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Introduction

This document is addressed to national health authorities, in particular to those of dengue-
endemic countries interested in the potential use of dengue vaccines for the control of dengue,
and to research scientists interested in the development and field evaluation of such vaccines.
The guidelines may help public health officials, with the assistance of their technical advisers, to
make decisions about dengue vaccine trials to be conducted in their countries, including not only
field trials, but also the earlier clinical trials required before proceeding to field trials. The
guidelines may help research scientists to clarify the technical decisions required before designing
an actual field trial protocol.

Dengue is an acute febrile disease caused by any one of four related viruses. Classic dengue
is characterized by fever of 3-5 days duration, headache, muscle and joint pain, and a rash. The
classic form is self-limited and usually results in complete recovery. Dengue haemorrhagic fever
(DHF) is the severe form of dengue. DHF is characterized by the signs and symptoms of classic
dengue followed by increased vascular permeability and haemorrhage which may lead to vascular
collapse (dengue shock syndrome [DSS]) and death.

Basic research towards the development of dengue vaccines continues. Candidate vaccines
are reviewed elsewhere (Natth, 1997; WHO, 2000) and include those attenuated by passage in
dog kidney cells, chimeric flaviviruses, and others. In this document, the terms “immune” and
“immunity” indicate resistance to infection, or to some of its clinical consequences, or resistance
to becoming infective, all these kinds of resistance resulting from previous infection or
vaccination. “Immune responses” is used to describe the host’s humoral or cellular immune
responses which follow exposure to antigens, through infection or vaccination, but which do not
necessarily reflect or correlate with a state of protection against infection or its adverse effects.
A vaccine’s immunogenicity is its capacity to generate immune responses. Vaccine potency is a
measure of functional activity, which again may or may not correlate with efficacy (clinical
protection) in the target group. A clear rationale for the testing of candidate antigens in humans
is required. “Disease” will refer to uncomplicated dengue disease, “severe disease” to severe and
complicated dengue including DHF and DSS. The trials considered here are concerned with
efficacy against natural challenge, as well as with safety and immunogenicity.

In spite of the knowledge accumulated recently, some issues remain undecided, indeed
controversial. These guidelines will reflect some of these uncertainties, rather than try to settle
them. The circulation of the guidelines may contribute to the settlement of some of the pending
questions.

This document was developed using contributions and comments from many persons. They
are listed in Annex 1. The background and model for these guidelines comes from a 1997
UNDP/World Bank/WHO/TDR document “Guidelines for the Evaluation of Plasmodium
falciparum vaccines in populations exposed to natural infection.” The reader is referred to the
European Agency for the Evaluation of Medicinal Products document “Note for Guidance on
Clinical Evaluation of New Vaccines” (1999) for a detailed discussion of clinical trial design and
methods. The WHO is developing Guidelines on preclinical evaluation of vaccines and also on
Regulatory Expectations for Clinical Evaluation of Vaccines (WHO, 2001a). The principles and
specifications given in these complimentary WHO documents provide additional guidance and
should be also consulted. Information on the status of these guidelines may be obtained from the
Coordinator, Quality Assurance and Safety of Biologicals, WHO, Geneva.
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A. General background

     1. Potential uses of vaccines for dengue control

In order to design meaningful field trials, some speculation regarding the ways different
vaccines might be used for dengue control in different situations is necessary because field trials
of a vaccine have to help define its place in control. Such speculation is, however, problematic, as
long as we know very little about the kind and duration of protection likely to be produced in
individuals vaccinated with the kinds of vaccines likely to become available. The following
combinations of types of uses, situations and vaccines are more or less plausible:

(a) Inclusion of a dengue vaccine in the Expanded Programme of Immunization (EPI), in
situations where significant transmission is expected to continue into the foreseeable future
(as is the case in much of tropical Africa, Asia, South America and the Caribbean). Dengue virus
transmission exists in Africa, but DHF is not recognized there, so vaccination may be
implemented to stop transmission if a worldwide campaign were mounted. A live, attenuated
tetravalent candidate vaccine is likely to be the first to undergo Phase III trials, but chimeric and
DNA vaccines may also be practical in the future. The inclusion of a dengue vaccine in the EPI
raises the following issues: (i) possible interference between the dengue vaccine and the other
EPI vaccines; (ii) optimal timing of dengue vaccination; (iii) possibility of adapting the existing EPI
schedule accordingly (see WHO, 1993; Aylward et al., 1994); and (iv) the concept of a
“catch-up” campaign where integration into the EPI and initiation of routine vaccination is
accompanied by an effort to immunize the susceptible population (presumably children through
school age or beyond). The actual age groups targeted could be identified through
epidemiological studies.

