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Principles of malaria vaccine trials:
Memorandum from a WHO Meeting*

The Scientific Working Groups on Immunology of Malaria and on Applied Field
Research in Malaria of the UNDP/ World Bank/WHO Special Programme for Research
and Training in Tropical Diseases held a joint meeting at WHO headquarters in Geneva,
Switzerland, on 4-8 February 1985 to consider the current status of malaria vaccine
research. Although experience with vaccines against bacterial and viral infections provides
valuable information, the advanced stages of development of malaria vaccines pose
entirely new problems calling for the elaboration of guidelines for preclinical studies and
vaccine trials. The principal purpose of this meeting was to establish such guidelines.

INTRODUCTION

Despite the remarkable results of the intensive
efforts made against malaria from the 1950s to the
1970s, the disease has remained a major health
problem in many tropical and subtropical countries.
The malaria situation in 1982 was summarized as
follows.
"Of a total world population of 4574 million,

about 1292 million (28070) live in areas where malaria
never existed or from where it disappeared without
specific antimalaria measures. Some 800 million
people (18%) live in areas where the disease has been
eliminated during recent decades by the general
improvement of health facilities, changes in the
environment and successful antimalaria efforts.
Forty-six per cent of the world's population, 2117
million people, live in areas where antimalaria
measures have reduced malaria incidence in varying
degrees, ranging from a slight reduction of the
original endemicity to the near elimination of the
disease in certain areas. Some 365 million people

* This Memorandum is based on part of the report (document
TDR/IMMAL-FIELDMAL/VAC/85.3) drafted by the signatories
listed on pp. 203-204. Requests for reprints should be addressed to
the Office of the Director, TDR, World Health Organization, 1211
Geneva 27, Switzerland. A French translation of this Memorandum
will appear in a later issue of the Bulletin.

(8%) live in areas where no specific antimalaria
measures are undertaken. The original levels of en-
demicity are largely unchanged in those areas" (1).

These last areas include most of tropical Africa,
where malaria is predominantly hyper- or holo-
endemic and Plasmodium falciparum is the
prevailing parasite species. It is estimated that the
number of cases of acute clinical malaria alone is of
the order of 90-100 million per annum. In addition,
there is a large reservoir of chronic infections
presenting with few symptoms (oligosymptomatic).
Substantial mortality from falciparum malaria
occurs especially in young non-immune persons in
tropical Africa.
The situation over the past 15 years clearly shows

that the worldwide elimination of malaria cannot be
achieved with the means currently available, and the
present antimalaria strategy is therefore based on
realistic concepts of malaria control (2), in the
implementation of which primary health care is
expected to assume an important role (3). However,
even at modest target levels of malaria control, the
same constraints that stood in the way of global
malaria eradication still operate, namely financial
and administrative difficulties as well as technical
problems. The latter include widespread resistance of
anopheline vectors to insecticides (4), the occurrence
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and spread of chloroquine resistance, and the
increasing development of multidrug resistance of
P. falciparum in large tropical areas (5), the
exophilic behaviour of certain anopheline vectors,
and factors associated with human ecology, such as
transhumance and social attitudes. These obstacles
have partially or totally invalidated the traditional
antimalaria armamentarium.

Considering this most unsatisfactory and
dangerous situation, the UNDP/World Bank/WHO
Special Programme for Research and Training in
Tropical Diseases has been planning and
implementing research aimed at the improvement of
malaria control. Part of this programme is involved
in the development or improvement of tools and
methods of the conventional type, while another part
is devoted to the exploration of innovative
approaches such as vector control through biological
agents and the control of the malaria parasite through
vaccines.' Research on immunization against malaria
has made outstanding progress over the past years, so
that there is a distinct possibility that malaria vaccines
may play a major role in malaria control in the not-
too-distant future.

CURRENT APPROACHES TO MALARIA
VACCINE DEVELOPMENT

As currently foreseen, malaria vaccines will be
based on pure parasite antigens which specifically
stimulate protective immune responses. Protective
antigens are present in several of the developmental
forms of the parasite and future vaccines may contain
antigens from one or more of these. At present, most
of the relevant research concerns P. falciparum.
The strategy for malaria vaccine development

involves the identification and characterization of
protective parasite antigens, cloning of the
corresponding genes and their expression in bacteria,
analysis of their nucleotide sequence, and deduction
of the amino acid sequence of the encoded molecule.
The protective epitope, i.e., the immunogenic
portion of the antigen molecule, may then be
produced by genetic engineering methods or by
chemical synthesis. In the attempt to identify
protective plasmodial antigens, attention has been
focused on those antigens that are exposed to the
immune system, either on the surface of the parasite
or on the membrane of the infected erythrocyte.
Vaccine targets currently envisaged are: (i) sporo-
zoites, (ii) asexual erythrocytic stages, and (iii)
gametes and other forms developing in the mosquito

e Report of the Steering Committees of the Scientific Working
Groups on Malaria, June 1980-June 1983. Unpublished document
TDR/MAL/SC-SWG (80-83)/83.3 (1983).
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Fig. 1. Life-cycle of malaria parasites and vaccine targets.

midgut. The life-cycle of Plasmodium and these
potential vaccine intervention points are shown in
Fig. 1.

These three main types of malaria vaccine now
being developed will have different effects in the
vaccinated subject and can be expected to be applied
in different population groups and epidemiological
situations. Immunity in malaria is stage-specific, so
that a sporozoite vaccine would not protect against
malaria induced by the presence of asexual
erythrocytic forms in the transfused blood. Nor
would a gamete-based vaccine protect against
sporozoite-induced infection and the subsequent
development of disease.

Malaria vaccine research is progressing rapidly at
present. The gene encoding the protective sporozoite
antigen of P. fakciparum has been cloned and the
antigen has been produced in Escherichia coli. The
immunodominant epitope has been synthesized
chemically and the possibility of producing the
antigen in vaccinia and other genetically engineered
microorganisms is being explored. Several putative
protective antigens of the asexual erythrocytic stages
of P. falciparum have been identified and the genes
coding for some of these have been cloned. Target
antigens of transmission-blocking immunity have
been identified and gene cloning is in progress. It is
therefore clear that several candidate antigens/
vaccines will be produced for evaluation before long.
Further information on recent malaria vaccine
research is available (6).b

b Asexual blood stage and transmission-blocking antigens of
Plasmodia. Report of the sixth meeting of the Scientific Working
Group on the Immunology of Malaria, 26-28 March 1984.
Unpublished document TDR/IMMAL/SWG(6)/84.3 (1984).
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ADVANCED STAGES OF DEVELOPMENT
OF MALARIA VACCINES

General considerations

Current indications are that three types of malaria
vaccine will become available for field testing and
that each will possess its own functional charac-
teristics. A sporozoite vaccine, if fully effective,
would prevent the establishment of plasmodial
development in the host and thus induce sterile
immunity. Parasitaemia, asexual or sexual, would
therefore not occur; clinical illness would not
supervene and the subject would remain incapable of
infecting mosquitos. A vaccine of this type, when
applied to human populations sufficiently widely,
should be able effectively to interrupt the natural
transmission of malaria. However, subjects effec-
tively immunized against sporozoites will remain sus-

ceptible to challenge with asexual erythrocytic stages
of the parasite and, following such challenge, e.g., by
transfusion of infected blood, would show
parasitaemia and clinical illness and would develop
gametocytaemia and become infectious to mos-
quitos. The indications for the use of sporozoite
vaccine in the framework of malaria control will
largely depend on the duration of protection. In
determining these indications, it will be important to
assess the role of natural challenge in relation to
protective immunity.
An asexual erythrocytic-stage vaccine is expected

to induce an immunity that operates by restricting the
replication of asexual blood-stage parasites without
necessarily inducing sterile immunity. Consequently
its function will be to reduce the morbidity and mor-
tality due to malaria. However, persons immunized
by this type of vaccine will remain susceptible to
sporozoite infection and the parasite's development
in the liver will occur unimpeded; low-grade asexual
parasitaemia may occur and gametocytogenesis may
evolve normally so that immunized persons would
remain capable of infecting mosquitos. It is unlikely,
therefore, that asexual blood-stage vaccines, if used
alone, will achieve the interruption of malaria trans-
mission in any endemic area. However, such vaccines
mission in any endemic area. However, such vaccines
could be used in highly susceptible groups in endemic
areas to induce a level of immunity that would
prevent serious illness following infection. The
objective would be to confer a degree of protection
equivalent to that which normally develops only after
several infections in endemic areas. Subsequent
infection might boost the vaccine-induced immune
response.
The third type of vaccine will operate by inducing

in the human host serum antibodies that effectively
block the fertilization of female by male gametes

within the mosquito gut or inactivate the fertilized
zygote or the ookinete. Such transmission-blocking
vaccines will apparently be capable of interrupting
malaria transmission at the mosquito level, but will
neither protect the human host against sporozoites,
hepatic forms and asexual blood stages, nor prevent
the development of gametocytaemia. However, they
are expected to reduce the overall rate of malaria
transmission in endemic areas and thereby play an
important role in control. Such vaccines would
probably be used in combination with a protective
vaccine against sporozoites and/or asexual
erythrocytic stages, and/or in association with other
malaria control measures.
To recapitulate, only the asexual blood-stage

vaccine seems likely to induce an immunity similar to
that acquired by populations living in highly endemic
regions where natural infection does not appear to
lead to an effective anti-sporozoite immunity or to
the development of transmission-blocking immunity.
The most appropriate target in such areas for the use
of an asexual blood-stage vaccine on its own may,
therefore, be children under four years of age, who
bear the burden of malaria morbidity and mortality.
The aim of this limited vaccine administration would
be to induce in the young child an immunity that
would eliminate serious morbidity and mortality, and
where reinfection would boost the vaccine-induced
immunity.

