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This raport containg the cottective views of an International group
of experts convened by the UNDP/WORLD BANK/ WHQ SPECIAL
PROGRAMME FOR AESEARCH AND TRAINING IN TROPICAL
DISEASES (TDR). ft does mat necessarily reflect tha views of
TDR/MHG. In the interests of rapid communication it has been
submitted ta only minimal editorial revigion, Moreover, any geo-
gtaphical designations used in the report do not imply the expres-
sion of aay apinion whatsoever on the part of TOR or WHQO
cancerning the legal status of any country, tersitory, city or area ar
aof its authorities concerning tha delimitation of its frontiars ar
boundaries.

Ce rapport exprime les vues cellectives d'un groupe internatinnal
d’experts réuni par le PROGRAMME SPECIAL PNUD/BANCUE
MONDIALE/OMS DE RECHERCHE ET DE FORMATION
CONCERNANT LES MALADIES TRQPICALES (TOR). 1) ne
reprdsente pas nécessairerment fes vues du TORAIMS et en vue
d'une diffusian accélérée, i n'a pas 46 S'pbiet d'une mise 2n forme
particutibrement soignée, En outre, 88 noms géograghigues utilises
dang le présent rapport nlmphquant de la part du TDR ou de
I'OMS, sucune prise de position guant au statut juridigue de tel ou
tel pays, territoire, vilfe ou zane, ou de ses autorités, ni quant au
tracé de ses frontidres,
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INTRODUCTION

Recent developments in immunclogy and molecular biclogy indicate that
vaccines agsinst malaris sre on the horizen, There are three main approaches
to malaria vaccine development, based on different stages in the life cycle of
malaria parasites. The vaccine targets currently envisaged are the pre-
erythrocytic stages (sporozoite and liver forme), the asexual blood-stages, and
the sexual and sporogenic forms whieh develop in the mogquito vector. Vaccines
based on these life cycle stages can be expected to elicit different forms of
protective immunity, and a number of specific considerations will arise in the
planning of the clinical and epidemiological evaluation of each typa. The
general planning of malaria vaccine trials and the phases in which they will be
developed are considered in the report of a meeting held in WHO, Geneva, in
February 1985,,4. Another WHO document considers the epidemioclogical
evaluation of P{asmodium faleiparwre sporozoite vaceines in malaria-endemic
Aareas sy .  The present document considers the evaluation of P. falciparum
asexusl blood-stage vaccines in populatiens cxpesed to natural challenge.

Field trials of the kind discuseced In this document sheould be carried out
only after early clinical studies (Thase I and Phase 1I) are completed in
volunteers [n both nen-endemic and endemic areas. These early trials should
establish the basic safety, immunogenicity and efficacy of the vaecine (against
some end points of interest), and the appropriate dosage,

This document: is addressed te national health autherities, in particular
to those of malaria-endemic countries interested in the potential use of P.
faleiparum asexual blood-stage vaccines for the control of malaria, and to
research scientiscs interested in the development and field evaluatien of such
vaccines. The puldelines may help public health offiecials to make decisions
about malaria vaccine trials to be conducted in thelr countries, including not
enly field (Phase III) trials, but also the required earlier clinical trials.

This deocument was produced by a proup of consultants and a working
group composed of members of the WHO Malaria Action Programie (MAP) apd the
UNDP/WORLD BAMK/WHO Specisl Programme for Research and Training in Tropical
Dizcases (TDR) in WHO Headquarters, in consultation with colleagues from the
same and other divizions of WHO, and with the TDR Steering Committees on the

Imnunolepgy of Malaria (TMMAL) and on Applied Field Research in Malaria
(FIRLDMAL) .

In this repert, the terms "immune” and "immunity" indicate resistance to
infection, resulting from previous infectlon or vaccination; “immune response”
Is used to deseribe the host's humoral or cellular immune response which
follows cxposure Lo antigens, e.p, fo]lQWing infection or wvaccination, but
which doas not necessarily refleet or correlate with a state of proteection
against adverse effects of infection, Immunity may be reflected by either
resistance agsinst the clinical effects of malaria infection or against the
dovelopment of parasitacmia,

(1} Prirciples of malaria vaccine trials: Report of a jolnt meeting of the
Scientific Working Groups on Immunolopgy of Malaria and on Applied Field
Resecarch in Malaria. Document TDR/IMMAL-FIELDMAL/VAC/B5.

{2) CGuidelines for the epidemiolopical evalustion of Plasmodium falciparum
spororoite vaccines. Document TDR/MAP/SVE/PF/86.5

B.M, Graenwood, T.K. Rucbuszh and P.G. Smith
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A. GCENERAL BACKGROUND

1. Developmant of Plasmodium faleciparum asexunl blood-stage vaccines

Most of those living in areas where P, falciparum is endemic develep
effective fmmunity to malaria only after suffering multiple infections, usually
over a perlod of several years. The resulting may not completely suppress .
parasitaemiz and adults whe have been expoczed to malaria throughout life
frequently have asymptomatic parasitaemias, Experimental infection of huméns
has shown that s single infeetion with P. faleipsrum tends to medlify the
severity of subsequent infections and among children living in an endemic area
the clinical effects of successive infections become progressively less
severe, It is possible that an asexual blood-stage vaccine would have an
effect similar to that preduced by repeated natural expesure, dramatically
reducing mortality and merbidity while not completely preventing parasitaemia,
In such a situation subsequent infections might boost vaceine-induced irmunity.

The feasibility of vaccinating against the asexusl bleod-stages of malaria
has been demenstrated by immunizing animals with whole merozoites. Relatively
large numbers of asexual blood-stage parasites of P. falciparum can be produced
o yitre but ir is not feasible presently te base a vaccine on such marerisl
because it is impossible to produce encugh parasites sufficiently free of
components of the human serum and erythrocytes in which they are EYawn.
Therefore, current efforts are directed at developing a subunit vaccine.

The asexual blood-stages of P. faleipsrum are antigenically complex and
infection regults in immune responses directed against many different antigens,
It is assumed that immune responses induced by the majority of these antigens
are irrelevant te protection, or may even be undesirable, and that only a small
number of the antigens induece protective immune responses. The first stage in
the development of a vaccine against the asexual blovd-stages of P, faleciparum
is the identification of the antigens that are capable of inducing proteective
immune responses. Although useful information has been obtained from immuniz-
ation trials with antigens purified from infected erythroaeytes, it is necessary
to clone the genes for candidate vaccine antigems so that their vaccine
efficacy can be assessed using recombinant preteins or synthetic peptides,

A large number of antigens of the asexual blovd-stages of P, falciparum
have now been described and the genes encoding many of them have been cloned,
Nene of these antigens appears dominant as a target of protective immune
responses. Rather, several antigens appear to be capables of indueing immune
responses that limit the growth or development of F. falciparum and it is
poszible that maximum efficacy will be achieved only with a vaccine that
combines szeveral of these antigens.

Antigens currently considered te he candidates for inclusien in anti-
P, falciparup asexual bleod-stage vaccines are deseribed in Anmex I.

2. The possible parasitological and clinical consequences of immunization

with P. faleipayrum asexual blocd-stage vaceines

Evidence from animal models suggests that immunization with asexual blood-
stage vaccines may not prevent the appearance of parasitaemis, but that such
vaceines may reduce the density of asexual blood-stage infections and emhance
the clesrance of parasites from the blood, thus reducing the severity of
clinical disease. The Iimmunity produced by bloed-stage vaccines may be similar
to the naturally acquired immunity of human populations exposed to intense
transmission of P, fslciparum. An effective asexual blood-stage vaceine would
be expected to reduce the number of gametocytes produced and hence reduce the
infeetivity of the heost to the vectoer, as in naturally acquired immunity, How-
ever, there may be diffevences in this respect between natural and asrtifieigl
immunization, as well as between different asexual blood-stage veccines,
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Fotential effects of P. falcipapym asexual blood-stage vaccines in
vaccinated individuals are summarized in the following Table:

Variahle affected

Probable effects

Other possible effects

Infectien (paraszitaemia)

Iimnune response

Morbi{dity (digesse)

MOrLElitY(a)

Little or no change
in inecidence
Decreazed denszity
of P_ falciparum
asexual blood-stages
and, probahly,
gametocytes

Decreased duvation

Increased response to
P. falciparum asexual
blood stages

Ne change in response
to sporozoites(z)

Decreased incidence
Decreased severity

Decreased morcelity
rate

Decreased case fatality

rafe

Increased prevalence and

density of P.\malariae,

P. wivax, P. nva]a(l)

Decreased response to

P, falciparum sexual

stages (3)

Inecreased incidence of
complications during
iﬂfECtiOnS (5)

(1} SBupponsing that P, falciparum infection itself suppresses or masks
infections with the other malaria parssites.