(b) Vaccination of non-immune immigrant settlers before their arrival in an endemic area in
which significant transmission is expected to continue. The above considerations regarding
vaccine types apply here as well.

(c) Periodic mass vaccination, without time-limit, in the resident population of an endemic
area in which significant transmission is expected to continue. The type of vaccine desirable
would be the same as under (a) and (b). Sustainability of vaccination will be a major problem.

(d) Mass vaccination(s) as part of a time-limited campaign aiming at the elimination (or near
elimination) of dengue. Elimination may not be realistic because sustainability of the results
achieved would be a major problem unless elimination was worldwide. To achieve elimination,
the vaccine may be used in conjunction with simultaneous intensive mosquito control. A vaccine
of maximum efficacy and duration of immunity is desirable.

(e) Mass vaccination as part of the short-term management of a dengue epidemic. The type
of vaccine desirable would be the same as under (c), but a very short immunization schedule
(e.g. a single injection) would be desirable. There may be considerable difficulties in ensuring
vaccines are given with safe injection practices in an emergency mass campaign. The
consequences of dengue immunization on subjects recently infected and not yet symptomatic is
not known.

(f) Protection of non-immune temporary visitors to endemic areas (e.g. travellers, seasonal
labour, soldiers). Demand is likely to be significant, given the absence of chemoprophylaxis. The
best vaccine would be a very effective immediately active vaccine. In contrast with the other uses
considered, a relatively short period of protection may be acceptable, and for some of the
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visitors (e.g. well-off travellers) a relatively high cost may also be acceptable. Vaccine scheduling
may be complicated by the need to vaccinate with more than one flavivirus vaccine, e.g., Japanese
encephalitis vaccine and dengue vaccine, or yellow fever vaccine and dengue vaccine.

(g) Selective vaccination of pregnant women and immunocompromised persons. The risk of
dengue infection to pregnant women, their offspring, and immunocompromised persons is not
completely known. but these may be high risk groups. Although any fever is a threat to pregnant
women, there are few reports of adverse effects of dengue infection on maternal and foetal
outcomes. It is also possible that immunocompromised persons are at decreased risk for severe
disease as DHF is largely an immunopathology. Nevertheless, it is prudent to avoid use of live
attenuated vaccine in these populations.

Among the seven types of uses considered, (a), (b) and (f) are probably more plausible, at
present, than the others, while (a), (b) , and (d) are probably the most important for public
health.

      2. Selection of end-points in a field trial for efficacy

A variety of disease definitions may serve as end-points. There are two practical candidate
primary efficacy end-points of dengue vaccine field trials (a) incidence of disease (dengue fever);
and (b) incidence of severe disease (including DHF/DSS).  Co-factors include (a) protective
immunity, (b) vectorial capacity, (c) human genetics, (d) viral genetics, and (e) case management,
each comprising multiple interacting variates.

It will eventually be required to compare the efficacy of different vaccines, of similar or
different types. Given the geographical variation of potential co-factors, such comparisons may
require randomization within local trials.

2.1 Primary end-point

Each field trial requires a single primary efficacy end-point, namely the end-point used for
the calculation of sample size and the estimation of vaccine efficacy (VE).

