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INTRODUCTION

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 Geneva
in February 1983¢1). The present document considers the epldemiological
evaluation of Plasmodium falciparum sporozoite vaceines in malaria-endemic
areas. It i1s concerned mainly with the measurement of protective effilcacy in
a resldent population under conditioms of natural challenge. MWeasurement of
its potential impact on transmission is also briefly discussed.

Epidemialogical evaluation shouid be carried out only after meticulous
early c¢linical studies (Fhase I and Phase II) are completed in selected
volunteers in both nonendemic and endemic areas. These early trilals should
establish the basic safety, immunogeniclty and efficacy of the vaccine, the
appropriate dosage, and the effect of prior antimalarial treatment, Before
conducting an epldemliolopical trial in an endemic area, the results of early
trials require confirmation in the same or a similar endemic area.

This document is addressed to national health authorities, in particular
te those of malarious countries interested in the potential use of FP.
falciparum sporozoite vaceines for the contrel of malaria and to research
sclentists interested in the epidemiological evaluation of such vaccines. The
guidelines may help public health officials to make decisions about malaria
vaccine trisls to be conducted in their countries, including not only epidemi-
ological (Phase III) trials, but also the required earlier clinical trials.

The document was produced by a working group composed of members of the
WHO Malaria Action Programme (MAP) and the UNDP/WORLD BARK/WHO Special
Programme for Research and Training in Tropical Diseases (TDR) in WHO Head-
quarters, in consultation with colleagues from the same and other divisions of
WHO, and with the Steering Committees of the TDR Scilentific Working Groups on
the Immunology of Malaria (DMMAL), on Applied Field Research in Malaria
(FIELDMAL), and on Epidemiology (EPID).

In this report, the terms "immune" and "immunity"” indicate reslistance to
infection, resulting from previous infection or wvaccinationy " {mmne
response”, a process either humoral or cellular of the body's immune system
which follows exposute to antigens, e.g. following infection or vaccinationm,
but which does not necessarily reflect or correlate with a state of protection.

(1) Principles of malaria vaccine trials: Report of a joint meeting of the
Scientific Working Groups on Immunology of Malaria and on Applied Field
Research in Malaria. Document TDR/IMMAL-FIELDMAL/VAC/85.3.
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A. GENERAL BACKGROUND
1, Current Status of Development of Plasmodium falciparum Sporozoite
Vacecines

Peptide vaccines for use in human subjects must contain the relevant
immunelogical information within their amine acid sequences. To induce an
efficient, lomg-lasting antibody respouse, which can be boosted by subsequent
infections, peptide antigens must contain structures (epitopes) recognized by
the antibody-producing B cells and by T cells which regulate antibedy
production. The molecular structures which react with B cells are frequently
distinct from those which react with T cells. Therefore, the T epitopes must
be supplied either from a sequence in the native protein other than the B
epitope or from unrelated molecules (e.g. tetanus toxoid). The implication of
these immunologic principles for a sporozolte vaceine based on epitopes of the
circumsporozoite (C8) protein is that hoosting of vaccinated individuals
through natutrally acquired sporozoite inoculation may require that the vaccine
contain T epitopes from the C5 protein. If the vaccine T epitope Is unrelated
to the €5 protein (e.g. tetanus toxoid), then the potential advantage of
boosting by sporezoltes could be lost.

In addition to their obligatory role in antibody production, T cells may
block sporozoite infectivity by an antibody-independent mechsalsm (cellular
immunity). To induce such immupity, malaria-specific T epitopes are crucial.

Anti-P. falciparum sporozolite vaccines now being developed are based on
part of the C5 proteln on the surface of the parasite, The epitope concerned
is recognized by antibodies which wmediate the circumsporvzeite precipitation
reaction and neutralize sporozoite infectivity. The gene encoding the €5
protein has been cloned and sequenced. The immunodominant epitope of the C3
molecule contains tandemly repeated sequences of four amino acids {Asn—-Ala-
Asn-Pro), which form the basis of two vaccines now being developed. In one
cace, the vaccine antigen 1is produced by chemical synthesis of a twelve mer
(3 sequential tetramers). The synthesized sequence is linked to a tetanus
toreid carrier molecule. Thus, the T epitope derives from a molecule
unrelated to the €8 protein. The other vaccine is based on the repetitive
apitope expressed by recombinant DNA in Escherichia coli. In this case the
molecule 1s larger and may contain both B—eell and T-cell epitopes. However,
32 amino acids in thils recombinant peptide {tet3?) are unrelated to the 5§
protein and may function as a T-cell epitope. 1In both vaceclnes, sluminium
hydroxide 15 used as adjuvant. Clinical trials of vaccine safety and
immunogenicity (Phase I) in adult velunteers have begun in the United States.

2. Mode of Action of P. falciparum Sporezoite Vaceines and Their Potential
Effects

2.1 Mode of action of sporozoite vaccines

There is evidence from animal models thatr immunization against sporo-
zoites can prevent the establishment of 1liver infection. Immunity to
sporozoites 1s iIn part antibody mediated, and antibodies have been shown Lo
neutralize sporozeite infectivity in animals end in cultured liver cells. Less
is known about cell-madiared mechanisms in antisporozoite immupity. Limited
studies in animal models suggest that they may play an important role, There
iz as yet no information about naturally acquired or vaccine—induced cellular
immunity to sporozoltes in human subjects.

Some other hypothetical aspects of the mode of action of sporezoite
vacines are worth considering: 3£ the sporozolte incculum injected by a
mosquite were too large for a given level of immunity, only a certain
proportion of the sporozoites may be prevented from gaining access to the
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liver. A reduction in the number of sporozoltes able to develop may reduce
the severity of subsequent infection and disease by prolenging the prepatent
and incubation petiods, allowing more time for an immune response to be mounted
against the blood stages and for treatment to be sought. No direct avidence
exists on these points. Second, natural inoculations of sporozoltes may use=
fully boost artificial antisporozoite immunity.

2.2 Potential effects of P, falciparum sporozolte vaccines

These are summarized in the following Table:

Variable affected Probable effects Other possible effects

Infection (parasitaemia) Decreased incidence Decreased density
of F. falciEarumcl)
Decreased prevalence Increaged prevalence

& density of
P. malariae, P. vivax,

F. ovaIE(z)
Immune response Increased response to
sporozoltes
Decreased responge to
other F. falciparum
stages
Morbidity (disease) Decreased incidence Decreaced severityy)
Mortality Decreased motrtality Decreased case fatallty
rﬂtE(g) ratE(l)

(1 Assuming that vaccination could produce partial immunity against sporo-
zoites, which in turn might reduce the severiry of infection; on the
other hand, z decreased immune response to blood etages could enhance
the severity of Infection.

{2) Assuming that F. falciparum infection itself suppresses or masks in-
fections with the other malaria parasites.

(3) Decrease in mortality caused directly or indirectly by malaria; in
terme of vital statistics, there is likely to be a decrease both in
malaria-specific mortality and in the mortality rate from all causes
combined, and the latter may decrease more than the former.