(2) Unless thare is suppression of the response to sporozoites by the asexual
blood-stages, and removal of that suppression by immunization,

(3) Assuming decreased production of P. falelparum gametocytes,

(4) Decrease {n mortality caused directly or indirectly by malaria: in terms
of vital statistics, there is likely to be a dectrease both in
malaria-specific mertality sand in the mortality rate from all causes
combined, snd the absclute decrease in the latier may be greater than In

the former,

(5) A malaria vaccine could theoretically induce a state of altered immunity
which would result in an exaggerated and harmful immune tesponse on

natural exposure,
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3. Agsexual blood-stage vaccines and malaria control

A major purpose of field trials of a vaceine should be to determine its
potential ugzefulnezs for disease control. A discussion of the potential uses
of asexual blood-stage vaceines is lmportant fer plamning their evaluation and
their further develepment, as the most desirable c¢haracteristics of such
vaceines may vary aceording to the epidemiologlceal situation in the area in
which they are used., Two broad categories of use for malaris vaccines can be
distinguighed: the protection of vaececinated individuals and the control of
transmission. Sporozoites vaccines may fulfil beth thesze roles, gamete
vaccines only the second. Asexual bloeod-stage vaccines should induce clinical
protection; whether they will also reduce transmission will depend upen their
effect on the infectivity of vaccinated individuals, which i=s not known at
present,

3.1 The protection of vaccinated individuals

3,1.1 Protecbtion of resjidents of endemic areas

Permanent residents in endemiec areas constitute by far the largest
populations that would benefit from malaria vaceines and they are the major
target group for eventual vaccine use. Vaccines may be of specisl importance
among permanent residents, for newborn infants, with or without passive
(maternal} Immunify, snd pregnant women. If an asexual blocd-ztage vaccine is
to "shertcut" an otherwize slow and hazardous acquisition of immunity, it may
have to be administered socon aftex birth. In some situations non-immune
immigrants settling into endemie areas may constitute another especially
important target group.

As the protectien given by a wvacecine may not be long lasting, periedie
revaccination may be required for eontinuous protection. Alternatively,
ifmmunity might be maintained after vaecination by natural exposure to
infaction, depending on the effeet of natwral infections and on the intensity
af infection in a vaccinated populatioem,

3.1.2 Protection of non-immune visiters to endemic areas

The role of ssexual blood-stage vaccines in the protectien of nonimmune
visitors to endemic areas will depend on the degree of protection given by the
vaccines, and on the velative merits of alternative methods of protaction, such
as chemoprophvlactic drugs or sporozoite vaeccines,

Non-{mmune visitors are a significant target group for vaccination. This
could affect vaccine design, as the requirements of non-immune visitors may
differ from those of permanent residents of endemic areas. For example, a
vaccine giving & high degree of protection, but for a short duration, may be
adequate for many visitors. Also the convenience of mass administration is
less important for temporary visitors than for permanent residents. The
addition of a sporczoite vaccine to an asexual blood-stage vaccine may be
desirable for shert-tetm visitors, but not necessarily for long-term residents
(e.g. if natural boosters are important), The acceptable cost of a vaccine is
likely to be higher for many visitors than for residents of endemic areas.

Certain classes of temporary visitors may be useful for the evaluation of
malaria vaccines, including asexual bloed-stage vaccines. Organized groups
{e.g. military personnel) have specific advantages: they can be clesely
monitored; chemoprophylaxis may be withheld, since tresatment can be made
readily available; they may be non-immune; they may be exposed to a wide
variety of epidemiological situationsz; and prolonged fellow-up under close
nmedical supervision may be possible.
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3.2 Contrel of transmission

Little i= known ashout the effects of suppressing asexual blood-stage
infections on the preduction of infectious gametocytes, but it is likely that
an effective asexual blood-ztage vaccine will have some effect on gametocytes
thereby reduce transmission.

3.3 CGonglusion . _prioxitiss

In asscssing the posgible role of aszexusl bleood-stage vaccines in malaris
control, priecrity should be given to the evaluation of the impact of
vaccination on the following:

- mortality, ip communities where malaria is an important cause of
death

- Incldence and severity of ¢linical malaria

- Incidence, density and duration of asexual parasitaemia

- incidence, density and duration of gametecytazemia, and infectivity
for vectors

4. Factors likely to affect the outcome of P. falciparum asexua

vaccine trials

A vumber of factors may affact the outcome of vaccine trials, either
becauge they interfere with the effectiveness of the vaccine or because they
have an independent effect on exposure to malaris or on its manifestations, or
on both. Variation of such factors may affect vaccine efficacy in different
places, times and persons and may lead te variability in the response teo vaccel-
nation between communities. Thus, it iz important teo review these facters, in
order to decide which, 1f any, zhould be taken inte account either In the
planning of a vaceine trial {e.g. by stratification and/or randomization) or in
analysis of fts results (e.g. by stratification). Some of the potentially
ralavant Factors that sheould be considered befere a trial is started are listed
helow,

4.1 Paragltolopioal factors

a.1.1 Antigenic diversity and variation

Anligenic diverslty of asexual bleod-stage antigens has been demonstrated
belh between and within geographic areas. The outcoma of a wvaccine trial might
be influcnced by the degree of similarity between the antigenic characteristics
of the parasites from which the vaccine was prepared and the antigenic eharae-
teristics of the malaria parasites dominant in the study area. Thus, 1t is
desirable to know somathing sbout the antigenic characteristics of the para-
sites provalent in a proposed study area before a vaccine trial is planned, and
to monitor whether the antigenic characteristiecs of the dominant parasites in
the study community are changed as a result of vacecination.

6.1.2 Dryg ssnsivivity
Ernowledge of the drug sensitivity of the malaria parasites In the study
area will be {wportant for decisions on which drugs are used to treat

infactions at the keginning of the trisl and during its course

4,1.3 Mixed infections

P. fuleiparum infection is commonly accompanied by iunfection with one o

more other specles of malaria parasites. It is gencrally belleved that, within
the human host, P. falgiparum parasitaemia suppresses or masks the parasi-
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taemias due to other malaria parasites and a successful P. falciparum bloed
stage vacecine might result in an increased incidence of clinical attacks of
malarisa caused by othet species. Thus parssitaemia due tc other species of
malaria must be measured in a P, faleiparum vaceine trisl.

4.2

Human nost factors

4.2.1 Immunelosical

{a)

{b)

(c}

(d)

4.2.

(a}

{b)

(e

(d)

(=)

Pre-existing acquired active immutity. The level of existing ifmmune
responsiveness resulting from previous natural expesure may influence the
response to vaccination and prior investigation of the study community
will be required.

Passive immunity in infants., It iz possible that maternally-derived
factors eould suppreszs the immuné response of infants to an asexual
blood-stage vaceine,

Suppression of the immune response to vaccination might result from a
concurrent bleood-stage infection. Such an effect could be removed by
treatment, pessibly a few weeks before vaccination. Treatment would alse
facilitate the detection of new infectionz and hence the assessment of
protection provided by vaccination.

Heterogenaity of Immune responsiveness. If heterogeneity of immune
reapongiveness to the vaccine antigen is an important factor, this should
be detected at the stage of vaccine development. An antigen that iz not
recognized by & significant fraection of the target population is not a
good camdidate as an immunizing agent,

2 Other human host factors

Ape sud sex and pregnancy may influence both the response to vaccination
and the risk of infection so that trials done in subjects of different
groups may have different outcomes,

Several genetic factors affect host responses to P. falciparum, in
particular Hb-5, thalassaemias, ovaloeytosis and some types of G-6-FD
deficlency and the prevalence of these factors in a community might
influence the outcome of a vaccine trial.

Human behaviour may influence vaccine trials in several ways, Occu-
pational, sccial or other activities may affect exposure te vectors,
personal protective measures may reduce exposure to malaria, and treatment
sesking and drug usage patterns may alter the apparent effeect of a
vaccine. These factors must be taken inte account during the design of
protocols for vaccine trials. Vacelne trials should not take place in
communities where these factors are likely to change during the cource of
the trial.

Other diseases, such as HIV infection, may alter the response to malaria.
infectlon or to the vaccine and their presence may complicate evaluation
of a malaria vaccine trial, Records should be kept of such diseases in
trial participants.

Inttoduction of a new vaccine may influence the zcceptability of other
vaccines according to how well it is tolerated. It may alsoe affect the-
immune responses to other vaccines and influence their zside-effects.
These potential interactions will need to be considered in evaluating
malaria vaccine trials.