One might argue as follows: given (i) the uncertainty of extrapolation from efficacy
against early (or mild) end-points (i.e. dengue fever) to efficacy against later (or severe)
end-points (i.e. severe disease requiring hospitalization, including DHF/DSS) and (ii) the
greater public health importance of the latter severe end-points, the primary efficacy
end-point of fieldtrials should be the severe end-point, including DHF/DSS. One can also
argue that studies in Kamphang Phet and Puerto Rico have demonstrated the value of
school absenteeism as a means of recognizing dengue cases; with appropriate
surveillance, and diagnostic testing, it might be possible to demonstrate vaccine efficacy
based on reduction in classic dengue fever and non-specific febrile illness associated with
dengue infection, more efficiently than using DHF/DSS as the primary end-point.
There is also an ethical constraint. Once efficacy has been demonstrated against an early
(mild) end-point such as dengue fever, it may be ethically questionable to conduct a
double-blind randomized controlled trial (DB-RCT) to measure efficacy against a severe
end-point such as DHF/DSS. This problem is avoided by including the severe end-point
in early trials (Smith & Hayes, 1991), which will require a larger number of experimental
subjects. The Phase III trial can be large, and the larger study may be preferred because
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power to detect low-incidence adverse effects goes up. The preferred approach is to use
severe disease, i.e. hospitalized dengue including DHF/DSS as the end-point in
South-east Asia and other trial sites where DHF is prevalent. Trials in populations where
DHF is not prevalent should have lower priority. Where surveillance and adequate
laboratory testing are in place, vaccine efficacy can still be demonstrated using classical
dengue as the primary end-point.

2.2  Secondary end-points

 Assuming the primary end-point is hospitalized cases of dengue fever, a secondary end-
point is classic dengue fever. Measurement of dengue fever is unlikely to be accurate if
based on clinical signs and symptoms. Laboratory confirmation of dengue infection is needed
for accuracy, and experts should indicate which laboratory test(s) would be acceptable.
The end-point is important, especially for Latin America and travellers. The trial may also
yield valuable data on safety of the vaccine, immunogenicity, and protection against other
flavivirus diseases such as Japanese encephalitis in Asia and yellow fever in Africa and Latin
America. Cross-protection, however, will not be an aim of the trial. The sample size for
efficacy may be smaller than that required for safety. The principal safety question, “Does
the vaccine predispose patients to DHF?” will be particularly important in testing of vaccines
that do not induce seroconversion by neutralization test to all serotypes in all subjects.
Reduction of DHF/DSS over a 3-5 year period constitutes an effective result.

3. Phases, target groups and study design of human vaccine trials

3.1  Phases I-IV

Phase 1-IV trials are defined in terms of challenge, objectives and registration status
(WHO, 2001a). Phase 1 trials include testing of monovalent vaccines in populations not
at risk. The place of artificial challenge trials is debatable and cannot be advocated at this
time.

3.2  Target groups

For dengue haemorrhagic fever control, the target group for vaccination may vary from the
total population to a very limited subgroup (e.g. infants). On the other hand, for ethical
reasons a new product should be tried first in those probably most tolerant of possible
reactogenicity. This would be healthy adults (excluding pregnant women), while those probably
least tolerant of adverse experiences (young children and infants) may be included only
later, and only if they belong to a naturally exposed population. Furthermore, before
conducting an efficacy field trial in a given population, or population subgroup, it may be
prudent to conduct safety and immunogenicity trials (i.e. Phase 1 and II trials) in the same
population or subgroup. This may help those conducting the trial to work out methods.
The evaluation of a vaccine will involve a conditional sequence of trials, taking into
account phases and target populations and groups. A possible sequence, for a vaccine
eventually destined for use in infants, could be (a) Phase 1 in unexposed adults; (b) Phase
IIa (optional) in the same group; (c) Phase 1 in adults of an exposed population;
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(d) Phase IIb, III (optional) in the same group; (e) and (f) Phases 1 and IIc, III in children of
the same population; (g) and (h) Phases 1 and IIa, III in infants of the same population.
The sequence could start in (c); the following could be concurrent: (d) and (e), (f) and
(g). If infants and/or young children are, a priori, the only eligible target group (e.g. if the
EPI is the only feasible method of distribution) the minimum required sequence can be
much shorter, e.g. (a), (b), (c): Phase 1 trials in local adults, children, infants, respectively;
(d) Phase IIa, III in infants. The most appropriate sequence will vary among vaccines and
epidemiological situations, and requires careful consideration (see below, B 3.3).
Pharmaceutical consistency will be a necessary component of Phase III trials, involving
comparison of three consistency lots.