Both sporozoite and transmission-blocking
vaccines, which might be used with the aim of
interrupting transmission, will have to be
administered to persons of all ages in as complete a
coverage as possible to be effective. Repeated
vaccination at appropriate intervals to maintain
effective immunity would also be necessary
until interruption of transmission is achieved. Both
these vaccines may have special applications in
limiting the epidemic spread of malaria, while the
sprozoite vaccine seems to be particularly suitable for
the protection of non-immune persons (e.g., military
forces, oil exploration staff, etc.) who have to enter
endemic areas where drug-resistant parasites are
prevalent. A sporozoite vaccine could also be
used for the protection of young children in highly
endemic areas, although booster doses may be
required. Such usage could reduce natural infections
with time although the originally protected persons
will have to be revaccinated as they get older. Under
these circumstances, and if this measure seems to be
justified by the results in the young population, it
may be rational to include the rest of the population
in order to achieve a major reduction of malaria
incidence and prevalence.

Eventually, when all three vaccine types are
available, their use in combination may be desirable.
However, it must be realized that epidemiological,
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economic and logistic considerations may require the
use of single rather than multiple vaccines. These
considerations, as well as the specific requirements of
safety and efficacy assessment, will also make it
necessary for all vaccine types to be tested and
evaluated individually in field circumstances before
their use in combination is tested.
Although the present state of production of

malaria vaccines makes it difficult to formulate
precisely the conduct of preclinical, clinical and field
studies, it should be remembered that preliminary
attempts at sporozoite vaccination were made in
1971-75 using X-irradiated sporozoites of
P. falciparum and P. vivax which were inoculated by
mosquito bites into previously non-exposed human
volunteers. This bold trial, however crude by
comparison with today's remarkable advances in
immunology and molecular biology, provided the
following information:

(a) immunity to sporozoite challenge became
detectable 7-10 days after the inoculation;

(b) immunity was species- and stage-specific, but
not strain-specific, since one isolate of P. falciparum
and one of P. vivax produced protection against
strains from several continents, which is probably an
indication that antigenic variation was not significant
in regard to this mode of protection;

(c) species-specific sporozoite antibody (demon-
strated by the circumsporozoite reaction) appeared
within 10 days of immunization and persisted for 3-5
months;

(d) protection was prolonged for 2-3 months by a
relatively small booster dose of non-irradiated
sporozoites of any strain of the same species;

(e) no side-effects were observed, other than
individual idiosyncrasy to mosquito bites.

There can be little doubt that the prospects for the
forthcoming malaria vaccines are encouraging. There
are, however, some problems and impediments which
make it necessary to carry out a series of trials in man,
eventually including persons residing in areas of
natural malaria transmission. Such trials may
introduce variables that may be difficult to evaluate
and control: the artificial induction of immunity
following vaccination with known species of
plasmodial antigens may be complicated by natural
inoculations of the same and other species by wild
mosquitos, while the volunteers may possess degrees
of immunity acquired from past or concurrent
natural infections with any species, which may be
boosted by the artificial procedure. These
possibilities must be taken into account in the design
of each trial.

Malaria vaccines, like other biologicals, differ
from purely therapeutic agents in that they have been
developed primarily for the prevention of infection or

disease, or disease-associated mortality, although
they may also have potential curative actions. Such
vaccines will generally be used in people who are not
overtly ill, and frequently in young children, to
provide long-term individual and community
protection. Continuing surveillance at local, national
and international levels of the benefits and risks in the
use of these vaccines will be mandatory.

These are some of the problems confronting
persons concerned with the development of any
vaccine, including that against malaria; similar
problems face those who will approve their usage and
who will administer the new vaccine. Before human
trials can be contemplated, three conditions have to
be met. First, the need for the vaccine should be
established and its feasibility realistically assessed.
Second, the regulatory authority as well as the
principal investigator and his colleagues should be
satisfied that the preliminary laboratory and animal
tests have provided the necessary information on the
safety and efficacy of the candidate vaccine, and
a clear indication of the potential benefits to
individuals or to communities or both. Third, any
human trials should be conducted under the auspices
or with the agreement of a nationally and
internationally recognized ethical body.
The ethical principles governing all biomedical

research are applicable to research on biologicals.
However, field trials of biologicals pose special
problems that need to be considered in relation to the
contemporary ethical codes. Codes providing
guidance for the involvement of human subjects in
biological studies have been based, in principle, on
the Declaration of Helsinki, 1964, which was revised
by the 29th World Medical Assembly, Tokyo, 1975.
These codes have been amplified to include field
studies in which groups and communities are
involved.

In addition to these general guidelines, the report
of an international conference in 1976 covers specific
criteria on the design of field trials, on human
involvement in field trials, on surveillance of safety
and effectiveness, and on the development of a
biological product before marketing (7).

Preclinical studies

The primary purpose of preclinical studies of
advanced candidate experimental vaccines is to
produce information on which to base a decision on
whether to proceed with phase I clinical trials (such
preclinical studies are often referred to as phase 0). In
addition, the data obtained are frequently used to
improve or modify the experimental product and to
gain insight into the expected results in humans. For
example, some governments require submission of
data to their regulatory agencies prior to clinical
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testing of vaccines supporting the proposition that
the experimental vaccine is safe for use in man and
that it will produce functional immunity. Require-
ments depend upon the type of vaccine and method
of manufacture, but in general are based on specific
analyses and on in vitro and in vivo tests which
characterize, as far as possible, the product in terms
of content, purity, sterility, immunogenicity and
toxicity. The experimental vaccine proposed for
clinical trials should be produced in accordance with
good manufacturing practice and tested following the
guidelines published by WHO (10-12) and by
national regulatory authorities. For instance, in the
USA, the general regulations for biologicals are
applicable to vaccine products. Specific concerns
relevant to particular products should be discussed
with the appropriate government agency on a case-
by-case basis. In most of the technologically
advanced countries, laboratory tests carried out in
the course of studies on experimental vaccines and
used in support of a new vaccine application must be
done under conditions specified by good laboratory
practice. In this connection it will be appropriate to
consider the principles of the preclinical evaluation of
new inactivated vaccines (see Annex II of the full
report),c which also have a wide application to
malaria vaccines.

Type ofvaccines and manufacturing methodology.
Significant progress has been made in the develop-
ment of vaccines against human malaria during the
past two years. A large number of potential vaccines
must be considered because there are four species of
human malaria parasites (P. falciparum, P. vivax,
P. ovale, P. malariae) and four stages or phases of
the life-cycle, three of which are currently the subject
of vaccine research (sporozoite stage, asexual eryth-
rocytic stages, and sexual and related stages). This
alone gives 12 possible candidates or groups of candi-
dates. At present, it appears that potential candidate
vaccines will be prepared by recombinant-DNA
(rDNA) technology or by chemical synthesis, once a
vaccine candidate immunogen has been identified by
experimental work and suitable methods have been
developed to quantitate the antigen. Several putative
protective antigens have been expressed in
Escherichia coli and the possibility of producing
malaria vaccine antigens in live recombinant virus
(vaccinia) and other microbial carriers is being
explored.

Malaria vaccines under consideration might consist

c Principles ofmalaria vaccine trials: report ofajoint meeting of
the Scientific Working Groups on Immunology of Malaria and on
Applied Field Research in Malaria. (Unpublished document,
TDR/IMMAL-FIELDMAL/VAC/85.3) (1985). A limited number
of copies of this document are available, on request, from Office of
the Director, TDR, World Health Organization, 1211 Geneva 27,
Switzerland.

of small synthetic peptides coupled to a carrier, or
protein molecules of various sizes produced by rDNA
technology. These antigens could be formulated in
the vaccine product with or without adjuvant.
Regardless of the source or method used for the pre-
paration of the immunogen, the product must be
sufficiently well characterized and a production
system developed that will yield the antigen
reproducibly at an acceptable level of purity.
WHO has developed general requirements for

vaccine products and quality control, as well as
specific requirements for particular vaccines and
recently for products made by rDNA technology (8).
It is emphasized that specific requirements have to be
drawn up on a case-by-case basis. In addition to the
WHO requirements, many national control
authorities have developed their own requirements
and/or consultative documents.