TDR/MAR/AVE/PF/89 .5
page 8

(f) The nutritional status of a study community might influence both the
immune response to vaccination and the pattern of malaria in that
community. It is probably advisable, at least inltially, not te conduct
early vaccine trials in severely malnourished populations or individuals.

4.3 Entomological factors

The entomological factors which could affect the outcome of malaria
vaccine trials ave the intensity and seasenality of natural challenge and
bocster immunizat{on by sporexcite ineculations. A vaccine may prove to be
more effective in an area of lew challenge than in an area of high c¢hallenge,
or vice-versa, so that it will be Impertant to know the level of challenge to
which vaccinated subjects have heen exposed,

4,4 Conttrel messutes

Malaria centrol measures, i.e. vecter contrel, centtol of man-vector
contact (bednetsz, ete.) and antimalarial drugs, may all affect the endpoints
(infection and disease) of malaria vaceine trials. It is recommended that
vaccine trials sheould be conducted in areaszs and populations in which no
signifigant changes in mslaria control measures are planned, except as part of
the trial, It {s also recommended that any measures, applied either on a
comourial or on an individual basis, be monitored. In partieular, records
should be kept of the use of antimalarial drugs, from whatever source,

B. FIELD TRIALS IN MALARIA-ENDEMIC COUNTRIES

1. Objectives

1.1 To measure the effect of a P. falgipetrum asexual blocd-stage vaccing on!
(1) mertality due to malaria;
(11)y incidence and severity of P. falciparum symptomatic malaria;

(111) incidence and dengity of F. falciparum asexual blood-stage
parasitaemia,

(iv) prevalence of P. felaiparum pametecytasmia and infectivity to the
vector;

(v) the immune response to blood-stage antigens, and s correlation with
any effects on (i), (ii) =snd {(iii).

1.2 To measure any side-effects attributable to vaccination.

The majar endpoint of public health Importance in the use of a malaria
vacoine is the reduction of mortality. Tt is possible that s vaceine that
reduces morbidity (the incidence of disease} would have little impact on
morrality, It would be highly desirable, therefore, to measure mortality io
early field trials of a candidate vaccine. The primary resson for conducting
such studies early in the field evaluation of a vaceine is that it may be
judged unacceptable to do se (in a deuble-bBlind compariszon including a placebo)
once a vaccine has been shown to reduce morbidity, Hewever, an early trial of
mortality will invoive the immunization of a large number of children with a
vacecine whose efficacy is unknewn.
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2. Information required from early clinjeal trials
{Phase 1 and Phase II)(1)

Early cliniecal trials are required t¢ produce the information needed for
the planning of field trials, in particular information regarding: safery,
acceptability, immunogenicity and efficaey (protection, ineluding its duration)
following artificial challenge, by age, sex, and past malaria experience:
vaccine formulation, storage, dosage; and the booster effeect of revaccination,

There are major differemces between non-immune subjects in non-endsmic
areas and populations living in endemic areas that could influence the rasponse
to malaria vaccines and the evaluation of rhe results of vaccine triala {see
section 4). Because of these differences, the results of clinical trials in
nen-endemic areas cannot provide an adequate basis on which to begin field
trials in endemic areas and it will be necessary to repeat early clinieal
(Phase I) trisls conducted in non-malarious areas in some, but not necessarily
all, endemic areas. The need ro repeat Fhasze I trials before proceeding with
fileld trials will depend on the gvailability of information from other trials
carried out in areas in which the epidemiology of malaria is similar. 1In
additien, for ethical reasons, clinical trials in some special high-risk
groups, e.g. pregnant women and infants, can only be ¢arried ocut in malariocus
aress.

It is envisaged that the process of vaccine evaluation leading to
large-scale field trials is likely to take place in the following sequence:

{i) trials in non-immune adults in a non-malaricus area o evaluate
" vaccine safety and immunogenicity (Phase I)

{(ii) trials in non-immune adults Iin & non-malarious area to measure
protection following artificisl challenge (Phase IIa)

(iii)rrials in partizlly-immune adults in an endemic area to evaluate
vaceine safety and immunogeniecity (Phase I)

{iv) trials in small groups of partially-immune adults to measure
protection following artificial or natural challenge (Phase IIb).

(v) small trisls of safety and immunogenicity in elder children, young
children and pregnant woman.

Trials invelving artificial challenge may not be necessary in all endemic
areas in which field trials are envisaged, The decision om whether or mot to
conduet grtificial challenge trials before embarking on a large scale field
trial will depend, among other considerations, enm whether the level of natural
challenge is sufficiently high and predictable in the study area to allow the
evaluation of protection against development of parasitaemia in a small number
of subjects and on local technical capabilities and interest,

A special problem exists with respect to the evaluation of asexual blood-
stage vaccines. Because of the potentially life-threatening nature of P.
faleiparum infections in non-immune subjects, it will be necessary to tyeat
artificially induced infectiens very soon after parasitaemia becomes patent.
Congeguently, it may be impoessible in Phase I trials in nen-imoune subjects to
identify vaccines that reduce the level of parasitaemia and/or the geverity of

{1y Principles of malaria vaccine trials: Report of a joint meeting of the
Seientific Werking Groups on Imunclogy of Malaria and on applied Field
Research in Malaria. Document TDR/IMMAL-FIELDMAL/VAC/8.3
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symptoms but do not provide complete protection against parasitaemia. Such a
mode of aztlon is likely with vaceines directed agailnst the asexual blood-
atages and It will be possible to show the efficacy of suech vaeelines only in
field trials done in endemic areas.

The decision on whether or net teo preceed with & field trial of a vaccine
for which efficacy has not been demonstrazble in Phase IIa trials will be a
diff{icult one; it will be influenced by the results of other immunological
gtudies, ineluding trials in non-human primates. Demonstration of efficacy
after artificlal challenge in a Phase 2 trial iz not an absolute requiremant
for a Phase 3 trial of an asewxual blood-stage vaceine,

3. Griteria for the selection of areas/populations for field frials

The seleaction of areaz/populations for field trials will be eritical. In
making Lhis selection, and in planning the baszeline studies for a trial, it
will be important to take account of the fact that it will not be poszsible to
carry out successive malaria vaccine trials in the same peopulation. Such
trials would be likely to produce insoluble problems for the interpretation of
results obtained.

Epidemiolopgical eriteria

A condidate vaccine should he avaluated in the range of epidemiological
silualions and geographic areas in which it (s likely to be relevant to
control, The fellowing populations merit highest prierity: resldents of aress
with intense seasonal transmizsion; vesidents of aveas with intense perennial
transmission; and non-immune immigrants of diffevent age groups (previously
unexposed or with limited exposure) settling in areas with intense ssasonal or
perennial transmiazsfon., Judicicus selection of the timing of wvaccination in
relation te the transmlesion season could be useful. The inglusion of both
areas with seasonal and with perennial transmission iz justified because those
two kinds of malaria transmissgion are likely to induce different patterns of
naturally-acquired immunity. The justification for including immigrants is
that they are & high-risk group for malaria and comprise non-immune subjects of
all apes. To investigate the duration of protection that cccurs when boosting
natural Inoculations are uncommon, trials in areas of low transmission will be
roguirad,

3.7 QOperationsl criteria

Tn aress that meet the epidemiological criteria above, the selection of
appropriate sites for community-based field trials will depend on a number of
additional factors, The following operational eriteria may asesicst in assessing
the suitability of a particular site:

(ay A genuine commitment of natienal authoritiesz te the conduct of the trisl
will help in galnlog the suppert and confidence of both community
particlipants and health professiongls,

Availability and involvement of national research institutions with
interested national (and/or international) investigators and field/
laharatory teams Lo provide local expertize and which have access to
national and international resourcas to support the trial.

Reasonable expectation of social and pelitical stabilicy at the nationsl
and local levels.




TDR/MAP/AVE/PF/89 5
page 11

(d) A sufficlently well-established health service infrastructure to meet the
primary health care needs of the population and to provide for referral of’
cazses to hospital when required.

{e) A well-ectabliched, affective programme for administration of existing
vacecines against other diseaszes.

() Awvailsbility of basic lesbotatery services in reasonable proximity te the
proposed trial site,

(g7 Adeguate transportation and communication infrastructure teo provide access
to the population and for the population te have acecess to the health care

services on a year-round basis.

(h} Availability of background data on the epidemiolagy of malaria, including
information on the levels of malariaz merbidity and mortality.

{1) The potential for the site to serve as a field training centre.