3.3 Basic study design

The basic study design may be either double-blind, randomized control trial (DB-RCT)
or comparison between communities. The following considerations apply:

(a) if vaccination of the community involves high coverage, the two comparisons are not
equivalent, as high coverage may significantly reduce transmission, which may reduce
morbidity and risk of sequential infections leading to DHF, but might also have
undesirable consequences such as loss of the boosting and immunizing effects of
natural exposure;

(b) community vaccination is closer to real-life dengue control (even so, long-term
effectiveness is only poorly predictable from field trials senso stricto)

(c) the risk of accidental bias is smaller with comparisons between individuals, because
the units of randomization are more numerous, and easier to stratify (or match) by
exposure;

(d) comparing communities is likely to be more expensive and may last longer (it may
be necessary to start with a baseline comparison, before vaccination, for a period of
at least one year); outbreaks may be focal and vary dramatically from year to year.
Baseline may need to be for more than one year and even then may not give an
adequate forecast. Entomological surveillance may be helpful in predicting outbreaks.

(e) the two comparisons are unlikely to be used sequentially, as proof of efficacy in the
individual would make the DB-RTC comparison of communities ethically
questionable.

In conclusion the comparison between individuals will be preferred for field trials (senso stricto),
leaving further questions (e.g. long-term effectiveness and long-term safety) for Phase IV trials.

To study protective efficacy against overt disease, Phase III studies must be performed in partially
dengue-immune individuals. Protection can be measured only if vaccinated and control subjects
are equally at risk to DHF or DF.  A major challenge will be to show protective efficacy against
each of the four dengue viruses.  A Phase III trial must simultaneously have sufficient power to
measure protective efficacy and not interrupt dengue virus transmission significantly. A single
high-risk age cohort study design is recommended. This design will allow randomization, blinding,
use of a placebo, the probability of measuring protective efficacy within a single dengue
transmission seasonal cycle and yet not significantly reduce dengue virus transmission. Published
data (Halstead et. al., 1969) show that, in 1964, as many as 1% of Thai children in the age group
3 years were hospitalized for DHF during one calendar year. Published cohort studies often have
included a broader age cohort reducing the incidence of DHF to 0.3-0.5% (Winter et. al., 1969;
Sangkawibha et. al., 1984; Burke et. al., 1988; Graham et. al., 1999). Limiting the selection of
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vaccinated subjects and controls to the modal age group will provide access to the population
at highest risk of acquiring DHF. Modal age at hospitalization for DHF can be determined from
reported hospitalization data for any prospective dengue vaccine test site. Further, it is well
established that DHF endemicity varies greatly among different locales (Halstead et. al., 1969).
Each locale establishes an independent cycle of DHF. These cycles can be determined by studying
reported DHF hospitalizations over a 10-20 year period. These data can be used to predict
locales and years of “high risk” to DHF by reference to past epidemic experience. Identified “at risk”
locales can be evaluated for their suitability as Phase III vaccine efficacy study sites. Restriction of
dengue vaccine Phase III studies to single (high-risk) age cohort should result in a cost-effective and
manageable study. Moreover immunization of 50% of a single age cohort should not significantly
reduce total dengue virus transmission. Duration of cohort study will depend upon the size of DHF
viral etiology groups.

In many dengue-endemic countries, virtually full access to urban children, ages 7-9 years-old, is
available through schools. Two study design options are available: follow vaccinees and controls
through the dengue virus transmission season using school absenteeism or follow vaccinees and
controls by surveillance of hospitalized cohort children. It will be critical to complete dengue
vaccination and to bleed all subjects prior to seasonal increase in dengue viral transmission. It
must be possible to identify past history of dengue virus infection from study of the sera taken
from placebo-inoculated children who develop either DF-like and/or DHF-like illnesses during
the follow-up period. Strenuous efforts must be made to recover virus or identify dengue
infecting serotype by PCR from all febrile children in vaccinated and placebo groups. Each of
these designs has been tested successfully in the field (Endy, T.P. et. al., personal communication;
Sangkawibha et. al., 1984; Burke et. al., 1988; Graham et. al.,1999). The first option permits
evaluation of DF and DHF, while the second option uses DHF as an outcome end-point.
Following DF as an end-point will add significant cost to the study.

In Phase IV trials standard DB-RCT comparisons are not feasible, but a fairly rigorous evaluation
is nevertheless possible, through the use of the stepped-wedge design (involving the randomized
stepwise introduction of an intervention in successive population units) (Smith & Hayes, 1991;
Smith & Morrow, 1996) and of case-control studies, preferably in combination. Indeed, some
important public health questions can only be answered at that stage. The methodology of Phase
IV trials of dengue vaccines is beyond the scope of this document and probably requires
separate guidelines, including the discussion of study designs.