Characterization of immunogen. The immunogen
can be characterized by three distinct methods:

(a) physicochemical methods, e.g., amino-acid
sequencing, polyacrylamide-gel electrophoresis,
high-performance liquid chromatography;

(b) immunological tests, e.g., epitope analysis
with antimalaria monoclonal antibodies;

(c) biological tests, e.g., tests for humoral or cell-
mediated immunity with the object of establishing a
correlation with protective immunity.
These tests also serve to establish consistency

between production lots. It is recommended that the
primary amino-acid sequence of the malaria antigen
in a vaccine should be compared for sequence
homology with human proteins for which the
primary amino-acid sequences are known, using a
suitable computer data base and program.

Tests for contaminants. A number of con-
taminating materials may be present in vaccines (for
example, proteins, carbohydrates, lipids and nucleic
acids) as well as biologically active materials such as
pyrogens and microbial contaminants. Methods to
test for these contaminants have been established and
are referred to in earlier WHO publications (9, 10).

Other vaccine components. All vaccine com-
ponents must be sufficiently well characterized.
Additives designed to increase immunogenicity, such
as adjuvants and carriers, require special attention,
as described below.

(1) Adjuvants. Adjuvants will probably be
required to elicit protective immune responses using
malaria parasite antigens. The only adjuvants gener-
ally accepted for use in man at present are aluminium
salts. As a rule, these elicit humoral rather than cell-
mediated immune responses. With some malaria
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parasite antigens, protection against parasite
challenge in animal models has only been elicited
using Freund's complete adjuvant. This would be
unacceptable in practice and an adjuvant formula-
tion eliciting good cell-mediated and humoral
responses and protection but without undesirable
side-effects needs to be developed. The principal
unacceptable side-effects to be avoided are granulo-
matous or other reactions at the injection site, fever,
arthritis, anterior uveitis, and autoimmune and
carcinogenic consequences.

(2) Carriers. To elicit immune responses to
peptides and other small molecules, coupling to a
carrier is usually required. For many practical
purposes, coupling to an immunogenic protein, for
example a bacterial toxoid, may be sufficient. For
vaccine standardization purposes, the nature of the
coupling reagent and the molar ratio of antigen
to carrier should be specified. Fusion proteins
associated with parasite proteins produced by rDNA
technology may also act as carriers. The possible use
of non-immunogenic carriers, such as fatty acids, is
being explored. Efficacy would be judged by induc-
tion of efficient immune responses against parasite
determinants. Safety would be assessed according to
conventional rules. The development of hypersensi-
tivity to fusion proteins should be considered as an
undesirable side-effect.

Safety testing. The following should be taken into
consideration.

(1) Toxicity tests in animals. Specific animal tests
that might be appropriate are best considered on a
case-by-case basis. While inactivated vaccines need a
relatively limited range of investigations, extensive
animal tests, which might include those for carcino-
genicity, teratogenicity, and effects on fertility, may
be necessary for a live vaccine or for components of a
vaccine that have not previously been used in man.

(2) Potency and stability. Tests for immunological
potency of the vaccines and stability under the
conditions of storage to be used during vaccine trials
should be established.

(3) Immunopathology. Since human malaria can
produce immunopathological complications, poten-
tial immunological side-effects of malaria vaccines
should be investigated at all phases of the vaccine
trials. The possibility that active immunization with a
given malaria antigen may either induce an auto-
immune response or increase the pathological ex-
pression of malaria in naturally infected individuals
should be considered during all phases of vaccine
development.
At the initial stage of safety testing, the cross-

reactivity between major epitopes of the candidate
vaccine and human tissue antigens may be analysed,
using specific antibodies that react with major

vaccine epitopes and that could indicate binding to
human tissue antigens, by:
-immunofluorescence on appropriate human

tissue sections and on peripheral lymphocytes;
-agglutination or radioimmunoassay on human

red blood cells of different blood groups and human
platelets;
- cytotoxicity assays on cell panels for anti-human

leukocyte antigen (anti-HLA) antibodies.
Efficacy testing. Adequate test systems for

measuring immunity have a major role in vaccine
assessment. As the objective of vaccination is the
induction of protective immunity, an efficacy test
should also reflect protective immunity rather than
an immune response in general. Most available assay
systems do not directly reflect immune protection.
However, testing for humoral or cellular immune
responses will provide important information on the
immunogenicity of a vaccine. These tests will also
give indirect information on the possible protective
value of a vaccine and perhaps on its mechanism of
action when the test results are correlated with other
parasitological, clinical, and epidemiological data
included in a vaccine trial.
Appropriate systems for efficacy testing are

considered in Annex III of the full report.d

Clinical and field trials of malaria vaccines
The overall objectives of malaria vaccine trials are

the assessment of the safety, tolerability, and efficacy
of the vaccines in individuals of different ages, ethnic
or geographical origins, and malaria experience, as
well as the determination of optimum conditions for
the induction and maintenance of functional
immunity. Furthermore, the epidemiological impact
of immunization against malaria should be
determined, including assessment of the acceptability
of and compliance with immunization procedures in
communities or population groups at risk.

In the assessment of malaria vaccine safety in
human subjects the experience with antibacterial and
antiviral vaccines may be useful; this is summarized
in Annex IV of the full report.d Moreover, since
malaria vaccines may be based on antigens obtained
through rDNA technology in association with
adjuvants and carriers, and as potential vaccine-
induced immunopathological phenomena constitute
a risk in this case, the safety of such candidate
malaria vaccines requires particular attention.

Definition of phases. Although these above-
mentioned objectives will require numerous studies
interrelated to each other in a complex manner, it
may be helpful to define the major phases of testing

d See footnote c.
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according to the sequence generally employed for
clinical and field trials of vaccines and drugs. Such
development is by its very nature a continuous
process, but four phases are defined below; their
nature and relationship are shown in the flow chart
(Fig. 2).

(1) Phase I. Trials, initially carried out on healthy
adult male non-immune volunteers, will take place
under close medical scrutiny in areas where malaria is
not endemic. Their objective will be to assess the local
and systemic tolerability and immune responses of
human subjects to a malaria antigen that has been
shown to be safe and immunogenic during preclinical
(phase 0) studies. The test vaccine will be admin-
istered to determine the optimal dosage schedules for
phase II trials. The trials may also include
comparison with a carrier (if included in the
vaccine(s)) and with a placebo, and will be double-
blinded whenever feasible. The conduct of such trials
should comply with local/national regulations where
they exist. Following acceptable results of safety and
tolerance studies in healthy non-immune volunteers,
phase I trials may be extended to non-malarious or
infected, oligosymptomatic volunteers in the target
populations in different ethnic groups, as well as in
special groups.
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Fig. 2. Advanced stages of malaria vaccine development.

(2) Phase II. The aim of the phase II trial is to
demonstrate that a malaria vaccine produces pro-
tective immunity, as well as to continue to monitor its
safety, tolerability, and acceptability. Initially this
may be assessed by experimental challenge (phase
Ha), which can only be undertaken in special centres
where it is legally accepted. The prerequisite for
initiating phase II trials should be the demonstration
(by phase I trials) of adequate safety, tolerability, and
acceptability; some demonstration of the induction
of functional immunity will also have been obtained
from preclinical (phase 0) or extended phase I studies.
Phase Ilb studies will be extended to population
groups exposed to natural challenge and may not
necessarily be carried out in an institute. There may,
therefore, be some overlap between phase Ilb and
phase III (see below) since phase lIb trials will have to
take into consideration the challenge by natural
infection under a variety of epidemiological
conditions.

(3) Phase III. The major emphasis of these trials
will be placed on vaccine efficacy; acceptability,
safety and tolerability will also be monitored,
although in less detail than in phases I or II. Phase III
trials will generally be open trials carried out in a
target population under natural challenge and may
also provide an opportunity to study the impact of
the vaccine(s) on the community. Initially they may
be small-scale pilot studies before reaching field trial
proportions. Such trials should also be carried out
in areas of differing malaria endemicity and
transmission.

(4) Phase IV. This phase, which follows
registration of the vaccine(s), will be largely devoted
to the monitoring of their safety and efficacy and of
their impact on the epidemiological situation, with
a view to optimizing the strategies for vaccine
deployment.

General considerations. The performance of
clinical and field trials of malaria vaccines differs in
some aspects from the performance of trials of other
vaccines. In this context it may be useful to consider
recent experience of the conduct of trials with
antimalarial drugs (see Annex V of the full report).e

(1) Ethical aspects. It is most important that all
trials should be conducted in accordance with the
principles laid down by the World Medical Assembly
of 1975 on ethics and human experimentation. The
ethical aspect of vaccine trials will be paramount.
Informed consent of volunteers must be obtained in
every case during phase I-III trials. This means that
the information should be given to the volunteer in
writing or verbally after translation into a language

e See footnote c.
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and form that are well understood by each person
concerned. In trials involving infants or children,
informed consent should be obtained from relatives
in accordance with national legislation.
Each trial protocol should be agreed upon or

prepared by the principal investigator involved,
signed by him, and approved by a local/national
ethical committee. The safety of the volunteers in the
trial is the primary consideration of the ethical
committee in approving the study and of the principal
investigator in carrying it out. However, scientific
aspects and the chance of acquiring useful knowledge
from a new project must also be considered before it
is approved.