Sporozoite Vaccines and Malaria Comtrel

The major purpose of the epidemiologlical evaluation of a vaceine should
be to determine its potential usefulness for disease comtrol. A digeussion of
the potential uses of sporozoite vaceines is therafore important for planning
their epidemiological evaluation. Two broad categories of indicatiens can be
distinguished: the protection of vaceinated individuals and the control of
trapsmission. This distinction 1s not absolute: 1if a sufficiently high
proportion of individuals is protected, there may be a significant impact on
transmission. An appreclation of the distinction is nevertheless essgential
for the design ¢f vaccine trials.
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3.1 The protection of vaccinated individuals

3,1,1 Protection of residents of endemic areas

Pepmanent residents in endemle aveas constitute by far the largest
populations that would benefit from malaria vaccines and are the major target
group for eventual vaceine use. Among permanent residents, newborn infants,
with or without passive (matermal) immunity, and pregnsnt womep are important
subgroups. Infants, young children and other wvulnersble groups that have
incomplete or variable levels of naturally acquired immunity may requive
special study.

In some situations nonimmune immigrants who are newly settling inte
endemic areas may be of particular interest for evaluation of the vaccines,

As these vaccines may give only time~limited protection, periodic
revaccination may be required for continuous protection. On the one hand,
one~time vaccipnation might be sufficlent to modify the first attack (e.g. by
delaying it from infancy to childhood}; on the other, after vaccination,
immunity may be maintained by natural expesure to sporozoites. It will be
eritically important to determine the duration of protection, which may vary
with age and intensity of natural sporozoite inmoculation.

3.1.2 Protection of nonimmune temporary visitors to endemlc areas

A sporozoite vaccine giving total protectlon for the duration of the
visit would be the ideal form of protection of nonimmune temporatry vigsiters te
endemic areas, especially as effective chemoprophylaxis becomes Increasingly
problematic.

Although nonimmune visitors represent a relatively small fractiom of
those exposed, they are for social and economic reasons likely to represent a
significant target group for vaccination. This could affeet vaccine design,
as the requitrements of nonimmune visitors may differ frow those of permaneut
residents of endemic areas. For example, convenience of mass administration
is less important for temporary visiteors than for permanent residents, and
partial protection, if it exists, may be of greater interest for permanent
recidents than for temporary visitors. The acceptable cost of a vaccine may
ke higher for visitors.

Certain classes of temporary visitors are likely to be useful for the
evaluation of malaria vaccines, in particular sporozolte vaccines, Organized
groups have specific advantages: they can be closely monitored; chemo—
prophylaxis may be withheld, since treatwent can be made readily available;
they may be nounlmmune; they may be exposed to a wide variety of epidemi-
ovloglcal situarions; prolonged follow-—up may be possible. Close medical
supervision will be essential.

3.2 Control of transmission

Thetre are three possible indications for the control of transmission
through vaccination, used in combination with other methods:

. Interruption of transmission for malaria eradication in situations in
which vaccination is likely to make the difference between suceess and
failure: +this might cccur in areas with moderately intense transmission
and favourable social, behaviocural and economic factors, where other
methods, especially vector control, can reduce transmission to a low
level without interyupting it.
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. Reduction in tramsmission in situations in which interruption of trans-
mission cannot be achieved or waintained but where the vacclne could
effectively contribute to improved comtrol.

. Control of epidemics in areas previously freed from malaria and In areas
of normally low endemicity.

Some of the key issues concerning the control of transmission by malaria
vaccineg include the following.

Thera are important but imperfectly understood relationships between
intensity of transmission, coverage and effectiveness of vaccination, and
expected impact om transmission: a first approximation of the propottion of
the population that must be effectively covered to interrupt transmission 1s
given by the function (1 - 1/R,), where R, is the “"basic repreduction
rate"(l) of malaria, i.e. the average potential number of secondary cases
geperataed by one primary casge. R, is difficult to estimate and varles
between population sections. It can be much larger {(e.g. a hundred or more)
tn malaria than in smallpex (4 or 5). 1If R, = 100, the effective coverage
required to interrupt transmission (approximately 9%%) is virtually impoesible
to achieve. Fortunately, R, is not always 50 high and can usually be
reduced greatly by vector contrel.

The effective vaccine coverage that can be achieved will be affected by
the degree of compliance, the existence of contraindleations, groups affected
by the contraindications and their importance ag reserveirs of infection.

3.3 Conclugsion: priorities

Evaluation of the degree of protection of vaccinated persons will
normally precede evaluation of the impact on transmission. The former
requires smaller trials and must be performed before vaccilnatiom s
permissible on large numbers of people,

Those persons to be protected include residente and temporary visitors.
Among residents of endemic areas, two types of population are of immedlate
jnterest: permanent resldents and nonlmmune immigrants. Among temporary
visitors, trials in organized groups are probably easiest to evaluate.

Of the different possible kinds of "protection” that sporoszolte vaccines
might confer, protection against the acquisition of infection {parasitaemia)
and the onset of symptomatic malaria should be evaluated first. Subsequent
studies should determine effects on morbidity snd mortality.

The remainder of this document mainly concerns the evaluation of
protection of residents of endemic areas against the acquisition of infection
and the onset of symptomatic malaria.

4. Factors Likely to Affect the Outcome of P. falejparum Sporozoite Vaccine
Trials

A number of factors other than vacclpation itself might affect the
outcome of the trials, either because they interfere with the effectiveness of
the vacclne or because they have an independent effect on exposure to or
manifestations of malaria, or both. Yariation of such factors may bilas

(1) The formula is derived as follows: 1let V be the proportion of the
population to be vaccinated; for the ultimate dizappearance of malaria,
it is necessary that R,{l — V)< 1, which gives V> 1 - 1/B,-
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comparicons between places, times and persons, It is important to review
these factors, in order to decide which, if any, should be taken iutsé acogunt
either in plamning (e.g. by stratification and/or randomization) or in
analysis (e.g. by stratification).

Potentially relevant factors are listed below, with some indications of
how they can be measured, dealt with in the trials and studied. These factors
may be equally or even more important at earlier stages of vaccine evaluation,
and studies designed to elucidate their importance may need to be carried out
as soon as possible.

4.1 Parasitological factors

4.1.1 Antigenic diversity and variation

This has not so far been discovered with the G5 protein of P. falciparum,
but further research copcerning possible geographic diversity is justified. If
F. faleiparum parasitaemia appears in a vaccinated person in the presence of
high antisporozoite antibody levels, samples should be preserved for study of
the C$ protein and/or gene.

4.1,2 Diversity and variation of drug responses

These are common, important and relatively easy to measure.

4.2 Human host factors

4.2.1 Effects of malaria in the host

. Pre~exigting acquired active immunity: a problem partly coutrolied by
prior stratificarion by age. In addition, prevaccination immunclogical
testing will provide easgsential information and allow a stratified
analysis of the results of the trial,

- Passive immunity in infants: on the hagis of experience with other
vaccines, including animal experiments with blood-stage malaria vaccines,
it iz guspected that maternal antisporozoite antibody might suppress the
immune response of infants to a sporozoite vaccine. Research on this
topic should receive high priority.

* Suppresgion of the immune response to sporozoites by a concurrent blood-
stage infection: observed in a rodent malaria model. If there is such
an effecr fin human subjects, it could be removed by treatment, possibly
a few weeks before vaccination. f{uestions relating to the occurrence of
immunosuppression and its correction by treatment should be Iinvestigated
during early clinical trials in endemle areas. In the meantime, for the
evaluation of perseonal protection inm a popuvlation previously exposed to
a relatively high inoculation rate, it may be recommended to treat the
whole study population with a safe and effective blood schizonticide at
the time of waccination. Thlis would alse facilitate the detection of
new infections and hence the assessment of protection.