     4. From Phase III trials to a regular vaccination programme

However problematic, speculation concerning probable sequences may be useful for planning
the further development of dengue vaccines.

(a)  If the Phase III trial(s) demonstrate(s) protection, at a predetermined level
(e.g. ≥ 50%), against the predetermined primary end-point, with a predetermined
confidence (e.g. 95%), identify one or more situations that fulfil 4 criteria: (1) political will
to use the vaccine and commitment by the manufacturer to provide vaccine, should it
pass the next test (i.e. the Phase IV trial); (2) programmatic use of the vaccine is likely to
be operationally feasible; (3) it is also likely to yield a measurable epidemiological benefit;
and (4) a rigorous Phase IV trial is probably feasible. Registration/licensing (by the
relevant national authority and optionally also by an internationally recognized
registration authority) is expected between Phases III and IV. One or more Phase 1 trials
(safety and immunogenicity) may have to be repeated in the area(s) selected for Phase
IV trial(s). In addition, all available safety follow up data of Phase I-III trials with the same
product should be reviewed.

            (b) The Phase IV trials will be designed as case-control studies with severe dengue
including DHF as the primary end-point.
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When available, an appropriate immunological assay may serve as a surrogate marker for
clinical protection. However, there are currently no absolute correlates or surrogate markers
of protection against dengue. The plaque reduction neutralization test, which assays humoral
antibody, is the most reliable measure. Studies are under way to develop a standardized
plaque reduction neutralization assay and an International Standard antibody preparation
for calibration of serological assays. (Details of progress may be obtained from Coordinator,
QSB, WHO, Geneva). Development of a sufficiently specific, quicker and less expensive
method would reduce the cost of field trials. Adequate product control serves to safeguard
vaccinees both against unacceptable adverse effects and inadequate protection.

Special considerations apply to the control of vaccines which do not apply to chemical
drugs. This is because of the biological nature of (a) the starting materials, or (b) the
manufacturing process and/or (c) the test methods needed to characterize batches of the
product. For example, the production of many vaccines involves the culture of cells or
microorganisms, and such systems are inherently variable by nature. Also, vaccines are
often highly complex products in molecular terms, and chemical and physical analyses are
of only limited value in their characterization. This is in contrast to chemical drugs where
definitive chemical analyses can provide an adequate basis for quality assessment. The
deleterious effects of drugs are usually based on their chemical nature but experience with
vaccines and other biologicals has shown that major problems, or accidents, are usually
batch related and not product related. This serves to emphasize the need for effective
control procedures. Consistency of production is of paramount importance and the
demonstration that production lots do not differ from vaccine lots which have been shown
to be safe, adequately immunogenic and protective in previous clinical studies is a crucial
component of vaccine evaluation and licensing procedures. A vaccine being submitted to a
Phase III field study would therefore be expected to have undergone comprehensive
characterization.

At least 1000 subjects and preferably 2000-2500 subjects, are needed for a safety study
in which adverse events are actively solicited by diary card and by periodic interview with
medical personnel. This may be done in conjunction with an efficacy trial of a tetravalent
vaccine. At least two dengue seasons of follow-up are needed.

     5. Interaction of dengue vaccines with other vaccine programme

In nations where the EPI vaccines are administered, dengue vaccination will be carried out on
a schedule compatible with other vaccines. Japanese encephalitis and yellow fever vaccination
of children should be maintained on their routine schedules.

     6. Requirements for clinical trials and registration (licensing) of a vaccine

6.1  Control of safety and efficacy

Ensuring the consistent safety and efficacy of a vaccine has long been recognized as an
essential element in a successful disease control programme (Griffiths, 1996). Indeed, the
development of appropriate laboratory methods to characterize a vaccine with respect to
its component antigens, safety, immunogenicity and potency must be a prerequisite to the
routine clinical use of any new vaccine. Early safety studies should be done in not-at-risk
groups with DB-RTC protocols.
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     Regulatory requirements strongly emphasize in process controls, where tests are carried
     out on the starting materials and during production, as well as on the final product. The
     validation of the ability of the manufacturing process to remove unwanted materials is also
     considered essential. International standards and reference materials play a vital part in the
     control process, their role ranging from use in specific antigen recognition tests to assays of
     vaccine toxicity, immunogenicity and biological potency.