(2) Monitoring of trials. A clinical trial monitor
should be appointed to each trial in order to assist the
principal investigator in carrying out the planned
studies according to the agreed protocol. Such a
monitor, if appointed to cover several trials or trial
centres, will assist in the coordination of the trials and
in the comparison of data from each trial. The
monitor should be available constantly, so that he can
be contacted by the principal investigator to discuss
any problem or to approve minor alterations in the
protocol as required. The monitor would also play a
key role in the operation of a system for reporting
major adverse reactions, should they occur, and
should have the power to suspend or terminate a trial
if necessary.
The appointment of an independent ombudsman

to each trial to look after the interests and welfare of
the patients should be considered. Such a person
should be an experienced clinician and independent
of the study or its organization.

(3) Baseline data. In order to evaluate the vaccines,
it will be essential to obtain baseline haematological,
biochemical, parasitological and immunological data
from all subjects to be studied, and from the relevant
populations. These data should be available before
the trials start. A serum bank should be established
for collection and storage of samples to facilitate
retrospective comparisons.

Since malaria and other febrile diseases are
associated with headache, nausea, vomiting, dizzi-
ness, etc., it may sometimes be difficult to distinguish
between disease-related and vaccine-induced side-
effects. Differences may also be observed between
hospital/institution-based studies and those conduc-
ted in the field with non-institutionalized volunteers.
Therefore baseline information on symptomatology
should be obtained and noted on appropriate
questionnaires.

(4) Planning, performance and evaluation. The
planning of the vaccine trial will be based on the
prescribed technical documentation issued for the

trial vaccine(s). The protocol for the trial should
specify clearly the objectives, the target group
(together with all inclusion and exclusion criteria) and
the investigations to be carried out, along with their
timing. It should contain a description of the facilities
available, of the staff and their responsibilities, as
well as of the arrangements for recording and
evaluating data. When agreed upon, the protocol
should be signed by the principal investigator, the
administrative authority of the institution concerned,
and the independent trial monitor. The signed
protocol should then be submitted for ethical
clearance. The investigations must be performed in
strict accordance with this protocol unless
modifications are agreed upon with the monitor.
Laboratory methods should be standardized prior to
the trial and the appropriate instruments and
equipment calibrated at the beginning and at
appropriate intervals during the trial to ensure proper
performance of all tests. The utmost care should be
taken with the correct and timely completion of all
record forms. Upon completion of the study and the
recording of all data, the volunteers' record forms
should be signed by the investigator and forwarded
for evaluation, if this is not to be performed at the
trial centre. Great care should be taken to safeguard
all trial records at each centre.
Although the phase I trials may be conducted with

relatively small groups, the amount of individual data
in these and subsequent trials will be such that
computer storage and analysis of data will be
required. Computer processing will be facilitated by
the use of precoded record sheets which should be
developed on the basis of the trial protocol.

Since malaria vaccine trials may be performed over
a long time period (for the detection of late secondary
effects and the assessment of the duration of
functional immunity), it may be appropriate to adopt
a staged evaluation in order to avoid any delay in the
analysis of early observations (e.g., vaccine
reactions). This would not entail the breaking of the
code in double-blind trials if record transcripts
(photocopies) are used for data processing and if the
data analysis is not carried out at the trial centre.

(5) Appearance of parasitaemia during trials.
Episodes of parasitaemia stemming from infection
with heterologous species of parasites may develop in
vaccinated persons during trials in endemic areas.
Only the clear demonstration of homologous
parasitaemia in previously uninfected persons is
indicative of vaccine failure. The possibility of
vaccine failure due to antigenic diversity may also be
considered. Thus (and wherever possible), blood
samples should be taken during each episode of
parasitaemia and the parasites' antigenic charac-
teristics determined. The same would apply to the
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asexual erythrocytic-stage vaccine if it induces
complete immunity to these stages, or with regard to
heavy parasitaemia when the effect of the vaccine is
only suppressive.

(6) Vaccine type and phasing. It is evident that
sporozoite and asexual erythrocytic-stage vaccines
will have to pass through phases I, II, III and IV;
however, studies under challenge in phases II and III
are irrelevant to the development of transmission-
blocking vaccines, the efficacy of which can only be
studied in phase IV trials. Transmission-blocking
vaccines should therefore be submitted to exhaustive
phase I studies in order to provide adequate evidence
of tolerability, safety, immunogenicity, and func-
tional immunity in all target groups for registration
of the vaccine(s). These would then pass directly to
phase IV trials in which vaccine impact would be the
major criterion.

Phase I malaria vaccine trials

Phase I trials are concerned with an evaluation of
the safety and immunogenicity of candidate vaccines.
In the case of malaria, a wide variety of possible
approaches involving different parasite species and
stages or different types of vaccines are being
considered. The following pertains to P. falciparum
only and is restricted to non-living vaccines;
sporozoite, asexual erythrocytic, and transmission-
blocking or gamete-related vaccines are examples
currently being considered. Obviously other species
of parasites will be important targets for future
developmental efforts.
While phase I trials are not designed to assess the

efficacy of the candidate vaccine, their evaluation
will allow the appraisal of potential constraints and
advantages in its use. Relevant factors include:
acceptability of the vaccine by target populations;
immunogenicity (profile and kinetics of the immune
response); provision of sufficient information to
initiate phase II trials.

Conduct ofphase I trials. The following matters
should be taken into consideration.

(a) Objectives. The primary objective of the initial
phase I study in man of a candidate malaria vaccine,
containing either a single malarial antigen or a
combination of antigens, should be to evaluate both
objectively and subjectively the local and systemic
effects which follow its administration. A secondary
objective should be to determine the immune
responses elicited by the vaccine. Different formu-
lations, dosages and their intervals, and routes of
administration may be compared. Another objective
of the phase I study may be to compare the safety and
immunogenicity in persons with and without

previous exposure to malaria.
For practical purposes, phase I trials are denoted

as Ia if they involve non-target, non-immune
individuals in non-malarious areas, and lb if they
involve persons from the potential target population
in malarious areas.

(b) Relation to other phases. Phase I trials will
have to be planned and prepared during the early
preclinical phase 0 and initiated after the completion
of the investigational new vaccine (INV) application
(see below), or equivalent, and the "new vaccine
document" (a document summarizing important
preclinical data). They will have to be continued,
mainly in endemic areas, until the end of phase II.
The flow chart (see Fig. 3 in the full report)f indicates
the steps that are foreseen.

(c) Immunological tests. At least one laboratory
will be responsible for specific immunological tests
and will correlate in vitro evidence of protective or
functional immunity, cross-reactivity with other
malaria species or developmental stages as well as
immunopathological and other immune responses to
the components of the vaccine. Some aspects of the
cellular immune response will have to be investigated
locally; the serum can be stored and transported. For
each test, aliquots of serum will be kept frozen. As
the pre-vaccination serum will have to be compared in
all subsequent tests, an adequate number of aliquots
will be stored prior to the vaccination of volunteers.
Similar arrangements may be required in regard to
the storage, transport and processing of leukocytes.
Phase I protocols. Individual protocols will be

prepared for each specific study. They are to provide
concise information on the vaccine to be employed,
the objectives of the study, details of the trial
population and directives related to all investi-
gational activities. The protocol, signed by the
principal investigator and the trial monitor, needs to
be approved by an ethical committee and to meet
national regulations governing such trials.

Liaison with regulatory agencies. The conduct of
trials with experimental vaccines in man generally
requires that an investigational new vaccine or drug
(INV/IND) exemption or equivalent be obtained
from the national control authorities. This means
that a completed INV application should be sub-
mitted to the appropriate agency before phase I
studies begin. Preliminary discussions with the
regulatory agencies before submission of the
necessary documents may facilitate the completion of
the application. The application should include
detailed information on vaccine manufacture; com-
position; preclinical studies; proposed clinical

f See footnote c.
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protocols including a description of the subjects to
receive the vaccine and the parameters to be
evaluated; a description of the facilities; qualifi-
cations of the clinical investigators; consent forms;
and details of appropriate institutional and ethical
reviews.

Special considerations related to vaccine type.
Evaluation of the immunogenicity of the vaccine
through in vitro tests reflecting functional immunity
will differ in the three different types of vaccines.
Specific assays such as those described in Annex III,
section 1.2, will be required. The availability of a
specialized laboratory capable of performing these
special assays is a critical factor in a successful phase I
study.

Sitesfor phase I trials. These may be non-endemic
or endemic areas.

(a) Non-endemic areas. The first phase I testing of
malaria vaccines should be done in healthy volunteers
with no previous malaria experience. This is most
feasible in a non-endemic area. Later studies in
endemic areas could consider ethnic and genetic
influences. Sites most suitable for the studies are
those with experience in vaccine development,
clinical pharmacology and phase I vaccine or drug
studies. Most important, perhaps, is access to
cooperative and understanding volunteers with the
flexibility to participate fully in the study. Services of
trained and experienced clinicians, clinical laboratory
personnel, immunologists, malariologists, vaccine
developers, statisticians and, if so indicated,
entomologists will be required. Results of phase Ia
testing on healthy non-immune individuals will serve
as the basis for additional phase Ib testing in endemic
areas on those more closely related to the ultimate
main target population for the use of malaria
vaccines.