. P. falciparum infection is commonly accompanied by infection with one or
more other specles of walaria parasites in the same population, It is
generally believed that, within the human host, PF. falcigatum para-
sitaemia suppresses or masks the parasitaemias due to other malaria
parasites. Parasitaemlia due to other specles of malaria must therefore
be measured in a P. faleiparum vaccine trial. P. malariae is of special
interest because of the serious, delayed quartan malarial nephrosis
complication.
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4,2,2 Other human host factors

. Genetic factors affect host responses to P. falciparum, in particular
Hb-5, thalassaemias, ovalocytosis and some types of G-6-PD deficienmcy.
They are detectable by standard tests and their geographical distribution
is relatively well known. Their expected effect is relatively small in
comparigon with the expected effect of an effective P, faleciparum
sporozoite vaccine. In a study of personal protection by such a vacelne
it is probably mnot necessary to stratify for these factors before
randomization. Stratification of rtesults according to locally common
relevant markers should indicate whether a more thorough investigation
ig required.

Age and sex may affect exposure to malaria, tresponse to malarla and
response to the vaceine. They may act Iindependently of Aimmunity,
Stratification or matching by age and sex should help to take into
account their effects,

Fuman behaviour may influence vaccine trials in several ways: ocou-
pational, soclal or other activities may affect exposere to the veetory
personal protective measures may reduce exposure to malaria; treatment=
seeking and drug usage patterns may greatly alter the apparent effect of
the vaccine. These factors must be taken inte account during the design
of protocols for vaccine trials.

Other disesses, either endemic or epidemic, may alter the response to
malaria infection or to the vaccine and their presence may complicate
evaluation of a malaria vaccine trial.

Interactlons between a malaria vaccine and other vaccines: one vacclne
may change the acceptability of other vaccines according to how well It
is tolerated, affect the development of au Immune response to other
vaccines and increase the incidence of side-effects to other vaccines.
These potential interactions will need to be considered In evaluating a
sporozoite vaccine. It may be prudent, at least initially, not to give
malaria vaccines within two months before or after the administration of
any other vaccine. All vaccinations should be included in the records
of individuals of the study population.

Diet and nutritional status: a wilk diet, iron deficiency and protein
deficiency may all have some suppressive effect on malaria parasitaemia,
although protein deficiency way also decrease the immune response. It
is probably prudent, at least initially, not to conduct vaceine trials
in severely malnourished populations and individuals. Butritional status
can be monitored by standard anthropometric measurements. Such moni-
toring may be useful not only for the detectiom of a possible effect of
nutritional status on vaccine-induced protection but alse for the
evaluation of the indirect effact of such protection on nutritiocnal
status itself,

4.3  Entomological factors

The entomological factors which could affect the outcome of sporozolte
vaccime trials are the magnitude and distribution of the local iatensity of
natural challenges/boosters in the form of of sporezoite lnoculations: fredgons
for and ways of measuring them are discussed below (see section 5.8).

4.4 Control meagures

Malaria control measurés, i.e. vector control, control of man-vector
contact {bednets, etc.) and antimalarial drugs may all have an independent
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effect on the endpoints (infection, disease) of walariz vacclne trials, They
may change during the course of a trial. It is therefore recommended that
vaccine trials be conducted in areas and populations in which no significant
change in malaxia conttol measures 1s planned, except as part of the trial. It
is also recommended that the measures applied both on a communal and on an
individual basis be monitored, in particular the use of antimalarial drugs from
whatever source. Methods for monitoring drug use may include interviews and
chemical restsg,

B. FIELD TRIALS IN MALARIA-~ENDEMIC COUNTRIES

1. Informarion Required from FEarly Cliaical Trials (Phase I and Phase
D)

Early clinical trials are required to produce information needed for the
planning of epidemioclogical trials, in particular information regarding:
safety, acceptabllity, immunogenicity and efficacy (protection, including its
duration), by age, sex, past ualaria experience and current malaria

. infection; formulation, storage, dosage; booster effect of revaccination or
gporozoite inoculation,

There are major differences between nonimmune subjects in nonendemic
countries and populations living in endemic areas which ecould influence the
response Lo malaria vacelnes and the evaluation of the results of vaccine
trials, These include the existence of varying degrees of immunity ina the
local populstion of malarious countries, genetic differences affecting
susceptibility to walaria and differing nutritional and health levels. The
results of clinical trials in nonendemic areas cannot therefore provide an
.adequate basis ou which to begin epildemiological trials in endemic areas.
Early clinical trilals conducted in nommalarious areas must be repeated in
residents in endemic areas. Some additional clinical trials in special
high-risk groups, e.g. pregnant women and infants, can be carried out only in
malarions areas. Any proposal to circumvent early c¢linical trials inm endemic
areas should be rejected,

It 15 possible that epidemiclogical trials will bhe conducted from which
certain groups, such as infants and pregnant women, would be excluded, while
preliminary trials in those groups would be conducted concurrently or later,

' 2. Criteria for the Selection of Areas/Populations for Field Trials

2.1 Epidemiological criteria

It 1is preferable to conduct vaccine trials ia situations in which
vacelnation is likely to be effective and relevant to comtroel. Potentially
eligible situations are likely to be many and varied (see section A.3).
Priority for vaceine trials should be given to situations likely to give most
information for & given investment, The following populations probably merit
highest priority: residents of areas of intense seasonal transmissiom: resi-
dents of areas of intense pereapial transmission; nonimmune (previously lirtle
or not exposed) immigrants of different age—groups settling into areas of
intense transmission. The preference for intense transmission is justified on
twa grounds: challenge and protection are easy to weasure and if a vaccine
protects against intense transmission, it Is likely to protect against less
intense transmission, while the reverse may not be true. The inclusion of both

(1} Principles of malaria vaccine trials: Report of a joint meeting of the
Selentific Working Groups on Tmaunology of Malaria and on Applied Field
Regearch in Malaria. Document TDR/IMMAL-FIELDMAL/VAC/#5. 3.
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seasonal and perennial transmission 1s justified because they are likely to
induce a different pattern of naturally acquired immunity. The juatification
for including immigrants is that they comprise nonlmmune gubjects of all ages.

The availability of prior kmowledge of the local epidemiology of malaria
is an advantage.

2,2 Qperational criteria

In areas that meet the epidemiological criteria above, the selection of
appropriate sltes for community-based fiald trials will also depend o¢n a
number of additional factors. The following operational e¢xiteria may assist
in assessing the suvitability of a particular site:

» Government commitment to the conduct of the trial: geauine commi tment
of mational authoritiss will help in gaining the support and confidence
of borth the community participants and the health professionals.

. Involvement of national research institutions with interested national
(and/or internatiomal) investigators and field/laboratory teams to
provide local expertise and with access to national and international
resources to support the trilal.

. Reasonable expectatlion of social and political stability at the national
and local levels.

- A sgufficiently well-established health service iafrastructure to meet
the primary health care needs of the population and te provide for
referral of cases to hospital when required.

. Avallability of basic laboratory services: ideally the communlty-baszed
epidemiological evaluation would take place in populatlons in reasonable
proximity to clinical trial sites.

- A reasonable transportation and communication iafrastructure to provide
access to the population and for the population to have access to the
health care services on a year-round basis.

'y Availability of background epidemiclogical data.

. Additional advantages would include the potential for the site to serve
as a regiomal centre and particularly to serve as 4 fleld training
centre .

3. Study Design for the Measurement of Protection tn a Resident Population

under Natural Challepge (Phase ILI Trial)

3.1 Objectives

(i) To measure the rate of protection induced by & F. falciparum
sporozoite vaccine against F. falciEarum infection.