6.2  Stages in regulating vaccines

The characterization, standardization and control of vaccine preparations during development
and clinical testing are key issues, and a well defined candidate vaccine offers by far the best
chance of success. If a Phase III clinical trial shows a preparation to be adequately protective,
the vaccine must subsequently be produced to the same specifications as the successful
preparation. In the case of inadequately defined materials it is never certain whether
differences in protection or toxicity are due to unintentional variations in the vaccine
preparations used, suboptimal vaccination schedules, poorly designed trials or differences
in target populations. The fact that it took about 50 years from the time of the identification
of Bordetella pertussis as the causative agent of whooping cough to the licensing of an
effective whooping cough vaccine is due largely to the fact that no attempt was made to
standardize the preparations used in the many early trials. Only when some degree of
standardization occurred did the development of an effective pertussis vaccine become
feasible (Griffiths, 1988).

At the Phase III stage of a vaccine development it will be expected that comprehensive
analysis and characterization of the product will have been undertaken, in order to establish
the specifications of the preparation. An acceptable number of consecutive batches of the
final formulated product (say 3-5 batches) and, where appropriate, intermediate products,
are characterized as fully as possible to determine consistency of composition. Differences
between lots are noted and used for setting limits for routine production when appropriate,
the criteria for rejection of harvests and production intermediates should also be defined.
Thereafter, for the purpose of batch release following licensing, a more limited series of
tests may be appropriate. A clear distinction, therefore, needs to be made between tests
performed during the development of a vaccine and tests proposed for use routinely on
each production batch of the product. The tests used in routine batch control should be a
selection of the tests used to characterize the vaccine initially and for licensing purposes
and usually will include tests for identity, immunogenicity, and, where appropriate, potency.

Changes in production methods at a later date, including scale up, will necessitate further
product characterization to demonstrate equivalence, although the extent of re-
characterization will depend on the nature of the changes made. Usually, it is the exact
production process, and its size, used to produce vaccine for the Phase III clinical study that
will be the one used for the purpose of licensing. Ideally, a Phase III study should be the
definitive or pivotal study for licensing.

6.3  Good manufacturing practices

Attention is drawn to requirements relating to establishments in which vaccines are
manufactured. These can be found in the WHO document Good Manufacturing Practice
for Biologicals (WHO, 1992 b). Particular attention needs to be given to the training and
experience of persons in charge of production and testing and those assigned to various
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areas of responsibility in manufacturing establishments. It should be noted that vaccine
preparations for Phase III clinical trials also need to be produced under conditions of
Good Manufacturing Practice (GMP) and attention given to developing documented
standard operating procedures (SOPs) for both production processes and for testing
procedures. These should be introduced as early as possible during the development of a
vaccine and be well established by the time Phase III studies are undertaken.

6.4  Independent batch release

Although the safety and efficacy of vaccines are primarily the responsibility of the
manufacturers, in the interest of public health, vaccines are also subject to batch release by
national health authorities. This usually includes independent laboratory evaluation by a
national control laboratory which looks especially for trends in quality. However, the extent
of laboratory testing by a national control laboratory varies, ranging from examination of
manufacturers release protocols to complete laboratory testing for identity, safety,
immunogenicity and potency of each lot, as appropriate.

6.5  Guidelines

WHO requirements or guidelines are available for vaccines and other biologicals of
significance and these form the basis for assuring the acceptability of a product globally.
Such recommendations provide advice to those responsible for production and control
processes and they may be adopted by national health authorities as the basis for national
requirements and for licensing.

For vaccines under development, specific WHO, national or pharmacopoeial requirements
may not be available and a national health authority will have to agree on specifications
with the manufacturer on a case-by-case basis during licensing. So far specific guidelines are
not available for dengue vaccines. However, there are general guidelines on the production
and control of live vaccines manufactured in cell cultures (WHO, 1998a), recombinant
products, such as recombinant DNA derived vaccines (WHO, 1991), and DNA vaccines
(WHO, 1998b) and these should be consulted. For a live attenuated vaccine produced in
primary cell cultures or eggs, guidelines on other virus vaccines may be useful (e.g. live
attenuated JE vaccine[WHO, 2001b] or yellow fever vaccine [WHO, 1998c]). For live
attenuated vaccines based on genetically modified organisms (GMOs), guidelines on release
of GMOs will need to be consulted. Information about assuring the quality of biologicals in
general and on procedures for approving (licensing) products, can be found in “WHO
Guidelines for National Authorities on Quality Assurance for Biological Products” (WHO,
1992b) as well as in “WHO’s Good Manufacturing Practices for Biological Products” (WHO,
1992c). WHO’s document on “Regulation and Licensing of Biological Products in Countries
with Newly Developing Regulatory Authorities” (WHO, 1995a) also contains much useful
information, including reference to authorization of clinical trials.

