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Basic considerations concerning field trials of malaria
vaccines in human populations

I. A. MCGREGOR'

Studies in animals have shown that effective immunity can be induced by vaccines
employing plasmodial sporozoites, asexual blood forms (e.g., meroZoites), and sexual
bloodforms (gametocytes/gametes) In thefuture, but only when extensivesafety testing has
shown them suitabkefor administration to human subjects, the efficacy ofsuch vaccines in
the control of malaria in humnian populations will need to be assessed. Field trials willpose
many complexproblemsand assessment ofthe results theyyield willdemandpreciseandde-
tailed information first on thefrequency, density ofparas.taemnia and clinical severity of
malarial episodes in vaccinated and control subjects and second, on the changes that occur
in the gametocyte reservoir and entomological indices oftransmission within the trial area.
They will require to besited in areas where the prevalence, importance and epidemiology of
malaria is known withprecision and where much additional information on the endemicity
of non-malarial illnesses is available. Trrals will entail close collaboration with experienced
statisticians and mer.culous planning, with special emphasis on the design of an efficient
records system. The services ofexperienced clinicians skilled in the diagnovis and treatment
of malarial and non-nalarial illnesses will also be essential. Surneillance of the indices of
malaria transmission will require competent entomological expertise.

In recent years much evidence has accumulated
indicating that many animal hosts can be effectively
immunized against various plasmodial species.
Although the mechanisms by which protective im-
munity is modulated remain unclear, it has been
shown that vaccines employing sporozoites, asexual
blood forms (merozoites), or sexual blood forms
(gametocytes/garaetes) can each induce immunity
that is species-specific and also largely phase-specific.
The extensive studies in rodent malaria made by
Professor Nussenzweig and her team (1-3) have
demonstrated that whereas vaccination with
sporozoites induces strong protection against further
sporozoite challenge, the immunized animal remains
totally susceptible to infection induced with
homologous blood forms. Similarly, Professor
Cohen and his group (4) have shown that while
merozoite vaccination in monkeys engenders effective
immunity towards asexual blood forms, it does not
appear to inhibit either the development of pre-
erythrocytic forms in the liver or the appearance of
asexual forms in the blood when immunized animals
are challenged with sporozoites. Gwadz (5) has
described how immunization with a gametocyte
vaccine reduces the capacity of parasitized fowls to
infect mosquitos without apparently modifying the
course or severity of asexual parasitaemia. Thus, the
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prospects are that, at some point in the not too distant
future, at least three different types of malaria vaccine
may become available for field testing in the context
of human malaria. Already, Clyde and his colleagues
(6-7) have shown that man can be effectively
immunized against sporozoire challenge.

SPECIAL PROBLEMS OF FIELD STUDIES IN- MAN

Field studies of malaria vaccines in inian will present
complex problems in relation to their conduct and to
the assessment of their results. It wvill not be possible
in such studies to achieve the same degree of precision
and control of important variables that can be at-
tained in carefully designed laboratory experiments
involving animals. The absence of an in vitro test to
measure protecLive immunity in man will complicate
the assessment of the immune status of trial parEici-
pants, both before and after vaccination. At the time
of vaccination, many participants wiil harbour infec-
tions with non-malaria] parasites and other organisms
and these may impair the immune responise to vac-
cines. Througbout the trial period it will be tmpossible
to assess the size and antigenic identity of the plas-
modial inoculations that participants will sustain.

Ultimately, the assessment of vaccine effi'ciency
will be made on data derived from the exact documen-
tation of, first, the ditference observed in the preva-
lence and severity of malaria! episodes occuring in
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immunized as opposed to control groups and, second,
the changes occurring in the gametocyte reservoir and
the entomological indices of transmission within the
trial area. Trials will therefore involve the monitoring
of the health status of participants at frequent inter-
vals over prolonged periods and their successful con-
duct will require the full and unstinted cooperation of
the population.