(b) Endemic areas. Phase I malaria vaccine trials in
endemic countries are to include a variety of trial
populations/target groups. Since the trials are
essentially carried out without challenge, the intensity
of local malaria transmission during the observation
period should be minimal. In selecting the site for a
vaccine trial centre consideration should also be given
to the motivation of the trial population in
accepting/demanding the vaccine. There are specific
aspects of site selection that should be considered
when contemplating phase I trials:

(i) The phase I vaccine trial centre should be
situated in an area/country/population with a strong
motivation for the eventual use of the specific type of
vaccine in malaria control, e.g., areas/countries with
active malaria control programmes and possibly
afflicted by major technical problems such as drug

resistance of malaria parasites, insecticide resistance
of vectors, exophily of vectors, and/or population
movements. Similarly, areas/countries with a
substantial and evident interest in future malaria
control could be considered for the establishment of a
vaccine trial centre.

(ii) Placing a phase I trial in an area/country where
malaria control is impeded by major political,
administrative or infrastructural constraints or
problems in logistics, or in an area with political
instability would be unwise, since the same type of
constraints should also be expected to affect the
performance of the trial.

(iii) The establishment of a vaccine trial centre is a
complex undertaking and requires the creation of a
viable and efficient infrastructure. It should not be
undertaken if there are a priori justified doubts as to
the feasibility of creating and maintaining such an
infrastructure.

Facilitiesforphase I trials. Phase I malaria vaccine
trials require well-developed facilities for clinical and
laboratory investigations and the capability of
following up trial subjects over relatively long
periods. The broad term "facilities" includes
adequately trained, experienced manpower, physical
facilities and good communications.
The staff of the vaccine trial centre should have

expertise in the clinical and laboratory studies to be
undertaken there. Administrative and technical staff
should also be well qualified and support structures
should be adequate. The vaccine trial centre may also
require the services of a social worker.
The physical facilities required include suitable

premises and equipment for clinical and laboratory
studies, a reliable and stable electricity supply,
adequate water supply, and appropriate transport
and facilities for the extramural follow-up of trial
subjects.
The logistics must be efficient, with particular

emphasis on: postal, telephone and telex/telegraphic
communications; easy clearance by customs of
supplies from abroad; conveyance of records and of
biological samples for laboratory quality control;
access of the trial monitor to the site, premises and
records; and post-institutional follow-up of trial
subjects.

It is realized that the establishment of vaccine trial
centres in malaria endemic countries is a substantial
task that will often require the development of staff
resources and physical facilities.

Conclusionsforphase I trials. The development of
an effective antimalaria vaccine requires new
approaches and methods and offers a degree of
complexity not often encountered in the prevention
of infectious diseases.
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The success of the phase I activities will be the
validation of a candidate malaria vaccine (comprising
one or more antigens in a suitable formulation) which
is well tolerated, both locally and systemically, in the
human target population. This will allow initiation of
phase II trials. However, (extended) phase I studies
will continue for other target population groups.

Phase I studies should also give indications as to
the type of immune response, the different doses and
dose intervals administered so as to determine
optimum vaccination schedules and the best kinetics
of induced immunity. They are also expected to
provide conclusive information on vaccine tolerance,
safety, and immunogenicity as related to age and
previous or current malaria experience of the trial
volunteers.

Phase II malaria vaccine trials

As pointed out above (under "definition of
phases"), phase II aims at demonstrating the
protective immune response elicited by the malaria
vaccine as well as continuing to indicate its degree of
safety and acceptability. Thus these trials will
constitute a bridge between phase I and the
commencement of field trials. Naturally the vaccine
trial centres for the phase II studies will be expected to
keep in close touch with the institutions involved in
the phase I studies (if they are not identical) and to
play a major role in the planning and conduct of
phase III operations.

Phase II is an important period for the assessment
of vaccine safety and efficacy in persons with
different malaria experiences in whom age-specific
protection/functional immunity is assessed and in
whom practical vaccine dosages and schedules are
defined and conditions for vaccination determined.

Objectives. The efficacy of sporozoite and asexual
blood-stage vaccines, although already assessed by in
vitro systems during phase I, will now also be
determined according to the ability of participating
subjects to resist an infection with the homologous
parasite species. This may be done either by an
experimental challenge (in non-pregnant adults only)
as in phase lIa trials or by natural challenge under
field conditions as in phase IIb.

In phase Ila, vaccination (and one or two boosters
at the optimal time based on phase I experience) will
be followed by exposure to an experimental challenge
that would produce an infection in unprotected
control subjects. The challenge would be effected
when antibody titres and/or functional immunity are
expected to be at their highest level. The challenge
may act as a potential booster and the immunological
parameters will have to be monitored as carefully as
during phase I. These trials may also be instrumental

in assessing the duration of functional immunity
following primary immunization and in redetermin-
ing the best timing for booster vaccination.
These studies can only be undertaken in special

centres where such challenge is currently undertaken
and, of course, legally accepted. They generally last
longer than those in phase I. Readmission to insti-
tutional studies after prolonged periods of outside
residence may be considered in order to repeat the
experimental challenge or vaccination of volunteers.

Phase IIa studies with challenge infection may also
be carried out in adult male volunteers from
malarious areas, e.g., if the frequency of natural
challenge is inadequate for obtaining unequivocal
results for phase IIb within an acceptable time-
span.

In phase Ilb, the studies will be extended to
population groups exposed to natural challenge; thus
different lines of study may be pursued during this
phase, as for example observations in healthy male
adults from non-malarious areas and without
previous malaria experience. After initial im-
munization and confirmation of vaccine safety and a
laboratory assessment of functional, induced
immunity, the volunteers may be exposed to natural
challenge. If protection has been induced, the
duration of protection/functional immunity can be
determined both in the absence and in the presence of
challenge. Post-booster observations follow the same
lines. Parallel or consecutive studies among adults
from target populations will be undertaken, in
separate groups, according to the following
categories of malaria experience: without past or
current malaria experience; with past malaria
experience but without current infection; with
current oligosymptomatic infection; vaccinated after
treatment; vaccinated without treatment.

Recruitment for these trials will therefore reflect a
variety of earlier and current malaria experiences,
which will need to be determined carefully in each
individual case in order to arrive at a meaningful
evaluation.

After institutional observation for safety and the
assessment of subsequent post-vaccination func-
tional immunity, the volunteers are usually exposed
to an environment with malaria transmission (usually
their habitual one) and thus with natural challenge.
Follow-up after leaving the institution will evaluate
the long-term safety of the vaccine and the duration
of functional immunity (double-blind studies with
placebo) under natural challenge.
A special group may be constituted of non-

immunes who, after vaccination, are exposed to
natural challenge. Such opportunities for trial
variants with non-immunes exist in military and
police forces or in labour forces in construction
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camps if adequate facilities can be made available.
When appropriate, phase II studies will also be

carried out in adolescents and children over five years
of age. Specific phase I studies will be needed
beforehand to define the tolerability and immune
response in young children and in pregnant women.
Whether or not other types of phase II trials will be
desirable in these groups will depend on the results of
efficacy studies in other groups.

Planning, performance and evaluation. The
planning of phase II vaccine trials essentially follows
the guidelines for phase I trials given above, but in
addition includes specific provisions for coping with
challenge infections, and for rapid diagnosis and
treatment of possible overt malaria infections among
the volunteers. Again the INV and the updated
vaccine brochure are essential documents for the
development of the trial protocol. The planning and
design of phase Ilb trials are likely to be influenced by
the degree and seasonality of endemic malaria
prevalent in the trial area. It is envisaged that trials
will be carried out concurrently in different countries
and in different endemic situations.
Parameters to be assessed. The clinical and

laboratory parameters relevant to phase II trials are
practically identical with those of phase I, but need
to be complemented by intensive parasitological
observation following experimental challenge and
during exposure to natural infection.
The malaria immune profile of all volunteers must

be determined before vaccination and regularly
monitored following vaccination and challenge and
during exposure to natural infection. In addition,
longitudinal observations should be made to detect
delayed adverse effects. While trials involving
artificial challenge imply a known type (in the non-
immune) of infective event, it may be quite difficult
to determine the intensity of natural challenge, but a
suitably planned double-blind trial (vaccine as
compared to placebo) may provide appropriate
indications as long as the level of naturally acquired
protective immunity does not interfere unduly with
the evaluation of the specific type and effect of
vaccine.

Trial site and requiredfacilities. In selecting the site
for phase Ilb malaria vaccine trials with possible
natural challenge, it will be important to have a
precise idea of the risk of infection in the place of
residence of the volunteers, and to relate it to group
size as well as to duration and season of follow-up in
order to determine whether meaningful results can be
expected from studies there.