(ii) To measure the rate of protection induced by a P. falciparum
sporozolte vacclne against symptomatic E. faleiparum malaria.

(1i1) To determine the duration of protection.

(iv) To identify and estimate the frequency of side-effects attributable
to vaccination.

(v) To investigate malarial digease and wmortality as it occurs 1in
vaccinated and unvaccinated ipdividuals. (This 1is an ancillary
objective since the study is not primarily designed to evaluate the
affacte of rhe vaccine on the severity of disease and on mortality,
although it may yleld some information omn those aspects.)
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There are some difficulries in combining objectives (i) and (ii); an
alternative approach would be to address them sequentially in different
trials. They have been teéentatively combined here for the following reasons;:
pnce protection against infection is demopstrated, a double-blind evaluation
of protecrion against illness may become upnacceptable ethically; in terms of
avaluation methods, whether one 1is primarily interested in parasitological or
in clinical protection, it would be wvery ill-advised to dismiss either
parasitological or ¢linical evaluation.

3.2 Epidemiological situations, study populations

As already indicated, {initlal fileld trials of s P. falciparum sporozoite
vaceine should preferably be carried out in resident peopulations under intense
perennial transmlssion; resident populations under intense seasomal trans-
mission} nonimmune populations migrating into areas of Intepse malaria
transmission, The latter type of trial ralses specific problems, especlally
in terms of follow—up and of expected Iincidence of severe malaria.

3.3 Intervention

Vaccipation: The trial is a comparison of rates of P. falciparum
infection and symptomatic malaria in wvaccinated persons compared with the
corresponding rates in nonvaccinated controls.

Selected persons are vaccinated using recommended dose(s) and techniques
at a time selected to produce maximal wvaccine effect during intense trans-—
mission, Thus residents in areas of seasonal transmission may be vaccinated
at the beginning of the rains and nonimmune Immigrants just before entering
areas of intense transmission. However, if the vaccine effect were expected
te last long enough, vaccination during the season of low transmission might
be preferable, because it would facilirate laboratory evaluation of the immune
response to the vaccine.

Vaceinations are given to the randomly =elected group, within as short a
period as possible. Vaccine specifications should be clearly defined. Trial
vaccines must meet internatiomal standards and be the same as those to be used
in the product to be licensed and marketed if the trial is guecesgful. Proper
transport and storage of the vaccine must be ensured.

More than one type of P, faleipsrum speorozoite vaccine could be tested
in the same trisl. That would Iindeed he the best way to compare different
vaccines initially. If more than one induces significant protecrion, further
comparizon would require larger trials.

The trial should consist of a randomized double-blind comparison between
2 vaccine and & placebo. Ewven though the maln outcome variable, infection
(parasitaemia) with P. £aleiparum, can be measured objectively without
knowladge of vaccination status, the use of a placebo 1s justified. A trial
of a vaccine of such potential major public health importance must be performed
as yigovously as possible. Past experience with trials of other vaccines has
shown that to avoid all ambiguity of results with respect to both protection
and side-effects it is essential to use a randomized double-blind degign, for
which a placebo is required. Selection of an appreprlate placebo will need to
await exact specifications of vaccine composition apnd the results of pre-
clinical trialg., Tetanus toxoid is a possible choice as a placebo for vaccines
that wuse it a5 the carrier. The choice of placebo may also depend on the
population group invelved in the study.
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Associated chemotherapy: Early clinical trials may demonstrate the need
for chemotherapy a few wesks before vaccinationm, to avoid immunosuppression
due to current malaria infection (see above, sectiom A,4.2). Whether or not
such prior treatment is required, vaccinated and control groups among resldents
of malarious areas should probably be treated with an effective blood schizon-
tacide at the time of vaccinatiom. This will facilirtate the recognition of
new infections. The drug used should be selected on the basis of drug
gensitivity and toxicity studies. Chloroquine 1is the drug of choice In areas
where P. falciparum is sensitive teo 1r. In other areas, mefleoguine iz the
first choice. ocurative doses should be used. Amodiaquine and pyrimethamine-
gulfadoxine cannot be recommended because of the risgk of serious toxiclcy.
Chloroquine prophylaxis reduces the antibody responge to human dipleid cell
rables vaccinE(l). The significance of this finding with respect to malaria
vaccines requlrves investigation.

Protreatment of the study populaticn (vaccinated and nonvaccinated) c<an
be further justified by the fact that in areas of intense malaria transmission
many persons will have parasitaemia when first examined and must be treated.
Drugs are usually readily availsble in these areas and self-medication may be
widely practised. 1In hole— and hyperendemic areas, low levels of parasitacmia
sannot be excluded on the basis of a single blood examination. Personms clearly
suffering from c¢linical malaria should be excluded from the trial, at least
until they recover.

3.4 Study groups

As stated above, the trial should consist of a randowized double-blind
comparison between vaceine and placebo. Both vaccine and control groups should
live in the same community. The best sampling unit i3 the individual. ERendom
sampling of individuals allocated to vaceine or control groups will be most
conveniently carried cut at the time of vaccination. Stratification by age or
other variables can alsec be done then, An optimal plan consists of the

following steps!

. A complete population census 1s carried out of the community or
communities (e.g. villages) in which the trial is to be conducted.

. Individuals ave excluded from participation based on clearly defined
criteria, such as age, illness, malmutrition, ete. Exclusion can be
made from census information or at the time of vaccipatlon.

. Informed consent is obtained. Persons are informed that they may recelive
either a vaccing or a placebo. OUnly volunteers are retained.

. Prior antimalarial treatment 15 administered, if prelimipary investi-
gations show the need for it (see section A.4.2).

. The wolunteers are randomly allocated to vaccine or control groups: 4if
the trial is stratified, for instance by age and/or occupation, random
allocation is used within each stratum.

- Tnjection with vaccine or placebo 1s given, together with antimalarial
treatment.

(1) Fappaiocanu, M., Fishbein, D.B., Dreesen, D., Schwartz, I1.K., Campbell,
G.4., Summer, J.W., Patchen, L.C. and Brown, W..J. Antibody response to
pre—exposure to human dipleid=-cell rabies vaccine Egiven concurrently
with chleroguine. The New England Journal of Medicine, 314: 280-284

(1986).




TOR/MAF/SVE/FPF/86.5
page 13

The initial census zllows a better assessment of the relatlonship of
vaccinated individuals te the community as a whole and of possible epidemi-
clogical heterogeneity within the community. It also facilitates follew-up
and extension of the trial, if required.

3.4.1 Relactionghip between groups included in Phase III vaccine trials and
special target groups

Two important target groups for a F. faleiparum vaccine will be pregpnant
women and infants, and children under five years of age. These are high-risk
groups for malaria mortality and morbidiry. There is no justification for
including pregnant women, Infants and children in trials carried out in non—
malarigus areas, but because of their public health importance, trials will be
required in these groups. Such trials will be carried out subject to proof of
vaccine safety and efficacy in other groups. Early elinical trials of safety,
immunogeniclty and efficacy will be required in pregnant women, infants and
young children in endemic areas before they can be included in epidemiological
trials.

Eaxly ¢linical trials in adult males condueted in nonmmalarious areas will
also have to be repeated in endemic areas. Early clinical trials in children
could begip after similar trials in adult males have shown safety and efficacy
(However, because of the subjects' semi-immune status, it may not be possible
to demonstrate efficacy in this group.). The corresponding trials is infants
(less than one year of age) and pregnant women will follow trials in older
children, sinte infants and pregnant women are rheoretically at most risk from
untowgrd effects of the vaceine.