& . Background information requived to desipn 8 field trial of a vaccine

In order to design a field trial it will be necessary to have =ome
information on the epidemiology of malaris in the proposed study area, Data
will alzo be required on the demography of the study population, and on
patterns of antimalarial drug usage and on other malaria control messures.
Such infermation msy already be available; if not it may be necessary to
conduct a longitudinal study in the area before the trial grarts., The
following 4 items will be vequired in order to plan the size of a rrial,

4,1 Mortality rates:

If mortality is to be used as an end-point of the trial, estimates will be
required of death rates, from all causes and from malaria, among subjects in
the age groups in which the trial is to be eonducted., To estimate these rates
it will be neceszsary to conduct a census of the study ares, in order to have
the denominator for rate saleulstions. A surveillance system must be set up to
detect deaths {see Armex 1). Such surveillance should be conducted in a
population ineluding several thousand children so that ressonably reliable
estimates of death rates are obtained.

4.2 Incidence rates of malarial infectiep

In a sub-group of subjects representative of those to be included in the
trizl, all, or all with parasitaemia, gshould be treated with antimalarials te
clear malarla parasites from their bloed., These subjects should then be
followed ovey an extended period (e.g. a year), with regular bloeod slides being
taken to detect new infections with malaria. 1In this way, inecldence rates of
different szpecies of malarial infection cam be obtained that can be categorized
by age, sex and season.

4.3 Incidence rates of clinical malaria

A larger sub-group of subjects {(than required for 4,2), also represen-
tative of these to be in¢luded in the trial, should be visited regularly (e.g.
weekly) and any subject with fever should have a blood slide taken, Those with
fever and malaria parvasite levels over defined limits may be classified as
cases of clinical malaris (see Anmmex 1) for the calculation of malaria attack
rates. Rates can be caleulsated according to age, sex, saason, etc,
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4.4 Migratien
Data should be ceollected on cut-migration of subjects from the study area

in order te sstimate what proportion of subjects {n a longitudinal study might
be last to follow-up.

Additional information that would he essential for planning a field trial
includes:

4.5 Consumptien patterns of antimalarisls

Sources of antimalarisls in the study area should be identified and
surveys conducted of consumption patterns of antimalarials in those in the age
groups to be included {n a trial. Subjects, or their parents should be acked
what actions they take and where treatment is obtained when they, or their
childrven are 11,

4.6 Sensitivity of malaris parasites to different drugs

This information will be required in erder to select the chemotherapeutic
regimens needed to clear parasitaemias and to treat malaria in the gtudy area.

4.7 Acceptabllity of vaccination

Studies should be conducted to eonfirm that a high proportion of the
population targetted for vaccination would accept the vaccine. This might be
dene in pilot studies of vaccination in the study area (e.g. for immunogenicity
testing) .

4.8 Othey background data

As discussed in section 4.4, it would be desirahle to have information for
the proposed trial area on some or zll of the features listed below {n order to
he able te compare and contrast the results of trials conducted Im different
areas:

{a) The diverszity of asexual blood-stage antigens in malaria parasfites in
the study area,

(k) TImmunological responsesz induced by natural infectien in perseons in
different apge groups to the antigens present in the vaccine.

(c) The prevalence of genetic factors whiech affect host responses to

P. falciparum, in particulsr Hb-8, thalassaemias, ovalocytosis and
G-6-PD deficiency.

(d} The prevalence of other diseases that might alter responses to
malaria or antimalarial vaccines {e.g. HIV infaction).

{e) The coverage of the population with other vaccinesz, and the Ages at
which these are given.

(£) MNutritioral scatus of the study population.

(g? Past and present malaria control measures: patterns of drug
resistance.

(h) The use of personal protection measures =gainst malaria (e.g. hed
nets, antimalsrial drugs),
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{1} Behavioural and sacial factors that may affect exposure to malaria
{e_.g. occupations),

(j) Entomological factors that may affect the outcome of a vaccine trial
(e.g. sporozoite inoculation rate and behaviour of local vestor
mosquitoes),

5. Trial desipgn

The trial should consist of a double-blind comparison between a vaceine
and & placebo, randemized between jndividuals, PFast experience with trials of
other vaccines has shown that to aveid all ambiguity of results with respactto
both protection and side-effects it is essential to use a randomized double-
blind design. Seleection of an appropriate placebo will need to await exact
specifications of vaccine composition and the results of preclinical trials.

If several candidate vaccines are available more than one type of P.
falciparum asexual blood-stage vaccine c¢ould be tested in the same trial.

P

5,1 BSelection of age limits for trial participanrs

The choice of the age groups to be included in a trial will depend upon
the epidemiological pattern of malaria in the proposed trial area. In areas
where the major burden of malaria mortality 1s in infancy studies would be
focussed on this group, whereas in other areas studies in older children or, in
the case of neon-immune immigrants, adults would be appropriate. It ig
important that the age groups included in the trial correspond to those that
would form the target for vaccination in a contrel programme should an
effective vaccine be found,

3.2 End-points measured in a vacocine trial

The end-points of interest in a vaccine trial have been given in gsection
B.1. 1t is importsnt thar protocols are developed, before the trial starts,
giving explicit definitiens of how each endpeint will be measured. Such
definitions may vary from trial to trial depending, for example, on what other
diseases are prevalent in the aves that way mimie some of the symptoms of
malaria (e.g. that cause fever),

5.2.1 Death

The ascertainment of all deaths in a study population involving several
thousand children will require a carefully designed and tested surveillance
system. Assignment of the probable causes of desth will require the
development and validation of a system of "verbal autopsy” {see Annex 1),

3.2.2 Clinical malaria

There is no definition of clinical malaria that is universally accepted,
In non-immune individuals the presence of fever with parasitaemia gives a
definicion with high specificity (i.e. it will mot include many whose symptams
are net truly dus to the malaria infeetion). However, in semi-immunes resident
in aress where malaria i{s hyper or holoendemic and where many other infections
cause fever, such a definition of melaria is likely to have poor specificity.
In these areas it will be necessary to define cut-off levels for both fever and
malaria parasitaemia above whieh an individual is classified as having clinical
malaria.
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5,2.3 Malaries infectien

A small sub-group in the trial should be moniteored for the incidence of
malarial infection (as distinct from clinical malaria). Treating all children
in the vaccinated and control groups with an effective blood schizonticide at
the time of vaccination will faeilitate the recognition of new infections.

5.2.4 P, falciparum gametocvtaemis

To assess the impact of the vaccine on malaria Infectivity, gamestocyte
counts should be pevformed on any blood slides taken to detect malaria
infectlon or dizease and, if possible, the infectivity of gametocytes to
mosguiteoss should be determined,

5,2.5 8ide effects of vaccimation

These may be minor (e.g. local reaction at vaccine site) or major {(e.g.
life-threatening). It is essential that a surveillance system bhe set up to
detect any major or minor adverse reactions cecurring within a few days of
vaceination and that the incidence of possible adverse cffeets be recorded
systemat{cally and within a zet period of time,

5.2.6 Immune response to vaccination

Measurement of the immune response to vaccination is an important
end-point in vaccine trials, It may be possible to undertake separate gnalyses

of vaccine e«fficacy in those who have shown a good immume response to the
vaccine and in those who have not.

5.3 Trial size

The size that a trial should be in order to detect a difference in disease
or infeetion risks betwesn vaccinated and unvaceinated subjects will wvary
according to the endpeints chogsen and their incidence in the txial area.
Conventional statistical methods to estimate the required sample size for a
trial require that the levels of four factors he specified. These are:

(1) the estimated risk, or rate, of occcurrence of the endpoint of interest
in study subjects whe will not be vaccinated.

(i1} he minimum protective effect of vaccination that the trial should have
a high prebabilicy (=zee (iv)) of detecting (see (iii)).

(iii) the probability level (A4) at which the null hypothesis (vaccine efficacy
= 0) will be rejected. Gonventionally taken as 0.05 or 0.01.

(iv) the probability of declaring a significant diffevence if the true
vaccine efficacy is that specified in (ii), Thig is known as the
statistical power of the trial [-100(1-B)%].

5.3 Tr ize

The size that a trial should be in order to deteect a difference in
disease or infection risks between vaccinated and unvaccinated subjecrs
will vary aceording to the endpointz chosen and their ineidence in the
trial area. Conventional statistiecal metheds to estimate the required
sample sire for a trial require that the levels of four facters be
specified. These are:

(1) the estimated risk, or rate, of occurrence of the endpoint of
interest in study subjec¢ts who will not be vaccinated;
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({1) the minimum pretective effecrt of vaceination that the trial should
have s high probability of detecting;

(iii) the probability level (@) at which the null liypethesis (vacecine

efficacy - 0) will be rejected.

0.01;

Conventionally taken as 0.05 or

(iv} the probability (1-8) of declaring a significant difference if the
true vaccine efficacy is that specified in (ii). This is known as
the statistical power of the trial, commonly expressed as a
percentage [=100(1-£)%).