Prospective vaccine trial centres should be able to
organize and undertake entomological investigations
on local vector species, including recording their

behaviour relevant to malaria transmission.
Information on the frequency with which these
vectors transmit the prevalent plasmodial species
during the different seasons will be of great
importance. Centres should, therefore, consider how
some of the new techniques to detect, identify and
quantify sporozoite loads in mosquitos can best be
applied to local circumstances and, in addition,
should carry out field survey studies in areas of
potential interest as trial sites to determine the
dynamics and current prevalence of parasitaemia and
seroepidemiological indices.

Phase II trials will also be expected to include
standardization of the storage conditions of
biological samples and vaccines as well as methods of
transport. Assessment of the storage life of vaccines
will also continue in phase III.

In addition to all the facilities needed for phase I
work, the phase Ila trial centres involved in challenge
studies need to provide continuous diagnostic
services and medical care for the diagnosis and
management of malaria. Similarly, phase Ilb trial
centres in malarious areas need to provide adequate
treatment facilities. All phase II trial centres must be
equipped for the emergency treatment of severe and
complicated malaria, and the range of antimalarial
drugs available for treatment must correspond to the
local drug sensitivity situation so as to ensure radical
cure in all cases of breakthrough (challenge studies
must employ P. falciparum isolates/clones of high
sensitivity to one or more of the standard
antimalarials available on site).

Phase II trial centres also need to be able to cope
adequately with data recording and follow-up of
volunteers after they have left the institution. This is a
major task that requires substantial clinical and
administrative back-up.

Phase III malaria vaccine trials

Phase III malaria vaccine trials are conducted in
malarious areas within the natural setting of
communities exposed to the disease. They are a
logical extension of the phase II studies, provided
that these have demonstrated the efficacy, safety,
tolerability and acceptability of the vaccine. Phase III
malaria vaccine trials are still focused on the
individual -in contrast to phase IV trials where the
main objectives are the assessment of the epidemio-
logical impact of the vaccine(s), determination
of the strategies for its deployment in malaria
control, and the monitoring of safety and
acceptability.

It is realized, of course, that phase III trials are
only applicable to sporozoite and asexual blood-stage
vaccines and not to transmission-blocking vaccines.
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These last do not confer individual protection against
infection, which is the most important element in the
evaluation of phase III trials.

Objectives. The primary objective of phase III
trials is the study of the efficacy, immunogenicity,
safety, tolerability and acceptability of a malaria
vaccine (single or multiple antigens) in population
groups within their normal, malarious environment.
Phase III studies are carried out in population groups
larger than those in phase II trials and are generally
performed according to a much simpler protocol than
that used in phase II, since the experience gathered
during phases I and II should serve to identify the key
parameters. Phase III experience coupled with the
results of phases I and II is expected to provide the
data required for the registration of the new vaccine
by the appropriate regulatory authority (NDA/NVA
= New Drug/Vaccine Application). Although a new
vaccine registration can, in principle, be restricted
with regard to the persons in whom the new vaccine
can be used, it would be preferable if the results of
phase III studies would permit a registration
authorizing the coverage of all major target groups
who would ultimately require protection by the
vaccine.

Phase III trials should also confirm vaccine dosage
schedules, according to age groups and previous
malaria experience. Since phase III trials are the
bridge from clinical (phases I and II) trials to wider
field studies (phase IV), they are subject to wide
variation as regards specific objectives and target
population groups, and also as regards comparison
with other methods of individual protection, degree
and timing of natural exposure to infection, and
intensity of post-vaccination follow-up. Phase III
trials are meant to provide all information required to
permit, eventually, full-coverage field trials in phase
IV.

Planning. Protocol development will follow the
same general pattern as that set out above (see phase I
protocols) since the principles of phase I trials also
apply to phase II studies as far as product
information, vaccine handling and storage, vaccine
administration, prevaccination examinations and
follow-up, laboratory operation, recording, ethical
considerations, monitoring of the studies, and liaison
with regulatory agencies (see page 193) are con-
cerned. However, there are some aspects specific to
phase III:

(a) Timing. Phase III studies are undertaken after
phase II trials have provided evidence of efficacy and
safety. As in phase II, phase III trials are often
staged, e.g., when clinical trials have demonstrated
vaccine safety and efficacy in adult and juvenile
males, phase III trials may be implemented in these

groups, while studies in other age groups may still be
only in phase II (or even I). In the timing of
vaccination, special consideration may have to be
given to the periodicity of transmission (natural
challenge).

(b) Vaccine formulation. Vaccine formulations
used in phase III trials should already have been
tested in phases I and II. It is not permissible to
introduce modified vaccines straight into phase III
without having tested them in phases I and II. The
product information in the phase III protocol should
provide a succinct summary of the phase II
performance of the formulation to be tested. Phase
III is based on the administration of the finalized
pharmaceutical preparation.

(c) Study design. The design of phase III malaria
vaccine trials is fairly flexible and will depend on the
precise objectives of the study, the subjects included,
the type of vaccine used, and the intensity of
observation practicable in the project site.
As in phase II studies it is usual to start phase III

trials with adult males and proceed gradually to the
lower age groups and to non-pregnant females of
child-bearing age.

Double-blind study design with vaccine as
compared to placebo is the normal procedure in
groups and conditions where such a procedure does
not constitute an undue risk for the population
involved in the trial; for instance, there is little risk in
conducting such a double-blind trial in male adults
and juveniles in areas with highly stable malaria and
intensive transmission. In specific, particularly
vulnerable groups the risk of placebo use may not be
acceptable (e.g., children below three years and
pregnant women -both groups could be included
after extended phase I trials). Such trials can be
rendered relatively safe by the use of chemo-
prophylaxis while maintaining the double-blind
design.
Some phase III trials lend themselves to

comparisons between the trial vaccine and other
forms of individual protection, or between different
formulations or types of vaccines. Other phase III
trials, especially relatively late ones, may involve
major feasibility and acceptability studies, striving at
the adequate coverage of whole communities.

(d) Trial population and area. Phase III trials are
usually carried out in areas with populations in whom
one would eventually contemplate the routine use of
the (candidate) vaccine being tested. It should be
emphasized that phase III trials are conducted with
the final pharmaceutical formulation, i.e., a very
advanced vaccine in the last pre-registration stage.

Since the phase III studies have to provide a
validation of the vaccine and furnish all the elements

197



MEMORANDUM

needed for its subsequent safe operational use, they
have to cover all major population groups, especially
those recognized as specific target groups for
protection (e.g., children under five years old in
hyper- or holoendemic areas with intensive malaria
transmission).

Besides considerations of age, sex and pregnancy,
attention should also be given to previous or current
malaria experience. By the time phase III trials are
undertaken, it can be expected that phase II studies
will have provided information on the vaccine
response in relation to past or current malaria
infection, and on the potential need for administering
antimalarial treatment prior to or in association with
vaccination. Phase III trial protocols are to be
developed accordingly.
The phase III setting in the natural, malarious

environment will be particularly suitable for studying
vaccine-induced immunity and its dynamics and the
correlation of induced immunity with natural
challenge. Thus, it may be expected that phase III
studies will also assess the optimum timing of
vaccination in relation to the local epidemiological
situation.
While malaria vaccines will have to be studied in

phase III trials in a variety of major ethnic groups in
malarious areas and under different epidemiological
conditions, it is also conceivable that previously non-
immune persons may become suitable for inclusion in
trial groups when they proceed to malarious areas
(e.g., construction workers, etc.).

(e) Pretrial examination and follow-up. All
subjects entering a phase III trial have to be examined
before their inclusion in the trial and at set times
during and after vaccination. The parameters to be
used will have been determined at the end of the phase
II trials. Phase III will usually employ a few essential
parameters designed to monitor the efficacy and
safety of the vaccine and, to some extent, to
demonstrate eventual, indirect beneficial effects of
vaccination (e.g., increases in haemoglobin levels).

Specific groups within phase III trials may be
submitted to a more intensive observation/
examination schedule according to the specific
objectives of the study and the target group
concerned.
The duration of follow-up in phase III trials

depends on the objectives of the study, the target
group concerned, and the local - epidemiological
circumstances. In previously non-immune persons
visiting a malarious area for a few weeks or months
only, it may suffice to study safety and tolerability of
the vaccine and its efficacy over the time of exposure
and for a relatively short period thereafter.

In naturally exposed groups residing in areas with
seasonal malaria transmission it may be necessary to

assess vaccine efficacy through the transmission
period, to observe the immune profiles throughout
the non-transmission interval, and to continue the
observation of efficacy in the following transmission
period(s) in the absence of vaccine boosters.

In naturally exposed groups residing in areas with
perennial malaria transmission, the longitudinal
study should consolidate information on the duration
of vaccine-induced protection (against infection or
morbidity) and its correlation with the intensity/
frequency of parasite challenge.
Apart from the examinations required for the

evaluation of safety and efficacy of the vaccine, it will
be necessary to make provisions for the speedy
detection and treatment of malaria cases in the trial
area, in order to avoid severe morbidity and
mortality. Such surveillance will also help in the
eventual detection of vaccine failures and thus be an
essential instrument for monitoring vaccine response
and efficacy.

(f) Monitoring of trials. Like earlier phases,
phase III trials also require independent monitoring
by a trial monitor (see section above, p. 192).