3.5 Sample size

Four factors should be taken into account in caleculating sample size:

1} the estimated incidence rate of infection (or of symptomatic
malaria} in the absence of vacecination; let p; = the cumulative incidence
rate, which 1s the proportion of the unvaccinated expected to acquire the
infection within a given period of follow-up; qp =1 - p; = the propor-
tion expected not teo acquire the infection in this periodj

ii} the minimum protective effect which it is desired to detect: it is
proposed to set that ninimum at a 50% reduction in the incidence rate;
let ppz = the corresponding proportion of the vaccinated = 0.5 p1; g =
1 =-py

iii) the acceptable probabiliry (a) of declaring the vaccine effective
when in faet it is5 mot (type I error); o is wsually set at 0.05 or 0.0l: this
probability is the desired level of statistical significance for the trial.

(iv) the acceptable probabllity (B) of declaring the vaccipe ineffective

when in fact it 1s effective {(type II ervor); B is often set at 0.2 or 0.1.
The power of a study is defined as (1 - B ) and provides the probability that a

study will detect a difference if it actually exists.
The requirved sample size is calculated as follows:

2

I e —— 2
ne B Y2pg + Z3Vpgq t+ pa p =9
1 2

where n = the gsample size(l)
P1, B2, 91s 47, 0, B are defined as above

p=(py *+pp)/2; §=(qq +qp)/2
values of Z are found in tables of wormsl distribution.
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The following Table glves the required sample sizes for high to very
high values of the cumulative incidence rate of P. faleciparum infection
(parasitaemia) (py), similar to those found in MNorthern Nigeria over an B80-
day period(py, glven pp = 0.5 p3, @ = 0.05 and g =0.1.

Pi pp = 0.5 p1 n
0.15 0.075 371
0.30 0.15 161
Q.40 0.20 109
0.60 0.30 56

These numbers are only iadicative. The fellowing pointe should also be
congidered:

. Mumbers given refer to persons inirially negative and adequately
followed; if a proportiom rj] is expected to remain positive after the
initial treatment and a propottion ry to be lost to follow-up, the

gample size should be multiplied by 1/(1-r1)(1-t.

. With the numbers given, percent protection would be estimated only
withlo relatively wide confidence limits: parrowing the limits te
preset values would require an increase in the sample size.

. The incidence of symptomatic wmalaria is less well known and its
assessment Less well standardized: it is expected to be lower than the
incidence of infection and the discrepancy is expected to Increase with
immunity: the evaluation of protection against symptomatic walaria will
thus require either a larger sample size or a longer pericd of folleow-up.

. Numbers given assume that there are no false positives: while that
assumption may be acceptable with respect to parasitaemia, f£alse posi-
tives are expected to be relatively commen with respect to symptomatic
malaria; this will reduce the power of the trial ¢and the calculated
protection rate), and may be compensated only by an increase in sample
slze.

3.6 Phases

After study sites have been selected, community relations established
and field teams organized, the following spproximate time schedule could be
implemented,

1) Preparatory phase: About 12 months may be required to finalize the
study design, establish facilities, and teat and standardize all field,
laboratory and data recovding wethods.

1i} Baseline phase: Background informationm on the area, the population,
the local risk of malaria and its seasonal variation, ete., will have been
collected during the preparatory phase or even before. ‘The need for true
bazeline data however (i.e. incidence data against which to measure change), in
particular the effect of vaceination, 1s questionable in a trial of personal
protection, which will be measured against simultanecus incidence Iin the
controls. Randomization, after stratification if appropriate, for instance by

(1) The number required in each of the proups, {.e. vaccinated and unvacci-
nated; if one wants to determine separately the value of vaccination
for different strata, such as age or occupation groups, 1 hag to he
calculated for sach of those groups.

(2) The Garki Project. L. Molineaux &% G. Gramlceia. WHO, Geneva, 1980.
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age and/or occupation, should ensure that vaccinated and control subjects are
indeed submitted to the same risk. In nonimmune immigrant populations
vaccinated on arrival in a malarious area, incidepnce data before vaccination
will by definition not be available.

iii) Intervention and evaluation phase;: This phase begins with
vaccination. Its duration should be kept flexible and will depend on results
as the trial proceeds. A complete estimation of the duration of protection
would require follow-up until incidence rates in vacecinated and controls are
ne lenger significantly different, Prolonged follow—up may also be required
for detecting possible late side-effects. If revaccination and its evaluation
are to be considered, this will further prolong the study. It is suggested to
plan for an initial intervention and evaluation phase of one year, renewable
as often as useful,

iv) Final apalysis phase; Analysis will be continuous during the
preceding phase. The final analysis and the production of the fipal report
may require an additiomal year.

3.7 Evaluation

3.7.1 Data collection and measurements

Methods for data collection and measurements will be selected among those
reviewed below in section B.S5.

The key umeasurements are the incidence of new P. faleiparum infections
and of symptomatic P, falciparum malaria, They will be detected by surveys
with heme visits to every household every week or two in order to enquire
about symptoms possibly attributable to malaria or te the vaccines and about
the uze of antimalarial drugs, to take teumperatures, and to obtain blood by
finger prick for parasitological and immunological tests om those with signs
or symptoms suggestive of malaria., Blood will also be obtained from all
asymptomatic persons during some surveys. The frequency of such surveys or
the possibility of using population samples instead of the entire population
will depend upon the epidemiological situation. Drug use may also be assessed
by biochemical tests (perhaps on a sample basis and not necessarily at every
survey). Case detection between surveys will be done by health persomnel at
health stations designed for accessibility, acceprability and maximum coverage;
cases will be assessed cliniecally, parasitologically and immunclogically. All
individeals with mnalaria detected at or between surveys will be treated
immediately with appropriate antimalarials., Their follow-up will continue as
before, thus allowing deteection of possible residual protection after
breakthroughs.

3.7.2 Analysis of results

The analysis of results will correspond to the objectives of the trial
(see section B,3.1). The following discussion is concerned with the first two
objectives,.namely the measurement of protection and its duration.

Percent protection given by the vaccine can be calculated as follows:

P(t) = 100[p3(t) = pa(t}]/py(r)

where pi{t) = cumulative proportion positive in the controls at time
t; pZCt) = cumulative proportion positive 1n the vaccinated at time t; and
P(t) = percent protection at time t after vaceinationgyy.

{13 P(t) caleculated in this way is based on the cumulative incidence of the
firet infection during the time period and may be quite sensitive to the
length of the time period usged.
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There are other useful ways of looking at incidence and protectlion
rates: person—times at risk rather than persong camn be used ac dencminator,
by counting each episode of infection instead of individual persons 1in the
numerator or by considering successive intervals geparately rather than
cumulatively. The most suitable method may also depend on the machanisn of
action of the vaccine.

Significance: The probability that the difference observed between
those vaccinated and the controls is explainable by chance alome can be
evaluated by chl-square analysis.

Confidence 1limits (CL)} of percent protection are calculated as follows:

varlance in(ps/p1) = (l-p2)/pomp + (1-p1)/pImy» which allows
calculation of the 95% CL of ln(pzlpl), hence the CL of the percent

protection.

3.8 Ethical considerations

The design and implemenmtation of the trial must conform to both national
and internatiomal ethical standards. Prior to implementation, the study design
must be reviewed by a properly constituted local or national ethical committee,
which must include representatives of the group to be vaccinated and of the
responsible health authorities as well as technical experts. There must be
informed consent and a written statement of how that is to be obtained. There
must be no pressure to participate and no differences between services offered
to acceptors and non-acceptors. Health services for treatment of vaccine
reactions and malaria infection and adequate referral and follow—up capability
must be available. An independent clinical referee should be designated and
given the authority to break the trial code on an individual basis, should
that seem desairable.