The “WHO Guidelines for Good Clinical Practice (GCP) for Trials on Pharmaceutical
Products” (WHO, 1995b) set globally applicable standards for the conduct of biomedical
research on human subjects. They should be applied during all stages of product
development both prior to and subsequent to product registration and marketing and
are applicable, in whole or in part, to biomedical research in general. WHO will also
consider requests for assistance from countries and may be able to convene specialist
panels to help in the evaluation of proposals.
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B. Information required concerning the vaccine before
conducting an efficacy field trial

The following information should be considered, even though not all of it is indispensable.

     1. Product information (see A.6 above)

The vaccine must be fully characterized (including manufacture, formulation, quality control
and demonstrated consistency of production and stability) and approved for human trial by an
experienced registration authority. Acceptable storage conditions must be defined. Route of
administration must be specified.

      2. Information from preclinical research

(a)  In vitro observations/experiments concerning the vaccine’s possible mechanism(s) of
protection.

(b) Safety and immunogenicity in laboratory animals. This may include efficacy in non-human
primates. The candidate vaccine may need monkey neurovirulence testing, depending on the
nature of the live virus candidate, e.g. chimeric vaccines could have unexpected neurovirulence.

(c) Mosquito competence, for live attenuated vaccines.

(d) Potential markers of attenuation, for live attenuated vaccines.

      3. Information from Phase I trials (safety and immunogenicity)

          3.1 Types of information

(a) Safety and tolerability

The Phase 1 trials should provide information on the frequency and severity of local reactions
at the site of injection after each dose of vaccine and information on the frequency of any
general systemic effects such as fever. The latter is particularly important if the vaccine is
given to infants, as symptoms can not be elicited as for older children and adults. Viremia
and clinical laboratory determinations should be monitored in the case of live vaccines.

Phase 1 trials are seldom large enough to establish the frequency of local and systemic
adverse events with any degree of statistical certainty, and they typically will give no
information regarding infants and older children, since Phase 1 is almost always restricted
to adults. A Phase 1 trial of a dengue vaccine will usually give a broad indication of the
possibility that severe local and systemic adverse events are a common occurrence after
vaccination and whether the vaccine is immunogenic in adults.

The Dengue Illness Score can help to interpret the safety profile of different vaccines in
different age groups. The Illness Score is not a substitute for adverse reactions classified
by intensity, duration, and seriousness, but it provides a simple measurement, i.e. a single
number. It proved relatively reliable for selecting formulations in the Mahidol/AvP LAV
vaccine trial. It takes into account the number of events experienced by each subject, and
the duration and severity of each event. A standard system of scoring is needed.
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            A Symptom Index may be calculated as: Duration x Severity score of systemic reaction per
subject. The systemic reactions involved are: fever, chills, malaise, headache, myalgia, arthralgia,
rash, pruritis, eye pain, photophobia, and conjunctivitis. The maximal value between Fever vs.
Chills; Myalgia vs. Arthralgia, Rash vs. Pruritis, Eye pain vs. Photophobia vs. Conjunctivitis,
Malaise, and Headache is calculated. These six values are summed up per subject and the
mean, the standard deviation (SD) and the range is calculated per group.

(b) Immunogenicity

(i) Immunogenicity should, preferably, be measured with tests which are as close as
possible to the vaccine’s expected mechanism of protection.

(ii)  The plaque reduction neutralization test is the only test that has been shown
to correlate with protective immunity. Test procedures should be carefully standardized.
Reference virus strains and positive and negative control sera should be made available
to vaccine manufacturers by WHO.

(iii) It is important to show that a vaccine can induce an immune response, as a
test for the integrity of the vaccine and to allow comparisons to be made between
batches used in different trials. Measuring antibody, or cellular immune responses in
laboratory animals, may allow a bad batch to be picked up before a trial is started.