Trials made in areas where malaria is endemic will
certainly involve the immunization of many individ-
uals who have already acquired substantial immunity
through natural infection. Our present concept of
such immunity, which we owe largely to Boyd &
Kitchen (8) and to Sinton (9) is that it is essentially an
ability to restrict the replication of asexual blood
forms; it does not, however, protect against challenge
with sporozoites or prevent the appearance of circu-
lating asexual blood forms following such challenge.
Furthermore, there is epidemiological evidence (10)
that naturally acquired immunity is not effective
against sexual blood forms, since highly immune
adults resident in hyperendemic areas remain capable
of infecting mosquitos that feed upon them. Thus, at
present our understanding is that natural immunity
closely resembles in many respects the immunity that
is induced in animals by merozoite inoculation, and
we have no evidence that it entails the specific neutral-
ization of either sporozoites or sexual forms. Further
information on these latter points would be of con-
siderable value in assessing the results yielded by trials
of the different vaccine types under field conditions
and there is therefore a pressing need for studies to be
undertaken that will assess whether and at what fre-
quency antibodies specific to sporozoites and sexual
forms can be detected in the sera of naturally immu-
nized human subjects.

Prerequisitesforfield trials
The first and most important prerequisite is the

availability of a vaccine preparation that has under-
gone adequate preliminary tests in experimental ani-
mals and in human volunteers, that has unequivocally
been shown to be safe for administration to human
subjects, and that has been approved by a reputable
safety organization. The need for safety testing must
not be regarded lightly. Great care will be needed to
ensure that in all parasite cultivation systems primary
seed material is free from microbial contamination
and that such contamination is rigorously excluded
from all subsequent stages of vaccine production. In
addition, the fmal preparation must be shown to be
free from contamination with antigens derived from
human host cells.

Second, if adjuvants are to be used in conjunction
with a vaccine, these too must be extensively tested
and receive full safety clearance before being used in

human studies.
Third. information on the stability of the vaccine

and its storage properties under different conditions
of temperature and humidity should be available, as
should information on the route of administration
and dosage schedules.

The planning of trials
From the earliest stages trials should be planned in

close collaboration with statisticians who already
possess extensive experience in the design and conduct
of biologicalinvestigations. In general, the procedures
that have been evolved and found satisfactory for the
field trial of antimalarial drugs should be adopted.
Participants should be randomly allocated to immu-
nized or control groups in a manner that ensures that
the groups are balanced in respect of age and sex.
Since both groups will require intensive medical sur-
veillance throughout the trial period, they should be
as small as is commensurate with statistical require-
ments. To ensure unbiased medical surveillance, the
field team should not know the identity of inmu-
nized, as opposed to control, participants.
The objectives of the trial should be clearly defined

at the planning stage. The staff structure and level of
equipmenE of the field team should be adequate to at-
tain all objectives. Particular attention should be paid
to the creation of an efficient record system and fre-
quent interim analyses of records should be planned
so that the attention of the field team can be directed
without undue delay to investigational procedures
that require improvement. While all members must be
entirely competent in their respective disciplines, the
efficiency of any field team will depend largely on the
calibre of the leader; he must, therefore, be chosen
with great care.
When operational plans have been fmalized they

should be submitted to an appropriate ethical com-
mittee for approval.

The siting of trials
Before an area is selected as suitable for the staging

of a vaccine trial it should meet certain requirements.
There should be a census of the population available
and the ages of children should be known with reason-
able accuracy. Population mobility should be mini-
mal. Accurate records of births and deaths should be
available. There should be information on the identity
and seasonal prevalence of commnunicable diseases
endemic within the area. In particular, detailed infor-
mation should be available concerning the endemicity
of malaria, which should include accurate data on the
identity, prevalence, and host-preference of anoph-
eline vectors, oocyst and sporozoite rates, spleen rates
in children, rates and density of sexual and asexual
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parasitaemia in the different age groups, and age-
specific profiles of the prevalence and titre of malarial
antibodies in the serum. Above all, access of the
population to antimalarial drugs other than those
administered by the field team must be negligible and
there must be no evidence of recent or current use of
residual insecticides within the trial area.

In most areas where malaria is highly endemic, fre-
quent medical and entomological surveys made over a
period of at least one full year will be required to
establish essential baseline data before trial operations
can start.