4, Study Design for Measuring the Impact of a Sporazoite Vaccine on
Transmigssion: Salient Points

If trials of personal protection give encouraglng regults, and 1if
vaccination of infante, young children and pregnant women proves feasible and
permiasible, it will become ilmportant ro evaluate the impact of vaccination on
transmission. Salient features of & study designed to assess this impact and
that distinguish it from a study on protection of vaccinated individuals,

include the following:

. The unit of evaluation iz a relatively closed avea of transmisslon, e.g.
the total populatien of a stable village. FPrelimlnary entomological
investigations, in particular surveys of breeding places along transects
between villages, are recommended in order to evaluate the degree of
isolation between evaluation units.

Evaluation of the impact of vaccination on transmission requires both
bageline data (i.e. wmeasurement of baseline transmission and an
estimarion of its natural variability) fer at least one year bhefore
vaccination and ome or more unvaccinated evaluation unlts to be obaerved
throughout the study. In unstable situations, one year's baseline data
may be insufficient.

With respect to sample sfze, the number of evaluation units (villages)
is the critical factor rather than the number of persoms. Several
vaccinated units and several unvaccinated units should be studied. A
limiting factor is likely to be the capacity for high quality entomo-

logical follow-up.

1t is unlikely that areas of identical iatemsity of transmission will be
found. The allocation of units to vaccinated and control groups should
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he made after the units have been stratified according to intensity of
transmission.

. The areas of transmission will only be relatively closed, i.e. some
people or vectors will certainly move between areas, The consequences
cf such movement can be minimized by surrounding each evaluatlion unit
with a buffer zone treated in the same way. In addition, the movement
of persons into and out of the areas should be monitored and taken Into
account in the analysis.

. In the vacecinated unfits, vaccine coverage should be as high as possible.
A high degree of compliance is essential for this kind of trial.

» Other interventions, Including vector control and the use of anti-
malarials, likely to affect transmission or its assessment showld be
taken inte account in establishing the objective, as well as in
monitoring and analyzing the results of the trial., The objective could
be to evaluate vaccination vs. no control of transmission, ovr the com—
bination of vaccination with other wmethods vs. vaccination alone, or the
combination vs. no control, The possiblility of making several of these
comparisons simultaneously is constrazined by sample size.

. The use of a double-blind design using placebo may not be possible and
not even necessary, It will he essential to ensure the unbiased assess-—
ment of outcomes attributable to the vaccine.

. Evaluation will depend on selection and application of some of the
measurement methods reviewed helow (see section B.5). The key measure-
ments will be the incldence of new infections in human subjects, detected
by parasitological surveys and by case detection, and the infectiom rate
in the vector.

. The objective of the intervention may be either the reduction or the
interruption of transmission; the same principles of evaluation apply

to both cases.

5. Methods of Data Cellection and of Measurement

The following review doegs not imply that all the metheods listed should
be used in every trlal. The selection of the variables to be measured apnd of
methods to be used will depend on the specific objectives of each particular
vaccine trial.

The following aspects of wmeasurement require critical review during the
preparatory phase of a trial: standardization; quality control; reprodu-
cibllity within the study, including comparabllity over time; comparabllity
with other studies; sensitivity and specificity; level of precision actually
required {not necessarily the highest possible); wminimization of the numbers
of specimens (e.g. of blood) to be collected: collection, transportation and
preservation of specimens; recording of data; analysis of results.

5.1 Methods of data collection in the human population

Different variables are of interest in the human population: infection,
disease, immune response, side—effects, mortality. The relevanl neasurement

methods are considered In subsequent sections {(see 5.2 to 5.7), while this
section considers methods of data collection,

5.1.1 Population surveys

Periodic surveys of the total study peopulation will enable the regular
follow—up to be conducted on all study subjects in terms of: symptoms and
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signs possibly attributable to malaria or te vaceination, parasitology,
immunology, and, if appropriate, human behaviour concerned wlith exposure to
and the use of antimalarials or other means of personal protection. The most
effective survey method is by house—to-house visits. The frequency will depend
on the precise objectives of a particular trial and on what ip feasible and
acceptable. In the study design for a personal protection trial, outlined
above (see section B.3), weekly or two-weekly surveys are proposed for enguiry
into signs and symptoms of malaria, with finger—prick blood taken from those
with symptomatic malaria. Fiuoger-prick blood should also be taken from asymp—
tomatic persons, either from all at some surveys or from a sample at each
survey. Different laboratory tests might be performed at different frequencies.

Population surveys conducted through frequent house vigits are similar
to the active case detection (ACD) of the malaria eradication strategy. The
major difference is that blood for laboratory tests will also be taken from
asymptomati¢c persons.

5.1.2 Detection of cases between surveys

Governments are committed to provide adequate diagnostic and treatment
facilitles to the whole population, and it weuld be approprilate to atrengthen
the peripheral health services in order to make cass detection as sensitive as
possible. This would involve the early ldentification, and entolment in the
trial, of all services, public or private, te be consulted by the satudy
population. It may be mecessary to set up nevw health stations especially for
the trial. Participants should be encouraged Lo use the health stations for
any symptoms that develop., Monitoring of health care utilization patterns may
need to be Iincorporated in the study design.

The same system of case detectlon sheuld alsc detect serions slde-effects
of vaccination. This system is similar to the passive cage detection (PCD) of
the malaria eradication strategy.

5.1.3 Detection and investigation of deaths

Even though some trisls may not be designed for the adequate measurement
of mortality (see below), it is desirable in all trials to set up 2 gystem of
detection of all deaths occurring in the study population and to determine, on
the basis of history, the probable cause of death.

5.2 Infection in man

The curtrently accepted method for detecting malaria infections is by
microscopic examination of thick and thin blood films. Seusitivity depends on
the volume of blood examined. The most commonly used convenlent substitutes
for a srandard volume are 100 and 200 thick-film microscopic fields. A
complete examioation includes identification of parasite species and of
P. faleiparum gametocytes, and measurement of parasite denslity. Currently
accepted measurements of density that allow discrimination at high densitles
involve the counting of parasites either against white blood cells in the thick
film or apainst red blood cells in the thin film. In transforming such
relative counts into pumbers per volume, it is uswal to assume 2 fixzed white
or red blood cell count in the study population, Notwithstanding efforts to
gtandardize all procedures involved, their performance continues to vary
between investigators and with the same investigator over time, and the varia-
tion is mot always clearly perceived or documented.

The following procedures are considered esgential, and are applicable to
all trialw:

» standardizatlion of procedures within each trial and a=m far as poasible
between trials;
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. taking of blood films in duplicate;

. "blind" microscopic blood film examination

. preservation of blood films for further reference;

- quality control wicthin each trial by reexamination of a coded sample of
blood films;

- comparability between trials by exchange and re-examination of coded
samples of blood films;

) with respect rto dengity, the recording and storage of actual parasite

numbers counted, even Lf some analyses will use only density classes.

In addition, parasitaemia may be more accurately determined either by
measuring the volume of hleod examined or by combining a white and/or red
blood c¢ell count with the parasite count, The use of mnewer diagnostic
techniques, uging DNA probes or monoclonal antibodies, should be considered.
These cannot at present replace microscopic examination but may well become
valuable additions, permitting rapid, objective and specific evealuation of
large numbers of blood samples. In particular, the use of DNA probes may be
helpful for species-specific diagnosis of parasitaemia.