In general, it is most efficient te have the same number of subjects in
the vaccinated and unvaceinated groups in & trial, and the formulas below
assume that this {s the case,

For comparing risks in waccinated and unvaceinated subjects the
required sample size is caleulated as:

n o= [2,/(2Pq) + 2/(p1a;+P,a,) 12/ (py-py)?

where n is the gample size in each group
and p, is the risk of the event of interest in the unvaccinated group
during the trial period,

Py is the risk of the event in the vaccinated group. [If it is
desired to detect a vaccine efficacy of v (measured as a proportion rathey
than a pereent), then Py = {1-v)p,]

P =~ (py#Pp)/2; q=1l-p; gy=1-p;; qy=l-p,

Values of =z

are taken from tahles of the Normal distribution. TFor

example, for a=(_ 05 z,~1.96 (two-sided test)
a=0,01 g,2.32 (two-sidad test)
and for 95% power £=0.05 zg=l.64
for 90% power E=0.10 z;=1.28
for 80% power R=0.20 zﬂ-O.Bh

Example 1

In a trial of a vacecine to protect against infant deaths, suppose the
risk of infant death is 120/1000 births, and 20% of deachs are due to
Suppose it is desired teo detect a vaceine effiecacy of 50% (at the
°% level of significance with 90% power)., Thaen

malaria.

Pa

Py

24/1000 (the risk of malaria death among infants)

12/1000
1.96

1.28

{1.96J[2(0,018) (0.9823] + 1.28/((0.024) (0.976)

+ (0.012) (0.988)113/(0,024-0.012)2

- 2573
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i.e. it will be necessary te include about 2600 infants in each group
(followed for 1 year from birth}. ‘

(In the same situacion, to have 80% power to detect a vaccine efficaey of
70%, 714 infants would be required in each group.]

For the above computation it has been assumed that malaria deaths can
be distinguished from eother infant deaths. If enly infant deaths are
recorded, without attribution of cause of death, then a 30% reduétien in
malaria mertality would reduce the overall risk ef infanrt death from
120/1000 to 108/100. The study size required to detect this differsnce
would be 14 725 (i,.e. p,~0.120 and p,=0.108) in each group. Thus, thére is
clearly much to be gained from attempting te assess cause specific
morcalicy.

Example 2

If the child mortality rate is 25/1000/yr and 20% of deaths are from
malaria, the study size to have 80% power to detect a 70% reduction in the
malaria death rate, measured on malaria specific deaths, is 4,585 in each
Eroup, and measured on all dearhs is 29,067 in each group. Thus, for
malaria specific deaths, 4,600 children might be followed in each group for

a year (or 2,300 in each group for 2 years - with the assumption that the
vaccine efficacy remains constant for 2 years).

ample 3

If 50% of the unvaccinated children are expected to experience one or
more clinical attaecks of malaria during the rainy season and the vaccine
efficacy is assumed to be at least 50%, such that only 25% will experience
one or moye attacks following vaceination, then the required =zample =zize in
each group is:

n o= {1.96/[2(0.375) (0.625)] + 1.28/[(0.5) (0.5) + (0.25) (0.75)]}2
/(0.5-0.25)2 - 77

Note: If it is decided to test for a significant reduction in malaria in
the vaceinated group in each of several strata (e.g. different age groups),
the sample sjze has to be calculated for esch of these groups.

5.4 Duration of trial

The most useful vaccines will be these that give high protection for a
long period. Thus, if a vaccine is found to protect against morbidity (or
moxtality) from malaria during the first year, follow-up of the trial group
should continue, ideally for as long az there is a significant difference
between vaccinated and unvaccinated, altheugh the maintenance of az rlacebs
group In this situation may raise ethical questions. However, it might be
argued that in circumstanees where the study group is subject to close
surveillance it would be justifiable to continue follow-up provided that all
episodes of malaria were subject to prompt detection and treatment. This
argument cannot be sustained for studies of mortality and ence a vaccine has
been shown to reduce mortality it would be unacceptable to continue

surveillance for deaths without offering vaccination to those who had received
placebo, .

An effect of a vaccine In reducing malaria meorbidity mightinot necessarily
be reflected in a corresponding impact on mortality. Thus, in trials in which
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mortality was planned as an endpelnt as well as morbidicy, it might be
considered justifiable to continue the mortality surveillance and follow-up
beyond the time an impact on merbidity was shown. Clearly, this would require
careful ethical review.

If no protection against malaris morbidity is shown during the first vear
of a study it might be decided to end the study at this point. However, if the
trial also included mortality surveillance on a larger group it would be ‘
advisable to continue te follow the population for the rime required in the
trial proteccl to detect a mortality effect of the magnitude sought, unless
there were compelling reasons for supposing that the failure to find an impact
on morbidity would also apply to mortality.

Provision should be made to stop the trial at wonce if an unacgeptable
number of serious adverse reactions arise as a consequence of vaccination. An
independent clinical monitor should be appointed for the trial and advising in
these circumstances would be one of his major responsibilitiss.

3.7 Exclusions

in so fay as possible the trial should mot exclude any persons who would
be likely to reeeive vaccination if the vaceine were put inte a control
programme after efficacy had been demonstrated, It would be prudent, however,
to exclude from an initial trial these likely to respond adversely to
vaceination or liable to develop episodes of 1llness which might be difficult
to distinguish from adverse reaectioms. It is recommended that the following
groups of individuals be excluded:

{i) those with clinical malaria at the time of vaccination

(11) those with any other severe acute {llness at the time of vaccination
(iii)those with any severe chronic disease

{iv) those severely malnourished

(v) those for whom informed consent is not obtained.

6. IMPLEMENTATION

6.1 FPre-vaeccination

Prior to srarting a field trial it will be necessary to obtain the
approval of the appropriate ethical committee and approval from national and
local administrative bodies. During the early phase of planning of a vaccine
trial & triasl commitree should be established whose membership comprises
representatives of interested parties and also independent exparts. The
functicn of the trial committee will include the provision of asdviece to the
investigators on study design and monitoring the conduct of the trial. A trial
monitor should be appointed who holds the key to the vaccine randomization and
to whom cases and side effects are reported,

The purposes of the trial and the metheds to be used should be dizeussed
with representatives of the communities in which the trial is planned and those
whe will be eligible for entry inte the trial should be eroperly briefed on
possible adverse effects of vaccination and on possible benefits. It should be
made clear that participation in the study is voluntary and these refusing teo
participate will reeceive all their reutine vaccinations and will not be
discriminated against in any way.
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6.2 Vaccination

Thase entering the trial will be vaceinated using recommended dose(s) and
technigques at a time selected to produce maximal vaccine effect during intense
transmisgion. Thuz, residents in areas of szeasonal transmissien might he
vaccinated at the beginning of the rains and non-immune immigrants just before
entering arcas of intense transmission. However, if the vaccine were expected
to canfer long-lasting protection, vaccination during the seasoen of low
transmission might be preferable, as this would facilitate laboratery
evaluation of the immune response to the vaccine.

Trial partlcipants should all be wvaccinated within as short a period as
possibla. Vacclne specifications gheuld be clearly defined. Trial vaccines
must meet International standards and be the zame as those to be used if the
vaccine 1g to he licensed and marketed. Proper transport and storage of the
vaccine must he ensured and monitored.

6.3 Asgociated chemotherapy

Early clinical trials may demounstrate the need for chemotherapy at, or
shortly before, vacecination, te aveld immunosuppression due to current melatila
infection (see above, section A.4.2). Whether or not such prioer treatment [s
required to enhance vaccine immunogenicity, the sub-groups to be ineluded in
studies of the incidence of malaria infection and of clinical malaria should be
treated with an cffective blood schizonticide at the time of waccination, This
will facilitate the recognition of new infections. Whether it is desirable or
practicable to treat all those included in studies of mortality will depend on
local circumstances. The drug used should be selected on the basis of parasite
sensitivity and drug toxicity studies. Chlerequine is the drug of ¢helce in
aveas whera P, faleiparum s sengitive to 1t. Curative doses should be used,

Vaceination of a large fraction of a community and the associated treat-
ment of a fractlon twice as large might reduce transmissien, and the incldence
of infection, disease and death in the unvaccinated controls, to the polnt of
reducing the power of the trial to detect a further significant decresse in the
vaccinated group. In a trial comparing vaceinated and unvaccinated individuals
In a community, it would he advisable to aveid vaccinating toe large a fraection
ol the community. The safe maximum Iz unknown and will depend on the local
epidemiological situation, but it may be prudent to vaccinate pe mere than 234%
of a community.