The conduct offield trials
The staff structure and method of working of field

teams will be deterined largely by the type ofvaccine
under test and the extent to which it requires to be ad-
miinistered within Lhe population. In some instarnces.
immunization may be applied only to those sectlons
of the population, e.g., young children. that are
singularly vulnerable to malaria. in others the aim
may be to immunize all age groups without discrimi-
nation. In all trials, key personnel will be clinicians
and entomologists. The clinicians will need wide ex-
perience of the clinical and parasitological manifes-
tations of malaria and must also be skilled in the
diagnosis and treatment of locally endemic diseases.
particularly as these appear in children; the entomolo-
gists must be competent to monitor rates of malaria
transmission by mosquitos within the trial area.

For sporozoite vaccines, evaluation of the effective-
ness will depend primarily on the relative frequency
with which parasitaemia occurs in the immunized and
control groups and secondarily on the assessment of
the density and clinical severity of parasitaemic
episodes in the two groups. For merozoite vaccines,
the essential criterion will be a significantly lower
frequency of heavy, clinically severe infections in
immunized as compared with control subjects. For
gametocyte/gamete vaccines, the earliest expected
evidence of effectiveness will be the reduction in
oocyst and sporozoite rates in mosquitos associated
with immunized communites; later, changes should
follow in the prevalence, density, and clinical severity
of parasitaemic episodes recorded in the immunized
population.
Thus in all trials, but especially in those involving

merozoite vaccines, mucb will depend on the diagnos-
tic and prognostic capabilities of the clinicians. They
will be responsible for deciding which malarial epi-
sodes may safely be permitted to continue without
treatment and which must be terminated without
delay. As the progress of clinical episodes of malaria
will require to be assessed on a day-by-day basis, the
medically qualified members of the team should
reside in the trial area and be accessible to pariicipants

at all times.
In both sporozoite and merozoite vaccine trials, im-

munized and control groups should be selected from
homogeneous, i.e., single-village populations, to
ensure that they encounter similar levels of infectious
challenge. To facilitate entomological assessment of
the effects of gametocyte/gamete vaccines, immu-
nized and control groups should each comprise the
entire population of discrete and quite separate
villages.

In areas where malaria is seasonal, vaccination pro-
cedures should be instituted and completed in the
season of minimal transmission. Participants will
require to be identified Nvith accuracy at the outset
and at all subsequent encounters during the trial
period. Prior to vaccination (or sham-vaccination in
the case of the controls), each participant should re-
ceive a detailed medical examination, which should
include assessment of current nutritional and hae-
m)atological status. Serum samples should be taken at
this examination and stored in a frozen state for sub-
sequent assay of serum proteins (total protein, albu-
min, IgG and lgM), and specific malarial antibodies.
At this stage, consideration should be given to the
exclusion of persons showing evidence of active non-
malarial illness or advanced malnutrition. At least
two weeks before immunization, participants should
receive a standard therapeutic course of an effective
antimalarial drug and thereafter, until the completion
of the immunization schedule, they should be kept
free from parasitaemia where necessary by the use of
regular effectivre chemoprophylaxis. At appropriate
points between vaccine administrations, participants
should be examined for evidence of adverse effects
attributable to vaccination.

Post-immunization assessments should be main-
tained for a period of about one year in the first
instance. In areas where malaria is seasonal, the study
period should certainly embrace the whole of the
major transmission season. Assessments should
comprise:

1. The daily monitoring of episodes of clinical,
particularly febrile, illness with the recording of clini-
cal features, blood-film findings, diagnosis, and
treatment. In the case of malarial illness, details of
parasite density and species identity should be re-
corded, together with an assessment of the clinical
state of the patient.

2. The weekly routine examination of blood films
from each participant. The occurrence of parasit-
aemia, the density of asexual and sexual parasites,
and the identification of plasmodial species should be
recorded.

3. At monthly intervals, each participant should
again receive a detailed medical examination at which
nutritional and haematological status is assessed.
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Blood films should be taken and a small sample of
serum should be collected and stored.

Since all trials will involve intensive longitudinal
health monitoring and consequently the frequent
treatment of illness, both malarial and non-malarial,
two aspects will require special consideration. The
first is that the taking of large blood and serum
samples by venepuncture must be restricted to a
minimum. Wherever possible, small samples should
be collected by capillary methods and subsequently

examined using appropriate microtechniques. The
second is that drugs possessing an antimalarial action,
e.g., tetracyclines, trimethoprim, sulfonamides,
should be used in the treatment of non-malarial ill-
nesses only when no suitable alternative drug exists.