5.3 Tmmune response

5.3,1 Measurement of antisporozolte immuné response

Immunological assessment will be required to assess the prevaccination
immune status of individuals, to characterize the immune response to
vaccination and its duration, and to correlate the immunological response with
protection.

Immunological assessment of antisporozoite wvaccines will depend
eggentially on measurements of antibody levels. The necessity for inclusion
of cell mediated immunity (CM1) assays should be assessed during early
clinical trials. The inclusion of CMI measurements In fleld trials will
involve important logistic and ethical guestions due to the need for
venipuncture, and therefore the justification for their inclusion must be
established in advance.

5.3.1.1 Antibody measurement

Methods

Several methods are currently available £or the measurement of
antigsporozoite antibodies. 1In increasing order of sensitivity, thess are:

- circumsporozoite precipitation {CSP) reaction

- indirect immuncofluorescent antibody test {(IFAT)

- enzyme—linked immunosorbent assay (ELISA) and
radicimmuncassay (RIA)

In addition, a functionmal assay measures the inhibiltion of sporozoite
invasion into liver cells in vitro.

No crossreaction has been found so far between sporozoite antigens of
the different species of human malarla.

It is not yet clear whether anti-asexual blood=-stage antibodies may
crossreact with sporozoites. One B, falclparum asexual-stage antigen
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crossreacts with the €8 protein, but the practical lmportance of thisz finding
for serology has not yet been evaluated.

Samples, storage and trangpertation

A11 the antibody assays can be carrled out using small amounts of serum
obtained from finger-prick blood samples. Studies published to date have all
used freezing as the method of storage; liquid nitrogen coatalners are
required for trausportation of samples unless they reach the laboratory within
24 hours. Long—term storage at —70°C is recommended.

Recent Findings suggest that samples collected on filter paper may be
satisfactory for subsequent elution and assay of antisporozoite antibodies.

Recommended tests

Atz an initial screening method, both for the prevaccination population
studies and for measurement of the immune response to vaccime, the ELISA 1s
the method of cholce. A relevant peptide based on the repetitive sequence of
the €S molecule should be used in the assay. Lerge numbere of samples can be
processed rapidly at low cost and the results are quantitative.

Selected samples, based on the ELISA results, should be further tested
for CSP reactiom (using live sporozoites) and by the IFAT (using slides of
glutaraldehyde-fized sporozoites). In additien, a proportion of samples
should be tested for in vitre inhibition of sporozoite invasion 1nte liver
cells, which may be a more direct assay of functionally relevant antibody.

Standardization of the assays used in the trial 1s essential. The use
of a standard reference antibody is recommended.

For certain carrier-based vaceclnes, pre— and post—vaceination 1mmune
status to the carrier must be assessed durilng the early clinical trials in the

endemle area.

5.3.1.2 Evaluation of cell-mediated immunlty

As noted above, the value of (MI measurements in the case of sporozolte
vaccine testing should be established during Phase I and IT trials.

T cell regulatory fumction

The proliferative response of blood T cells, stimulated with the same
defined natural antigems or peptides included in the vaccine, may be assayed
before and after vaccination {and challenge).

Cell-mediated effector activity

The classical test for cell-mediated effector activity is a skin test for
delayed-type hypersensitivity (DTH) by intradermal injection of antigen. If a
skin test is included im the trial, the same antigen as used in the wvaccine
should be used for skin testing.

Samples, storage and trangspertation

Blood samples for lymphocyte proliferation assays and lywmphokine measure-
ment must be taken by venipuncture, in order to obtaln sufficient blood and to
ensure sterility. Samples which can be transported to a laboratory within 24
houre can remain at ambient temperature. Samples of geparated cells which
cannot reach the laboratory within 24 heurs will require liquid nitrogen
storage facilities. Lymphocytes can be collected and then stored in liquid
nitrogen for testing at a later date,
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5.3.2 Antibodies to bleood-stage parasites

Antibodies to whole parasites are considered to provide an estimate of
the cumulative incidence of parasitaemia over a period of time (e.g. between
two serological surveys). Titres are expected to be affected indirectly by a
sporozoite vaccine! in comparison with unvaceinated controls, those vaccinated
are e¥pected to have a lower converslon rate from negative to positive,
possibly a higher rate from positive to negative and generally lower antibody
titres. The most appropriate test is probably the TFAT.

5.4 Malariz morbidity (disease)

Morbidity e<asn be considered in terms of incidence of Infectionm,
incidence of disease and incidence of severe disease. It is important to
distinguish these concepts.

Different types of malaria vacclnes could reduce one or more of thesge
forms of morbidity. A P. falciparum sporozoite vacelne is expected to reduce
the incldence of infection and thereby the incidence of disease, including
severe disease. It is not known whether a P. falclparum sporozoite vacecine
will act by reducing the number of sporozoites reaching the liver and thereby
reducing the probability that infection will produce disease, severe disease
and death.

The assessment of malaria disease and its severity in a vaccine trial
raises several problems, The definitions and diagnostic c¢riteria wused in
clinical sassessment are not adequately standardized. With respect to severe
malaria, standards have been ptoposed at a recent WHD meabing 1. One
method of evaluating the effectiveness of vaccination 1s 1ilkely to be rapid
case detection, As it would be unethical to leave detected cases untreated,
there will be little opportunity to assess the geverity and duration of
disease. If the required sample size 1s calculated on the basis of percent
protection against the acquisition of infection, it ig likely to be too =small
te messure the impact on relatively rare complications, such as cerebral
malaria. A vaccine might be very effective in preventing most infections but
gselectively fail to prevent some of the wost dangercus infections, and this
differential effect may not be detected if the evaluation is in terms of
infeetion. On the other hand, a vaccine mipght substantially reduce morbidiry
with very little reduction inm prevalence of parasitaemia (but probably with
reduction in parasite density). Larger trials at a later stage (Phase IV) may
be needed for assessment of morbidity,

A vaccine which induced only partial immunity to sporozoites might
reduce the severity of infection through prolongation of the prepatent and
incubation periods. It would therefore be important to know whether such
prolongation occurs. It is unlikely that this can be assessed in field trials
under natural challenge, but it is an important research question for
avtificisl challenge studies, in animals and in human subjects.

Although the eplidemiclogical evaluation of P, faleiparum sporozoite
vaccines is likely, at least initially, to be made mainly in terms of infection
and early symptoms, it is alsoc advisable ¢ assess illpess and hence to
standardize clinical definitions, diagnoatic eriteria and records.

(1) World Health Organization. Severe and compllicated malaria.
Transactions of the Royal Society of Troplcal Medicine and Hygienme,
BO(Suppl.}: 1-41 (1986),
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5.5 Malaria mortalicy

In copsidering mortality, it is important to distinguish the mortality
rate (from all causes combined), the malarla-specific mortality rate and the
malaria case fatality rate.

Malaria vaccines could reduce all three rates. A P. falciparum
sporozolte vaccine is expected to reduce the malaria-specific mortality rate
through a reduction in the incidenee of infection. Through 1its Indirect
effects, it is likely to reduce to an even greater extent the mortality rate
from all causes combined, and it might also reduce the severity of infectiom

and hence the case fatality rate.