6.4 Deta collection and measurement of effccte.

Methods for data ceollection and meagurements are given in Annex I,

6.5 Analysis

Some cndpoints of interest in a malaria vaccine trial affect each zubject,
at most, ohly once (eg, death, the oceurrcnce of the first episode of clinical
malaria), whercas others may consist of a count of & number of events for ench
subject (eg, the number of episodes of clinical malaria, the number of new
infectlious with malaria, the number of days with parasitaemia). Feor endpeints
of the First kind there may be interest in tha risk of the endpeint in a given
period or the rate at which it occurs during the trial. A rlsk iz calculated
as tha proportion of subjects who experience the endpeint in the defined
periad, whereas a rate is calculated as the number of subjects who experience
the endpoint. divided by the time they were at risk for the endpeint (ie, once a
subject has exparienced the endpeint he or she is no longer considered to be
"at risk"). For rare endpoints (eg, death from malaria) the distinctien
bhetween risks and rates 1s academic, as all but a few subjects are "at risk"
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for the complete trial peried, but in situatiems in which a high proporction of
the trial population may experience the endpoint of interest (eg, infecrion
with malaris in a holeendemic area) it may be of interest net enly to compare
the risks, say, of malaria infection, in vaceinated and unvaceinated subjects
but also to compare the rates at which they are infeeted. For example, if all
in the vaccinated and unvaccinated groups developed malaria (ie, risk = 1 in
both groups), but the disease occurred later, on average, in the vaccinated
subjeets, this would be evidence of a possible protective effect of
vaccination, indicated by a lewer rate of infection in vaccinated subjects
(which would be of scientific, if not of immediate public health,
significance),

The posszible resgults from a trial are shown in algebraic form in the table

beleow:
Group Size of No. experienc- Proportion Person  Rate of
Group ing endpoint with end-  tinme- occurrence
of interest pointc* at-risk of endpoint
1. Vaceinated n, 4 py—Cy/ 1y ¥y ry=ey /vy
2. Unvaccinated n, c; P;mC5/ Ty Yo Tyt /Yo
Total n c P ~c/n v T o=c/y

* adjustments may be necessary if some subjects are lost te follow-up.

The table below summarizes methods that may be used to estimate
vaceine efficacy and to test the statistical significance of differences in
event rates or risks in those in the vaccinated and unvaccinated proups.

Also given are methods to put confidence intervals on the estimate of
relative risk,

Rislk Rate
Relative risk/rate Ri=p,/py Ra=r, /T,
Estimare of vacecine 100(1-Riy 100(1-Ra)
efficacy (%)
Teat of significance X = (|c1 - E(c1)|-0.5)2/V(c1)
(chi-square with 1df.)
Where E(c,) = n,p/n mr/n
and Vic;) = n1n2c(n-¢)/n2(n-1) n.lnzc/n2

95% confidence limits on
log, (relative risk/rate) logRi(l £ 1.96//%%) logRe (1 * 1.96//%%)
end hence confidence limits on vaccine efficacy may be derived,

A discussion of the use of visk and rare measures in the context of
vaccine trials ig given by Smith et al (1984).
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1f each subject may experience the erdpoint of interest more than
once, the second column in the table displaying the results of z trial
should be replaced by “total number of events in group" and the comparison
?f the groups is made by dividing these numbers by the perzen-time-at-risk
in each group, whieh, in this instance, will be the total period of follow-
up for the subjects in the respective groups. Thus, if ¢, and e, are the
number of endpoints in the vaceinated and unvaccinated groups,
respectively, the rates of occeurrance are estimated by T, = e;/y, and r, =
ezjya and a measure of vaccine efficacy (%) is given by lOO(rz—r1)/rE.

Testing for staristical signifiecance, and deriving confidence
intervals on the estimate of vaeeine efficacy, is nor straightferward in
this case and cthe adviee of a statistician should be seught. In general,
the methods ourlined above for rhe comparison of rates are appropriate for
multiple epizodes only if it is recasonable to assume that once a subject
has experienced one or mora episodes he or she is no more or less likely to
experience ancother episode thanm thosze whe have experienced no episodes up
to that time in the same group (vacecinated or unvaccinated). This
Assumption iz rarely valid as susceptibility te disease events is usually
very heterogeneous between individuals in a community, even among those of
the same age and sex. In such cireumstances gtavistical significance might
be vested using a t-test or, preferably, a non-parametriec test.

Ethical considerations

The design and implementation of a trial should conform to both national
and international ethical standards. Prior to implementation, the study design
must he reviewed by a properly constituted local or national ethical committee,
which must include representatives of the group to bes vaccinated, responsible
health authorities, and technical experts, There must be informed consent and
a written statement of how it is to be obtalned. There must be no pressure to
participate and no differences between services offered te acceptors and
non-acceplors., Health sevvices for treatment of vacecine reactions and malaria
Infection and sdequate referral and follow-up capability must be availsble. An
Independent clinical referee should be designated and given the authority to
bresk the trial code on an individual bazic, zhould that seem desirable.

Before embarking on a field trial, the safety of s candidate vaccine will
have been assessed in subjects from both non-endemic and endemic areas, Only
those candidate vaccines that have acceptable levels of safety and are produced
according Lo internationally recegnized manufacturing practices, such as those
recommended by WHO, will proceed to testing in the field.

The field testing of a blood-stage vaccine raises several special ethical
issues, Because of the difficulty in assessing adequately the efficacy of a
blood-stage vaccine in neon-immune volunteers, it may be necessary to conduct
trials In partially immune subjects exposad to natural challenge (Phase
Ilb/IT1) without prier assurance that the vaccine provides any protection.
Furthermors, because of the difficulty in identifying a reduetion in symptons
in partially-immune adult volunteers whe recsive the vaccine, it may be
necessary Lo undertake trials in children, in whom protection against elinical
effects of malsria infection will be casier to measure, without definitive
proof that the vaccine is protective, TIn such cases, the dacisjion to proceed
with trisls will be based on evidence from earlier human trials (safety,
immuncgenicity) and the protective affect, if any, from trials in non-human
primates.
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ANNEX 1
METHCDS OF MEASUREMENT
1. Intvoduction

Most asexual blood-stage parasite vaceine trials will invelve making the
measurements degovihed below during the pre-intervention stage of the study and
after vaccination has heen undertaken. Other measurements which would greatly
facilitate comparison between trials include measurement of the sporozoite
inpeulation vate, determination of the prevalence of haemoglobin abnormalities
in the study populsation, analysis of the antigenic characteristics of the
strains of P. FPalciparum prevalent in the study area and the immunolegical
prefile of the study populaticn. The measurement of the zporozoite inoculation
rate, while not indispensable, would be particularly useful, because it would
provide an independent estimation of the challenge, and because of the non-
lineay relationship between entomologlcal inoculation rate and human incidence
rate.

The following aspects of measurement require critical review during the
preparatery phase of a trial: standardization of all field, clinical and
laboratery procedurcs; gquality control monitoring in the trial; reproducib-
I1ity of measurements within and between field workers and at different times;
comparability of procedures and methods with other studies; sensitivity and
spacificity of any diagnesztlc methods; level of precision required for all
measurements to be taken in the trial {not necessarily the highest possible);
minimization of the numbers of specimens (e.g. of blood) to be collected;
arrangements for the collection, transportation and preservation of specimens;
procedures for recording of dava and for the analysis of resules.

2. Detection and investipation of dealhs

It is desirable that Phase IIT field trials should inelude mortality as an
end-polnt. Fven when the size of the trial is ineufficient to make thisg
feagible, surveillance for mertality among study sgubjects should be maintained,

The most appreopriate method for determining mortality among trial subjects
will be determined by local circumztances, In seme situstions, for example
among migrants inveolved in a large industrial project, any deaths will be
notified to project manapgement or medical personnel and, thus, a passive
surveillance system, adequate to determine mortality rates, will exist.

