€5 serum antibodies to other malaria speciles requires
standavdization and selection of appropriaste capture antilgens. The group
recommended a high priocity for this task.

5. Emphasis should be given o the identiflcation of EE-specific
antigens as an epidemiological teel and as a possible measure of malaria
incidence.

6, ELISA methodology should be developed to replace the conventional
IFAT ugsed as a geasure of asewxial blood stage immune response. FPriority has
to be given to identification of appropriate defined antigen{s).

7. Further studles should be carrvied out to ideatify sexual stage
antigens that would be useful in epidemiological studies in addition teo those
related to vaccine development.

General Considevatlons

As was the case with antibodies to sporozoltes, epidemiological studies
on other defined stage-specific antigens and antibodies against them could
reveal further useful walariological indicators.

The group recommended further research to identify serclogical markers of
the severity of malaria disease and specific complications of malarla, e.gx.
cerebral malaria,

Alternative methodologies should be developed for the identificarion of
paragite satages and species such as oligonucleotide probes, and research
should be encouraged on the identification of markers for parasite virulence
and for relapse and reecrudescence of Infection.

The group recommended that valldation and standardization of merthodology
be done in established institutions in various geographical locations. This
implies a role for TDR in ecollaborative npetworking between individual
investigators, and the TDR assume & positive role In  promotiag the
availability of stacndardized reagents to responsible investigzateors and
institutions.
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Popasible uses of malaria vacelnes, Some implications for research, by
L, Molipeaux

Antigenic diversity of sporozoite and liver stages and diversity of immune
response, by L. Schofield

Epidemiology of antli-sporozoite immunity in Thailand, by H.K, Webster,
C. Wongsrichanalai, A.E. Brown & J.B. Gingrich

Differential antibody responses to P. falclparum and P. vivax C5 proteins in a
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The antigens and epitopes of the sexual stages of Plasmodium vivax, thelr
diversity and the diversity of man's immune response to them,
Epidemicloglical aspeets, by  K,N. Mendis, R. Carter, J,5.M. Pelris,
AP K. Zoysaz & P.H. David

The antigens and epitopes of the sexual stages of Plasmodiumm falciparum, thelr
diversity and the diversity of man's immune response to them. Epidemlo-
" leogical aspects, by Je H E.T, Meuwissen, T. Ponnudurai & P,J, Beckers

Correlation between immune response to F. falciearum and protection, and their
devalopment in human populations, by B.M. Greenwood \

Identificarion of a potentially protective T-cell eﬁitope on the Plasmodium
falciparum C5 protein, by §. Hoffwen, C.N. Oster, €, Mason, J.C. Beiler,
J.A. Sherwood, W.R. Ballow, M. Mugambi & J.D, Chulay

Correlation between {mmune response to P. vivax and protection, and their
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Malaria transmisslion potential of wild afrotropical Anogheles: Sporozoite
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M. Ramadhan, D.K. Koech & C.R. Roberts

Effect of antibodies or chloroquine administered to malaria infected wosquitos
and its possible implications for transmission, by V.E. do Rosario
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Sporogoite dose and rhe outcome of malaria infections, by K. Marsh

Natural inoculations as potential boosters of artificial {mmenity, by R, Carter
& M. Good

Immunotechniques for malaria epidemiology. The use of immunological tests for
the epldemiological characterization and c¢lassification of malaria
situations, by F. Esposito, A. Habluerzel, 5. Lombardi & §. Goriup

Epidemiologlcal aspects of lomunepathology in malaria, by G.E, Grau &
P.H. Lambert

The epidemivlopgy of mixed infection in relation to the possible uses of malaria
vaccines for malaria control. Some implications for research, by
L. Molineaux

Interactions betweein HIV infection/AIDS and Plasmodium falciparum malaria;
by P. Nguyen—Dinh

The diagnosis and grading of clinical malaria, by 1. MeGregoer
Assessment of immunity (protection) against malaria, by G.V. Browm
Comparacive Lla vivo/in vitre analysis of jmmunity to P, falciparum bleod

stages: study design in § Thai patients treated with African IgG and
preliminary rasults, by Tan Chongsupajaisiddhi & P. Druilhe
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