The assessment of malaria mortality in a vaccine trial ralses problems
cimilar to those of assessment of disease and its severity. Death may not be
registered and its cause may be difficult eor impossible to determine, Early
detection and treatment of cases should virtuslly prevent death from malaria.
Evaluarion of effects on mortality requires & much larger gample slze than
evaluation of effects on infection, Even 1f a vaccine showed a teaconable rate
of protection apgainst parasitaemia, vaccinated individuals whe nevertheless
developed parasitaemia might include those who were destined to die from
gsevere malaria, because of elther intense infectlon or inadequate host
defenses., In this situation the vaccine might show a high protection rate
against infection but little or ne effect on mortality. As with the assessment
of serious morbidity, further studies may be vequired at a later time to
determine the impact of a malaria vaccine on mortallty.

Even though the epidemiclogical evaluation of a P. faleciparum sporozoite
vaccine is likely to be made, at least initially, mainly in terms of infection
and early symptoms, it is advisable to set up an effective, standardized
system of registering deaths, of investigating thelr causes and of recording
the information. '

5.6 Measurement of side-effects (safety)

The measurement of side-effects should be considered in relation to the
time following vaccination st which side-effects are expected, Current or past
P. falciparum infection may increase the tisk and severity of side—effects, so
that early trials in nonendemic countries may not be adequate predictors.
3ide—effects should be assessed in all phases of yaccine trilals. Moderately
frequent and infrequent adverse effects are wmore likely to be detected in
epidemiological (Phase III and IV) trials.

5.6.1 Tmmediate side—affects

Vaccinated and control (placebo vaccinated) persons should be observed
immediately after vaccination to identify acute reactions. A follow—up visit
to the homes of the study population should be done within a few days to
identify early reactioms, such as paln and abscess at the vacelnation site,
and constitutional symptoms, including fever. Health services and facilities
for careful clinical examination should always be available.

5.6.2 Delayed effects

Delayed toxicity, ipeluding immunopathclogical phenomena, may not become
apparent for many wonths, and observations for eide-effects may have to
continge beyond the period of vaecine profection. Both case detection and
population surveys should be used.
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5.6.3 laboratory examinations

The need for hsematologilcal, immunological and blochemical exXaminations
should be assessed on the basis of earlier trials. Extensive testing for
urinary protein may permit the detection of incipient renzl immunopatholeogical
manifestations, Studies requiring a venous blood sample may be difficult to
carry out freguently or In the whole population. Samples from the controls
are necessary for comparison.

5.7 Human behaviour

The agpects of human behaviour most relevant to the early epidemiclogical
evaluation of a P. falciparum vaccine arer: occupatlon and travel that may
affect exposure to the vector; personal protective measures, such as bednets,
which may reduce exposure to malaria; and factors that affect the probabilicy
of detecting an infection, such as the use of diagnostic facilitles and of
antimalarial drugs.

Information regarding exposure and use of personal protective measures
can be collected through standardized short interviews and by observation of
activities. Treatment—-seeking and drug-use patterns can be determined by
questionnaire and observation. Urine and blood samples can be examined for
the presence of antimalarial drugs.

5.8 Entomological measurements

5.8.1 Relevant variables

The entomological variables most relevant to epidemiclogical evaluation
of malaria vaccines, in particular P. falciparum sporozeoite vaccines, are
those related to intepsity of transmission: frequency of infection in the
vector (sporozoite rate), the entomological incculation rate (the number of
sporozoite—positive bites received per person per day) and distributien of
intensities of infection within the vector population. Measurements of these
variables can be used to calculate the challenge faced by vaccination, the
impact of vaccination on transmission and the degree of natural exposure to
sporezolites.

While entomological meagurements are esgential for trangmission studies,
they are alse useful for personal protection studies. The main measurement of
challenge is incidence rate in controels, but the entomological Inoculation
rate provides additional information because it allows better discrimipation
at the higher levels of transuission.

5.8.2 Methods

The estimation of entomological indicators used in malaria epidemioclogy
involves three steps: a sampling scheme, i.e. the selection of times and
places at which to collect mosquites; a collection method, e.g. all-night
collection from human subjects; and the examination of mosquitos collected,
e.g. for specles and infection. Only some particularly relevant issues can be
discugssed here.

For the three wvariables iddentified above, the preferred merhod of
collection is all-night direct collection from human subjects. This raises
several problems, includiag the availabllity of collectors, the ethics of
exposing thew to infection, and the cost, especially of efficient supervision.
In the past, the ethical guestion has usually been answered elther by using as
collectors adults who are exposed in any event and presumed to be relatively
immune or by the use of chemoprophylaxis (questionable in situations where no
completely safe and effective prophylactic drug is available). If a substitute
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collection method 15 used (e.g. man-baited net traps or collection from human
subjects for only part of the night) it should be checked periodically against
the standard methed.

In planning and interpreting measurements of the man-biting rate, 1t is
important to be aware of the non—uniformity of the true man-biting rate and of
the biases implicit in its measurement.

Vector infection is now best determined using moucclonal antlboedies to
the €S protein in an ELISA. Sporozoite detection is specles specific and
quantitative. The method can be used to determine the distribution of parasite
loads in the vector population. This may be related te the risk of severe
digease and to that of breaking through vaccine-induced immunity.

C. PRELIMINARY OR CONCOMITANT RESEARCH RELEVANT TG THE EPIDEMIOLOGICAL
EVALUATION OF P. FALCIPARUM SPOROZOITE VACCINES

The following is a teutarive list of topics of research that could, and
for some topics indeed should, be conducted before or at the same time as the

epldemiological evaluation of P. falciparum sporozoite vaccines,

1. Methods of Measurement

New tests would be useful to measure protectlon, distinguish natural from
vaccine-induced immune responses to P. faleipayum sporozoltes and to confirm
radical cure of a P, falciparum infection.

Standardization of measurement methods will be essential to ensure
comparability of data within and betwean trials.

Adaptation of existing tests for epidemiological use: it would be useful
to investigate which tests for antibedy measurement can be performed on blood
collected on filter paper and to what extent refrigeration of specimens 1s
indispensable.

2. Epidemiology of P. falciparum Malaria

It would be relevant to investigate:

. Matural patterns of the antibody response to P, falciparum sporozoites,
in relation to age, season, infection, disease, entomeloglcal inoculation
rate; the transition from passive (maternal) to active antibody response
to P. falciparum sperozoltes; the detection of the effects of subsequent
exposure to gporozoltes.

. The existence of naturally acquired cell-mediated immunity teo F.
faledparum sporozoites.

. The effect of chemoprophylaxis on antibody levels against P. falciparum
sporozoltes.

] the existence of antigenic diversity of P. faleiparum sporozoltes.

. Natural patterns of P. falciparum challenges presented by the vectors,
including the distribution of intemsity of infectiom 1in vector popula-
rions.

. The relationship between the numbar of sporozolites inoculated and the

severity of gubsequent disease in animal models.
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3. Expected Effects of Bporozolte Vaccines
The following way merit further investigation:
. The existence and characteristics of suppression of the Immune response

to P. falciparum sporozolte vaccines by blood-stage infections and the
effect of chemotherapy on such suppression if it occurs.

. The existence and significance of cell-mediared immunity following
vaceination against sporogzoites,

. The existence and significance of suppression of the immupe response Lo
the vaccine by c¢hloroquine, by analogy with such an effect with respect
to rables vaccine.

. The existence and significance of partial immunity to spotozoites.

) Effect on sporozoites In the vector of antisporozoite antihodies present
in the vector's blood-meal.

4. Simularion Models

These may asslst in the plannlag and evaluation of vaceine trials and of
vaceine utilization in public health programmes.
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