In other communities, including many areas of rural Africa, a more active
mortality surveillance system will be required. This may be set up by
stationing a reporter in each community in the trial area, possibly a member of
the community, whose responsibilities will include the identification and
reporting of any deaths among study subjects. In aress where post-mortem
examinations ave not feasible some infermation on cause of death may he
obtained by asking questions of the bereaved family about the final illness and
circunstancas of death. If mortality from malaria, as established by the
verbal asutopsy technique, is uscd as an end-point for a vaccine trial it is
essentinl that the criteria used in attributing death to malaria sheuld he
¢learly established before the start of the trial and subsequently adhered to,

3. Measurement nf clinical malaria

A unjvarsally agreed definition of clinical malaria deoes net exist and the
eriteria used to make this diagnesis may vary from arez to area. FProvided that
the relevanl measurements are made it may be possible to study the effects of a
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vacelne using definitions of clinical malaria based on more than one ¢riterion,
for example as defined by fever accompanied by high or moderate levels of..
parasitaemia. ‘

Clinizal episedes of malaria in trial subjects may be detected by either
active or passive case detection procedures. It is likely that most trials
will involve both approaches, the degree of emphasis placed on each will be
determined by the access that those in the trial have to treatment facilities.
In communities where most patients with even minor illnesces report to a single
or a small number of treatment facilities, records from these clinics may, .
provide all the information required on morbidity in a tyxisl. In less
priviledged communities more active case detection will be required. One
approach that has proved successful in other malaria intervention studies is a
weekly visit to each rrial subject, during which a brief morbidicy !
questicnnaire is completed, the subject's temperature is recorded and a blood
film is made if a raised temperature is found. The level of temparature chosen
to indicate abnermality should be determined in preliminary studies; it will
be influenced by both the route by which the temperature is recoxded and by the
characteristics of the study comtunity. In previous studies in malaria endemic
areas of Africa, an axillary temperature in the range of 37.5 - 38.0/C has been
found te provide a useful cut-off point., Electronic digiral thermometers
provide a convenient and =zafe way of measuring temperature in field trials.

Unless a trial is large, it is unlikely that the incidence of severe or
complicated malaria, such as cerebral malaria, could be used as an end-point.
However, the severity of clinical attacks of malaria identified by active and
passive case detection techniques, for example an inability to work or attend
school, should be recorded according to pre-determined criteria,

In areas where malaris is highly endemie, the detection of fever and
malaria parasitaemia in the same child does not necessarily mean that malaria

parasites were responsible for the child's fever, as a significant propertion
of all children in the community will have malaria parasitaemia at any one
time. The occurrence of & large number of cases of fever accompanied by
paragitaemia, but in which malaria parasites were not the cause of the fever,
could dilute the apparent proteective effeet of a malaria vaceine which had its
main effect on fever and illness caused by malaria parasites rather than on the
prevalence of infection. Tt might be possible to make some correction for this
potential bias if measurements of the prevalence of parasitaemis were made in
randomly selected afebrile trial subjects at various points during the
post-vaceination observation peried,

4. Determination of the incidence of infeetrion

In order to determipe the incidence of new infections in trial subjects,
parasitaemia should be cleared from all subjects included in this aspect of the
trial by the adwinistratien of an effective schizonticidal drug, at the time of
or shortly before immunization. Once vaceine or placebo has been given
subjects in this cohort should be bled at regular intervals, perhaps once a
weel or once & month depending upon the level of malsaria trangmission, and
blood films examined for asexual parasites and gametocytes, In this way it
will be possible to determine the incidence of naw infections in vaccinated and
control subjects over a defined period. In some communities the development of
splenomegaly provides strong evidence of a recent malaria infection.

The currently accepted method for deteeting malaria infeetions is by
microscopic examination of thick and thin blood films. The sensitivity of this
technigue depends on the volume of blood examined. The most commonly used
substitutes for & standard volume of blood are 100 and 200 thick-£film
microseopic fields. Currently acecepted measurements of density that allow
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discrimination at high densities involve the counting of parasites either
apainst white bhlood cells in the thiek film or against red bleod cells in the
thin film. In transforming such relative ecounts Inte numbers per volume, it 1z
usual te assume a fixed white or red blood cell count in the study population.
Parasite density is measured most accurately by combining a red blood cell
count with & parasite count made on a thin blood film but this appreach is only
suitable for infectionms with a high level of parasitaemia. Notwithstanding
efforts to standardize all procedures involved, their performance continues to
vary between investigators and with the same investigator over time, and thig
varlation is not always clearly perceived or documented,

The following procedures are considered essential when blood film
positivity is used as a criterion for sssessing the efficacy of a malaria
vageine:

(&) standardization of laboratory procedures withim each trial and as far
as possible between trials;

(b) taking of bloed films in duplicate;

{c) "blind" microscopic bleed film examination: {(e.g. the microscopist
should not know if a slide is from a vaecinated or unvaccinated
individual or from a febrile or afebrile subject)

(d) pregervation of bleed Films for further refarence:

(e) quality contrel within each trial by re-examination of a coded sample
of blood films;

The use of newer diagnestic techniques, such as DNA and RNA probes and
antigen detection assays, might be considersd to measure infectien rates,
Whilet these cannot at present replace microscopic examination they may well
become wvaluable additiens, permitting rapid, objective and specific evaluation
of large numbers of blood samples.

5. Measures of infectivity of subjects for veetor

Gametocyte counts sghould be made routinely on positive bleoed films.
However, this i1s an indireect measure of the infectivity of a gubiect for
vectors, Alternative methods, such as membrane-feeding of laboratory-bred
mosquitoes on blood taken from an infected individual, will provide a2
directmeasure of infectivity. However, these methods are difficult and should
only be undertaken by experienced workers.

6. Measurement o £ la-effects

The measurement of side-effects should be conzidered in relation te the
time following vaceination at which side-effects ave expected. Current or past
P, falciparum infection may increase the risk and severity of side-effects, so
that early trials in nov-endemic countries may not be adequate predictore,
S5ide-effects ghould be assessed in all phases of vaccine trials,

Vaccinated and contrel (placebe vaceinated) persons should be chserved
immediately after vaccinatien te identify acute reactlions. A follow-up visit
to the homes of the study population should be made within a few days to
identify early reactions, such as pain and abscess at the vaccination site, and
constitutional symptoms, including fever. This can be done most readily by
placing & preject worker in each study community.
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Delayed toxicity, imcluding immmopatheloglesl phenomenz, may not become
apparent for many months, and observations for side-effects may have to
eontinue beyond the pericd of vaccine protection and for long enough to ceover
the first expected challenge infection, Both case detection and population
surveys should be used.

7. Ity ical assa

l¢ is unlikely that it will be possible to make extensive immunological
measurements in 31l those in a field trial, which may include large numbers of
subjects. However, it will be essential to make some immunological
measurements in selected subjects to ¢onfirm that the bateh of antigen(s) used
in the vaccire induces an appropriate immune response, fox example an antibody
response to one or more important epitopes., It will algo be important to
determine in seme subjects the durstion of the immune response induced by
vaccination, and the possible effects of bossting by natural infection by
measuring immune responses in vaccinated and control subjects at various times
after vacecination,

8. Drug utilizatien

Drug utilization during the peried of post-vaccination follow-up should he
assessed by (a) direct questioning of trial participants (b} review
ofdispensary records and those of shops selling drugs within the study area
(¢) random urine assays for the anti-malarial drugs which are known te he used
frequently in the trial community,
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ANNEX II
CANDIDATE ANTIGENS FOR INCLUSION IN VACCINES®

The antigens of P, falciparum asexual blood-stzges include a number of
molecules which appear te play a role in the induetien of protective immune
responses. It is not yet clear which antigen(s) will prove te be the most
sultable for vaceine develeopment. Antigens currently considered to be
candidates for inclusion in anti-P. faleciparum asexual blood-stage vaccines are
the following:

- a schizont surface glycoprotein (kDa 185,000 - 220,000) which is
proteclytically processed at about the time of schizont rupture to
gencrate the majority of the antigens detected on the surface of
merezoites. This antigen has been referted to ss PMMSA, P190, gpl8s,
P18%, PSA, MSPP and MSA-1. Moneclonal antibodies to this antigen can
inhibit merozoite invasion in witre. Immunization of monkeys with the
protein purified from parssites, or with an ¥-terminal synthetic peptide,
Induced some protection agalost challenge infeection, Another synthetic
peptide, dervived from the zame N-terminal region, was used as a component
of a multivalent synthetic vaceine, with encouraging results, in human
volunteets, Considerable antigenic diversity exists in this molecule
among different strains of P. faleiparum. Sequencing studies on Che gene
from many strains have shown that the melecule contains alternating
conserved and variable regions., The varisble regions are mostly of twe
types and it appears that diversity has arisen, at least in part, as a
result of intrapenic recombinations. A vaccine incorporating conserved
vegions of this antigen would hopefully induce immune responses that are
equally effective against all strains of P, faleiparum.

- the ring-infected erythrocyte surface antigen (kDa 155,000), known as RESA
or PE155, is transferred to the erythrecyte membrane from the invading
merozoite. The RESA/PL155 gene has been cloned and gequenced,

The HESA polypeptide contains two blocks of repetitive sequences which
encode immuno-domiuant epitopes. These repeats are conserved among
different strainz and ne antigenic diverzity of this molecule has been
observed. Tolyclenal and monoclonal antibodies to various repeat epitopes
Iin RESA/PEL5S inhibit meroxeite invasion in vitro. In a vaccine trial in
Aotus monkeys fragments of RESA/Pf155 provided partial protection againszt
challenge with P. falciparum, Protection in this monkey trial correlated
with tha production of antibodies te twe different repeat sequences of 8
and 11 amino acids, but not with antibodies te the dominant 4-amino-acid
repoat.