(g) Adverse effects. Phase III trials cover a much
larger population than phases I and II together. Thus,
adverse effects of moderate or low frequency are
more likely to be detected in phase III and the
observations will have to be directed towards their
discovery. For example, extensive urine testing may
permit the detection of incipient renal immuno-
pathological manifestations.

(h) Sites and facilities. Phase III malaria vaccine
trials are to be carried out in endemic areas (with the
possible exception of some previously non-immune
groups in which the pre-exposure and post-exposure
observations may be carried out in a non-malarious
area).
The major target groups of phase III trials are

resident populations exposed to malaria risk,
preferably in areas where the ultimate use of vaccines
for malaria control is envisaged and where the
inhabitants have a strong motivation to accept
vaccination. It will be necessary to conduct phase III
trials in prototype areas for all major epidemiological
conditions in which the particular vaccine may be
used later. An adequate epidemiological documen-
tation of the trial area is an indispensable condition
for the implementation of such studies.
The setting of a phase III trial in a malarious

(usually rural or periurban) area does not mean that it
can be handled through a system of occasional visits
or by proxy. Although the number of parameters to
be observed in each individual is less than in phase II,
the large number of individuals to be observed will
eventually produce a quantity of data not less than

198



PRINCIPLES OF MALARIA VACCINE TRIALS

that of phase II. The malaria risk to which the
population may be exposed during the trial calls for
specific provisions for the diagnosis and treatment of
malaria.
Thus the necessary physical facilities will have to be

established in or very close to the trial area (with a
resident principal investigator). Diagnostic and
medical facilities should be available around the
clock. Laboratory services, though less sophisticated
than those for phase II because they are mainly
concerned with blood microscopy, simple haemato-
logical techniques and urinalysis, need to be efficient
and up-to-date. The highly skilled technical services
will require a competent support structure including,
if so indicated, social workers.

(i) Development ofphase IIIfacilities. At present
few areas or countries meet the essential conditions
for establishing phase III trials, i.e., the availability
of adequate epidemiological information on pro-
spective trial areas, and the availability of
experienced staff for such trials. It will therefore be
necessary to develop such facilities through appro-
priate training of personnel and the implementation
of study projects on the epidemiology of malaria
which, in due time, can be expanded to phase III
centres.

Phase IV malaria vaccine trials

Final proof of the practical usefulness of a vaccine
lies in the evaluation of its impact on the health of the
population. Phase IV trials are, therefore, needed
before a vaccine can be used as a routine public health
tool. The two major aspects of such trials are: (1) the
impact on the health of the vaccinated population
and (2) the impact on transmission. These two aspects
are closely related, but require distinct study designs.
In addition, phase IV trials should evaluate social,
economic and other factors that may influence the
deployment of malaria vaccines and their acceptance
by the population concerned.

Objectives. The main objectives of phase IV trials
are the evaluation, under field conditions, of the
efficacy of a licensed malaria vaccine, and the moni-
toring for associated adverse reactions in large
population groups covered by this vaccination. The
essential aims of this exercise could, at this point, be
recapitulated as follows:

(a) for the sporozoite vaccine: prevention of in-
fection, as well as reduction of disease and death;

(b) for the asexual blood-stage vaccine(s): reduc-
tion of the burden of malaria-specific morbidity, of
the frequency and severity of serious complications,
and of death;

(c) for the transmission-blocking, gamete-related

vaccine(s) (alone or in combination with others):
reduction of transmission of malaria, and thereby
also lessening of propagation of drug-resistant
parasites;

(d) investigation of special problems that become
apparent only in studies of large populations. Such
problems may already be identified in phase II, but
mostly at various stages of phase IV; arrangements
should therefore be made to recognize these problems
and implement the appropriate investigations.

Prerequisites. As the design of protocols for phase
IV trials depends on the detailed information of
phase I to III vaccine trials, it is assumed that the
following information should be available at the
planning stage of phase IV trials: target Plasmodium
species and stages affected by the vaccine; duration of
the protection; degree of protection, qualitative and
quantitative; contraindications and special risk
factors; route of administration and vaccination
schedule; logistics of vaccine transport and storage;
interactions between natural infection and vaccine-
induced immunity; effect of antimalarial drugs on
vaccine responses; effect of immunization on efficacy
of chemotherapy; minimum and optimal ages for
vaccine application leading to protection; features of
the vaccine that may interfere with compliance; and
acceptability of vaccination campaigns.

It is also assumed that sufficient general baseline
data on the epidemiology of malaria in the selected
area and communities will be available and that high-
risk groups and specific target populations (children,
pregnant women, migrants, occupational groups,
etc.) are known.
Good baseline data are indispensable for

evaluation. These should include mortality rates by
age groups, sex and season. Cause-specific mortality
data from retrospective studies are usually unreliable.
The value of clinical diagnosis of symptomatic
malaria as a disease must be determined from local
information, as well as from case detection and
population surveys.
Measurements applied routinely for evaluation

include the taking of duplicate blood samples to
determine the prevalence and intensity of infection by
parasite species and stage. Special emphasis will be
placed on the validation of established and the
evaluation of new serological tests to monitor specific
antibodies due to infection and immunization.
Should any new tests for antigen determination under
field conditions become available, special evaluation
studies would be indicated.

Monitoring of vaccine efficacy in large population
groups will also have to include observation of the
effects of a P. falciparum vaccine on infections with
and prevalence of P. malariae, P. vivax and/or
P. ovale.
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The monitoring of entomological data on
transmission is essential for phase IV trials.
Entomological surveillance has a dual role: to
determine the transmission level in the study area,
and to estimate any vaccine-induced changes in
transmission trends. When studying transmission-
blocking vaccines, it would be advisable to determine
whether they prolong the usefulness of antimalarial
drugs by partially or totally preventing transmission
in foci of drug-resistant malaria and thus inhibiting
the spread of resistant parasite populations.

Provision for training of staff for such studies is
essential in the early planning of phases III and IV
trials. The categories of personnel that will be needed
must be identified. Furthermore, by the time the
study areas have been determined, additional
manpower will be required and the training needs
must be identified both quantitatively and qualita-
tively. Institutions where training can be carried out
will have to be identified and it will be important to
commence institutional strengthening at an early
stage, as soon as there are genuine indications of an
effective candidate vaccine becoming available, i.e.,
usually late in phase 0.

Relationship of vaccine trials to health and social
services. In view of the fact that total vaccine
coverage will probably not be achieved, that the
reduction of transmission may only be partial, and
that new neonates and non-immunes will continually
be added to the local population, it will be essential to
ensure that adequate services for the rapid diagnosis
and appropriate treatment of malaria cases are
established.
The health care delivery system of the area should

include community health workers capable of
recognizing suspected malaria cases; there should
also be laboratory facilities for the confirmation of
diagnosis, an adequate supply of effective anti-
malarial drugs, and an efficient referral system where
facilities exist for emergency treatment and alter-
native medication. This will require appropriately
trained personnel, with the necessary supplies and
equipment.

Recognition and reporting of vaccine side-effects is
an important part of these studies and appropriate
information and trained personnel will be needed if
the less common side-effects are to be detected, as
this is only possible in phase IV.
A vaccination delivery system will have to be

developed and supervised to ensure that the target
population receives vaccinations at the appropriate
time and intervals, with vaccines that have been
stored and transported under prescribed conditions.
This will require a careful recording system detailing
the amounts of vaccine used, the amounts required,
the remaining stocks and the criteria used for

recording. Such a system must be accessible at all
levels to ensure the best possible maintenance of
supplies.
The overall information system will need to be

developed to provide the necessary operational and
epidemiological information.
The effect of vaccines on transmission will be

influenced by the extent of population coverage and
this is related to acceptability of the vaccine, the
population's perception of its value, social customs,
the movement of individuals into the community,
and the extent to which such movements are known
to the health system.

Special attention should be given to the develop-
ment of rapid appraisal of socioeconomic changes
so that the relevant information can be used
effectively.

Effects of the vaccine on morbidity and mortality.
In areas where the incidence of malaria is high, the
major objective of a malaria vaccine is the reduction
of disease and deaths. There are areas in the world
where the traditional control measures have not been
applied (effectively) owing to shortage of financial or
managerial resources and manpower. Moreover,
increasing drug resistance has greatly reduced the
value of chemoprophylaxis as a method of disease
control. Because of concomitant diseases, it has also
been difficult to interpret the impact of malaria alone
on general morbidity and mortality.
Even in countries where the mean prevalence of

malaria is low, there may be high-risk groups due to
special circumstances. For instance, new economic
development projects and agricultural or other
opportunities are attracting non-immune individuals
and families to areas of high exposure to malaria.
Seasonal or temporary movements of populations
either as labourers or nomads may also increase the
risk of malaria for these groups. Full-scale control
activities based on traditional measures may not be
feasible in these situations and a target programme of
vaccination may be the only practicable solution for
preventing much illness and death from malaria in
these groups.