Entomological surveillance should present no
unforeseen problems as the necessary techniques have
been well studied and tested in many parts of the
world in the course of malaria control operations
using.residual insecticides.

RESUMt

PRINCIPES DE BASE POUR L'ORGANISATION DIESSAIS DE VACCINS ANTIPALUDIQUES
SUR DES POPULATIONS HUMAlNES DANS LES CONDITIONS DE TERRAIN

Lorsqu'on disposera de vaccins antipaludiques remplis-
sant les conditions de skcurite requises pour etre employes
chez 1'homme, il faudra 6tablir leur efficacite pour endiguer
le paludisme dans 1'ensemble d'une population. Or les essais
sur le terrain posent un problWme complexe. Certaines des
variables qui peuvent influer sur J'efficacitR de la vacci-
nation seront plus difficiles A contrbler que cc n'est le cas
dans les expriences sur des animaux de laboratoire, et il
faudra que les populations soumises A l'essai fassent preuve
d'une coop6ration sans faille. L'6valuation des resultats
reposera sur une soigneuse analyse des donn6es rassemblMes
grace A des m6thodes statistiques eprouvees et qui renseigne-
ront sur la fr&quence et I'intensit& de la parasitkmie, la
gravite clinique des atteintes palud6ennes frappant les deux
categories d'individus soumis A 1'enquete (soit les sujets vac-
cinEs et ceux qui appartiennent au groupe temoin) et la
maniire dont ,voluent, dans la zone en cause, le r6servoir de
gamEtocytes et les indices entomologiques de transmission.
Les essais seront donc planifiks avec le concours de statisti-
ciens exp6riment6s, et on s'attachera tout particuli.rement A
I'adoption d'un syst6me d'enregistrement des donn6es
permettant des analyses irterm&dtaircs rapides. Pour assurer
l'objectivit6 des constatations ciniques faites par tes agents
op6rant sur le terrain, ceux-ci devront autant que possible
ignorer si les individus examines par eux appartiennent au
groupe vaccine ou au groupe temoin. On peut citer, parmi
les crittres A respecter pour le choix d'une rtgion se pretant a
un essai de vaccination, les 6lments suivants: existence d'un
recensement de population flable, stabflit6 relative de la
population (faible taux de migrations), indices d'infection
palud6enne suffisamment pr6cis, disponibilith de donnees
sur la prEvalence de maladies end6miques autres que le palu-

disme et de statistiques de natalite et de mortalite, difficulte
pour la population de sc procurer des m6dicaments antipalu-
diques en dehors de ceux administres par 1'6quipe de
['enquete, enfin absence de recours concomitant ou r&cent A
des insecticides E effet r6manent.

Les 6quipes de terrain seront formees principalement de
ciniciens experimentes dans le diagnostic et le traitement du
paludisme et des autres maladies endemiques pr6valant dans
la r6gion et d'entomologistes habitues A relever les indices
entomologiques de la transmission du paludisme. Le con-
trble approfondi de 1'6tat de sante des participants du
groupe vaccine et du groupe t6moin jouera un r81e pri-
mordial dans tous les essais. Les sujeEs seront examines par
un medecin; leur 6tat nutritionnel et leurs caracteristiques
h6matologiques seront determines aux fins de leur stlection
pour l'essai et A plusieurs reprises au cours du processus de
vaccination, ainsi qu'A intervalle r6gulier d'un mois pendant
l'ann6e suivante. Lors de ces examens, des 6chantillons de
sang seront pr6Iev6s et stockEs en vue de J'analyse des pro-
teines s6riques et des anticorps contre le paludisme. Le pr6-
I6vement devra autant que possible se faire au moyen de
techniques capillaires plut6t que par ponction veineuse. Des
&talements de sang recueillis chaque semaine chez tous les
participants seront examin6s en vue de deceler la presence de
parasites du paludisme. Tous les episodes cliniques, notam-
ment les acc6s f6briles, seront contr8l1s quotidiennement, et
les symptomes cliniques, Jes resultats de I'examen des etale-
ments de sang, le diagnostic pose et la th6rapie institu&
seront dfiment notes. Chez les sujets souffrant de maladtes
non paludeennes, tout m&dicament exersant wue action anti-
paludique devra etre exclu du traitement dans la mesure du
possible.
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