- a merozoite surface antigen of kDa 45,000 - 56,000 termed MSA-2 or
gp46-53. The MBA-2 pene from several strains of P. falciparum has been
sequenced to reveal conserved C-terminal and N-terminal sequences flanking
strain-variable regions which contain different repetitive sequences.
Although there are a large number of MSA-? alleles, there are a smaller
number of allelic families, each charscterized by a particular sequence
repeat. Monoclonal antibodies to this antigen, one of which reacts with
an epitope encoded by sequences within the repeat, inhibit merozoite
invasion in vityg., A vaccine based on MSA-2 could include multiple repeat
sequences otr, altermatively, conserved reglons of the molacule,

® Thig section was prepared by Dr R.F. Anders and Dr 0. Merceréau-Fuijalon.
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antipgens present in the rhoptries of merozoites that are discharged ento
the red cell surface during the invasion proecess. Several groups have
described monoclonal antibodies which react with the thoptriesz and
imuneprecipitate entigenic complexes. One of the complexes contains three
polypeptides of kDa 150,000, 130,000 and 110,000. The other consists of
at least twe polypeptides of kDa 82,000 and 41,000. The identity of the
proteins in these complexes remains to be clearly estsblished. A serine
protease has been ldentified as a polypeptide of kDa B2,000-76,000
belonging to the complex 82,000-41,000 immunoprecipitated by one of the
anti-rhoptry menoclonal antibodies. An inactive form of the protease is
anchered inte s membrane by a GPlL moiety. The protease is enzymatically
active only when excised from the membrane by a specific phospholipase, A
protein of kDa 41,000 isolated from the same 82,000- 41,000 complex
provided partial protection when used to immunize Saimiri monkeys.

Several genes coding for proteins belonging to these complexes have now
been cloned. Rhoptry antigens appear to lack the extensive antigenic and
struetural diversity found im the merozeite surface antipens. Their
potential as vaecclne candidates derives from the demonstration that a P
¥oelii rhoptry antigen protected immunized mice, and that monoclonal
antibodies te P. faleipapum rhoptry antigens inhibit merczoite invasion in
vitro. No protection has yet been reported with cloned rhoptry antigens
of human malaria parasites.

antlgens exposed on the surface of infected erythrocytes which have been
Getected by surface labelling and immunoprecipitation, indireet
immunefluorescence microscopy, agglutination anc inhibition of
cytoadherence. It iz net clear whether these different procedures all
detect the same antigen. Immune sera that contain antibodies capable of
blocking cytoadherence recognize a polymorphic surface antigen

(kDa 250,000 - 350,000) of the homologous jsolate. This antigen has been
called PfEMP] (P. faleiparum erythrocyte membrane protein 1). Other
antigens have been chown to play a role in cytoadherence, in partieular
the knob-associated histidine-xich protein. Recently a human monoelonal
antibedy, 33G2, was found to interfere with cytoadherence in knobless
parasites. Several antigens have been described in association wirh the
membrane of the infected erythrocyte, and the corresponding genes have
been cloned. None of these antigens has vet been used in vaccine trials.
However, the titre of antibodies to neo-antigens on the surface of the
infected erythroeyte correlates with resistance to infection with

P. faleiparum.

antigens of kDa 35,000 and kDa 55,000 of unknown locatien which, when
isclated from infected erythrocytes, partially protected Aotus monkeys
against infection with P. faleiparum, N-terminal peptides from these
antigens {eonjugated to carrier protein) alse partially protected Aotus
monkeys. Protection was improved by imeunizing monkeys with a mixture of
these two peptides and a peptide from the PMMSA. A hybrid peptide
comblning these three peptides and other sequences, in the form of a
disulphide linked polymer, protected humam volunteers in the First
clinical trial of an asexual blood-stage vaccine,

2 histidine and alanine rich protein (FfHRPZ) of kDa 70,000 which i=s
secreted from infected erythrocytes. A fragment of this antipen expressed
in E. coli partially protected Aotus monkeys,

a serine rich gntigen, kDa 113,000 - 140,000, found in the parasitopherous
vacuole. This antigen has been referred to as SERA, pll3, pl26 and
Pf140. The antigen is a component of immune complexes formed when
schizonts rupture Iin the presence of immune serum. Saimiri monkeys
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immunized with Pf140 isolated from infected erythrocytes were paxtially
protected against challenge infectiom with a heterologous strain of

P, falciparum.

- antigen 96-R or GBPL30. This thermostable antigen is released from the
schizent at the time of merczoite release, and remains loosely associated
with the surface of the merozoite. A good eorrelarion has heen found
batween acquired protective immunity and the humoral response to this
antigen in monkeys. A fragment of this antigen expressed in E. coli
failed teo induce protection in monkeys,
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ANNEX ITI

RESEARCH TOPICS RELEVANT TO VACCINE TRIALS

In addition to the cellection of baseline data, against which to evaluate
the effect of candidate malaria vaccines in different epidemioleogical ‘
situations, several other preliminary epidemiological investigations would be
relevant for the further development and epidemiological evaluation of ‘
£ faleiparum vaceines, including azenual blood-stage vaccines. The subject was
reviewed by a joint IMMAL-FIELDMAL Scientific Working Group in September 1988,
which identified and outlined the research required (1). Factors that might ha
studieg include: .

1. Divexsity of human malaria parasites and of the immune responses to thmﬁ,

There is a need for further research on the unifermity/diversity of )
P.falciparum blood-stage antigens that are candidates for inclusion in vaccines
and of human immung responses te them. Examples ofimportant aspectz of the
research, would include: the dominant T- and B-cell epitepes: the different
levels of parasite pepulations (within single humans or mosquitoes, within and
between geographical aveas); the relevant genetie mechanisms Iin parasites and
man; the possible development of diversity under the selection pressure of |
immune responses.

2. The development of the immune response to malaria parasites and its
correlation with protection.

There is a need for further research on:

2,1  the development of specified human immune responses to defined
PB.faleciparum asexual blood-stage antigens under natural exposure and their
correlation with natural protection, inecluding interaction between
different immune responses in the production of protection, variation in
immune responses and protection associared with intensity, seasonality and
duration of exposure and with individual characteristics, and the
transition from passive (maternal) to active immunity, in situations of
either perennial or seasonal transmission:

2.2 the methodology of epidemiological measurement of malaria morbidicy
(disease, including its grading by severity) and mortality;

2.3 the epidemiology of malaria merbidity (disease, including its grading by
severity) and mertality, in different situationms, and its relationship to
the distributien of sporozoite inocula and of immune responses.

The development of immune responses and their correlation with protecticon
is best investigated through longitudinal cohort studies, with emphasis on the
detection of c¢linical episodes; they should preferably be conducted in
contrasting epidemiological situations and consider gimultanecusly miltiple
tacets of the immune response; cohorts of special interest include infants

(1) Scientific Working Groups on Immunclogy of Malaria and on Applied Field
Ragearch in Malaria,
Immunological Aspects of Malaria Epildemiology.
TDR/IMMAL-FIELDMAL/SWG(2) /88 .3




TDR/MAP/AVE/PF/89 .5
ANNEX ITI
page 34

and children in endemic areas, women in endemic arcas, befere and during thefy
first pregnancy, non-immune immigrante inte endemic areas, previocusly immune
individuals returning to an endemic area after temporary residence in a
non-endemic area, C(ross-sectional studies may be useful for the selection of
immune responses worth studying longitudinally. Case-control studies may be
useful for the Iidentification of ri{sk factors of severe and complicated
malaria, which may be too rare for conducting longltudinal studies at am
accepltable cost,

3,

a,

Natural patterns of inoculation, their generation and thelr conzequences.

Reseprch is needed on the natural distribution of sporozeite inocula in
different epidemiclegical situatioms, the generation of those
distributions (including the effect of immune responses and drugs, net
only in man but alse in the vector) and their consequences in terms of
pathelogy and of the development, maintenance, boosting of immune
raesponses and protection; the research requirez the development of
measurement methodologies, and some of the pertinemt investigations may he
feazible only in animal medels.

Use of seroepidemiclogical tests for the epidemiologlcal characterization ‘“
and elagsification of malaria situations.

The characterization and classificatien of malaria situations will be
essential for the field evaluations of wmalaria vaccines. The potential of
several recently developed immunclogical tests for the purpese needs to be
evaluated.