Characteristics of some epidemiological con-
ditions. There are a series of epidemiological
situations where vaccines might have an impact on
morbidity and mortality. In highly endemic areas the
communities to be included in phase IV trials should
be selected on the basis of the following charac-
teristics: relatively stable populations; no major
development projects in the area; availability of basic
demographic data and basic health services.
Examples where these conditions may be met, at
present, are rural tropical Africa and Papua New
Guinea.
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Studies of special risk groups would best be
considered in non-immune settlers moving into areas
of high transmission. In these groups it is essential to
determine the origin and destination of the
population. The non-immune population would be
expected to remain at some risk of malaria infection
for a sufficiently long period to indicate vaccine
efficacy. Current examples of areas where these
conditions may be met are in Thailand, Sri Lanka,
and parts of Sudan.

Methods and study design. Phase IV studies are
most likely to be designed as total coverage studies
with adequate comparison areas.
The measurement of mortality and morbidity must

be given special attention. Age-specific mortality will
be the most practical indicator of change and can be
determined by periodic surveys, by using results of
some studies done for other purposes and by careful
extrapolation from existing health records, supported
by validation of the data at the community level. The
recognition of a case of malaria and its definition as
such in hyper- and holoendemic areas is made
difficult by the high frequency of fevers of unknown
origin that may coexist with asymptomatic para-
sitaemia. Nevertheless, it is important to establish the
parameters for morbidity measurement in a specific
area.

(a) Case detection. This will be based on the local
health services, strengthened or developed to the
extent required for them to provide an effective
evaluation of the impact of vaccination on infection,
disease and death. The variables to be assessed in
detected cases will include clinical, parasitological
and immunological components, including the
vaccination status of the cases (in particular, of the
severe ones).

(b) Population surveys. Surveys carried out once
or twice a year, possibly on a sample basis, will assess
parasitological and immunological variables.

(c) Death registration and certification. This will
be done to the extent possible; the vaccination status
of the deceased should if possible be determined.

(d) Laboratory support. The laboratory service
should provide the level of competence needed in the
field and facilities for specimen collection, transport
and analysis.

(e) Entomological monitoring. An assessment of
the (epidemiological) inoculation rate over time and
between the vaccinated and unvaccinated areas will
be necessary, using sporozoite rates, vector density
indices, and (whenever possible) man-biting rates.

(f) Monitoring of social/human behavioural
aspects. This would cover attitudes and responses of
the population towards malaria and vaccination,
including those associated with compliance over the
study period. In this context the experiences of the

WHO Expanded Programme on Immunization could
be most useful. Special problems may be encountered
owing to reactions at the site of injection. It will also
be important to collect baseline data on individual
and family behaviour with regard to malaria
transmission and malaria control measures and how
this may have changed over the study period. Such
monitoring may be carried out on a seasonal basis.

Time frame. Phase IV trials will require a
preparatory phase, which will depend on the avail-
ability of trained personnel and the quality and extent
of baseline data. This preparatory phase will involve
the collecting of parasitological, entomological and
epidemiological data to establish the comparability
between the areas with and without intervention.
Consequently the definitive selection of sites should
be accomplished as soon as candidate vaccines have
cleared phase II evaluation. In fact, possible sites for
phase IV trials may include those used for phase III.
This decision should be anticipated early, at the
beginning of phase II trials.

Certain studies, particularly those dealing with the
evaluation of diagnostic tests of high specificity and
sensitivity (both parasitological and epidemio-
logical), should be reapplied under different epi-
demiological conditions in the field as soon as the
appropriate techniques have passed rigorous
laboratory and/or clinical validation. A period of at
least two years will be required for assessing the
impact on morbidity and mortality in high
transmission areas and high-risk groups.

Evaluation ofthe impact ofmalaria immunization on
transmission

Conditions under which studies might be
conducted. Situations where it would be most useful
to study the reduction of transmission as a result of
vaccination are areas where transmission has already
been lowered in intensity, but not interrupted by anti-
malaria activities. In these circumstances, malaria
vaccination might be sufficient to stop transmission.
Of equal importance are studies in areas where there
is currently a problem in maintaining control with
existing methods.

Studies should also be conducted in areas where the
interruption of transmission is not likely to be
achieved or maintained even with vaccination, but
where transmission is not so high that one would look
for the possibility of a joint effect of vaccination and
boosters from natural transmission.
An appreciation of the importance of boosters

from natural transmission may emerge from projects
on individual protection. Reduction of malaria
incidence in the randomized unvaccinated population
might provide some information concerning the
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reduction of transmission when a fraction of the co-
resident population is immunized. More likely, if a
high level of individual protection is obtained for a
sufficiently long period of time, there will be a
demand for extending vaccination to whole com-
munities (i.e., to all who are prone to benefit);
measurement of transmission in such communities,
in comparison with unvaccinated communities, may
estimate the impact of vaccination on transmission.
The number of vaccinated and unvaccinated

communities to be included in a trial is important. If
the unit for evaluation is a "transmission unit" (for
instance a village), there is a question concerning the
number of such units required for statistical analysis.
The more "transmission units" that can be
independently observed, the less ambiguous is the
interpretation of the results. In practice the limit for
the number of villages that can be independently
observed is usually set by the capacity for adequate
malariological and entomological measurements.

In some areas, vaccination may be apt to interrupt
transmission either alone or, more likely, in
combination with other control measures. This can
be monitored by using standard epidemiological/
malariological tools.

Other factors of obvious importance for long-term
interruption of transmission include financial and
administrative resources and manpower, and their
appropriate provision in relation to the problem.
Maintenance of eventual eradication depends on the
vulnerability of the area, the capacity for early
detection and the control of episodes of renewed
transmission.

Study design. In a comparison between vaccinated
and unvaccinated communities before and after
introduction of the vaccine, target groups for
vaccination would include the entire community
except for persons with contraindications. Other
control methods would be the same in both
communities.

Initially all individuals of the target population
would have to be considered susceptible and exposed
to infection, although the degree of susceptibility
might vary according to malaria experience and other
factors.

Clear indications would need to be given with
regard to the vaccination of neonates (how soon after
birth?) and immigrants, and the rationale of and
criteria for revaccination should emanate from the
phase III studies.
Complementary means of intervention would

include at least early diagnosis, treatment and follow-
up of clinical malaria cases, but it is probable that
other measures against malaria transmission, such as

vector control and reduction of man-vector contact
(e.g., behavioural aspects, use of mosquito nets),

would have to be considered in many circumstances.
Mass drug administration may have a place with the

initial round of vaccination if phase II and III studies
have provided evidence that the degree of vaccine-
induced immunity is seriously diminished by current
malaria infection. Otherwise mass drug
administration is unlikely to be a means of inter-
vention during phase IV malaria vaccine trials.
A subdivision of the study population into

vaccinated and unvaccinated groups will have to be
made. These subdivisions will differ, as far as
possible, only in that respect, with no or little inter-
change between them.
An unvaccinated group may not be strictly

necessary if the object is to determine whether or not
transmission is interrupted in the intervention group.
However, the presence of a comparison group will
allow evaluation of the impact on transmission of
both natural and man-made changes; the latter are
probable, as control measures other than vaccination
are likely to be strengthened in the course of the
intensive studies.
The timing of the study may be as follows:

preparatory phase, six months to a year; baseline
phase (prior to intervention), one to two years;
intervention phase, flexible, initially three years, with
annual review, and the possibility of prolongation or
early termination. However, these periods may be
amended in the light of further experience.
The evaluation of reduction or interruption of

transmission requires critical review. The following
data would be needed: sporozoite rate; parasite rate
(criteria to be developed); immune response against
blood stages (seropositivity rate or antibody titres) if
no asexual erythrocytic-stage vaccines are being used.
A decline in these parameters is to be anticipated if
transmission is reduced, but the rate of decline corres-
ponding to the interruption of transmission is
unknown (the determination of that rate of decline
may be a valuable by-product of a successful trial,
bearing in mind that the use of drugs may be a
complicating factor).

Malaria incidence in the unvaccinated will be
another valuable parameter. The unvaccinated are
likely to include the following categories: persons
missed, refusals, immigrants, visitors, exemptions
(contraindications), infants not yet vaccinated. A
special effort should be made to detect P. falciparum
infections in these groups, and to classify them as to
their origin. However, these groups may be small
and/or difficult to assess (e.g., refusals, visitors).
Incidence of malaria among the vaccinated will
indicate local transmission plus vaccine failure or loss
of protection.

In individuals immunized with antisporozoite
vaccines it would be important to show whether the
assays available are sufficiently specific and sensitive
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to detect a rise in antisporozoite antibody titre after
natural sporozoite inoculation. If so, this may be the
most sensitive assay for the detection of persisting or
renewed transmission.

It is presumed that a transmission-blocking vaccine
will be used in combination with other types of
malaria vaccine. But even by itself, it may have a
special value in reducing or preventing the propa-
gation of antigenic mutants or in operations aiming at
the containment of drug-resistant malaria. Village or
larger-scale trials to evaluate the impact of a
transmission-blocking vaccine on the entomological
inoculation rate and other parameters of transmission
deserve attention in the light of these considerations.
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