(iv) Duration of immune responses, especially functional ones.

(v) Boostability of immune responses by re-vaccination.

(vi) Possible interaction with current EPI vaccines (indispensable if inclusion of
dengue vaccination in the EPI is envisaged) (WHO, 1993).

              (c) Ability of the vaccine viruses to infect mosquitoes and to be transmitted by mosquitoes
           (applicable to live attenuated vaccines only).

(d) Recommended number, intervals, and dosage of inoculations.

3.2  Populations and target groups

Information from Phase 1 trials should be applicable to the target population and groups
of the efficacy field trial. To ensure this and to familiarize the trial team with the
procedures, the Phase 1 trials may optionally be conducted (i.e. possibly repeated) in
that very population. Before the efficacy field trial in the final target group (e.g. children),
a sequence of trials may be required, as discussed above (see A.3.2), with appropriate
rules for proceeding, or not, from each step to the next.

  4. Information from Phase IIa trials

Phase II trials will extend the information on immunogenicity, safety, dose-response, and
effects of prior dengue and heterologous flavivirus infection.
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C. Basic specifications of a Phase III field trial
In addition to the characterization of the vaccine to be tested, the basic specifications of a field

trial are the trial’s objectives, the basic study design, the target groups, and the sample size.

     1. Objectives

The specification of a trial’s objectives consists mainly of the identification of its end-points.

1.1 Efficacy (protection)

1. 1. 1 Primary efficacy end-point

The primary objective of a trial will be to evaluate protection against a single primary
efficacy end-point, namely the one used for the calculation of sample size and the estimation
of vaccine efficacy. The selection of such an end-point has been discussed above (see A. 2).
For Phase III trials the primary efficacy end-point will be the incidence of hospitalized
severe dengue disease (including DHF) and this will be determined through hospital-based
surveillance. As discussed in A. 2, there may be a different primary end-point in some trials.
While it is obviously desirable to determine the duration of protection, as well as its
boostability by natural infection, the possibility to do so will be constrained by the study
design (see below, C.2).

5. Information from Phase IIb trials (artificial challenge trials)

Given the constraints and limitation of artificial challenge trials (see above), they are not likely to
be conducted except under very close supervision, and must be considered optional. When available,
they yield further information on the points listed under Phase 1, plus new information on:

(a) efficacy, including its relation to challenge dose, its duration, and boostability by
re-vaccination or by challenge (optional), evaluation of simple and inexpensive immunological
tests as indicators of protection.

(b) help to identify or confirm correlates of protection regardless of assay complexity or
cost

If the artificial challenge trial has been conducted in an unexposed population, its repetition
in the target population of the efficacy field trial is probably of low priority. It will be cheaper
and faster to go directly to natural challenge, and probably more informative, given the
questionable representativity of artificial challenge. An advantage of the artificial challenge
trial, however, is the demonstration of prevention of symptoms and/or viremia clearance.
The artificial challenge can also demonstrate protection against serotypes against which
the subject did not respond. For example, a tetravalent vaccine might elicit only 70%
neutralizing antibody against dengue 1, but higher responses against the other three serotypes.
The question could be asked are these vaccinated, non-seroconvertors protected?

     6. Other information relating to the clinical trials

Some efficacy field trials may already have been conducted with the same vaccine, perhaps in
different epidemiological situations or target groups, or with different endpoints. All these
trials should be critically and independently reviewed, before deciding to conduct a new trial,
and in order to define its expected contribution, and to design it accordingly.
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1.1.2 Secondary efficacy end-points

Protection against mild disease (dengue fever) may be measured in the same population as
protection against DHF. (For methods see above). A judicious choice of other secondary
end-points such as efficacy by age group, race, and gender, can be evaluated concurrently
with the primary end-point to increase the value of the trial in assessing the benefits
afforded by the vaccine candidate.

1.2 Immunogenicity

1.2.1 Immunogenicity of the vaccine

Immune responses to the vaccine should be measured, using appropriate tests, i.e.
adapted to the vaccine’s composition, as well as to field conditions. The plaque reduction
neutralization test is acceptable to determine immunogenicity. Immune responses tested
in the field will be mainly humoral. A subsample may be adequate for the assessment of
immunogenicity, but may not be sufficient to establish a correlation with protection.
Baseline data should be acquired early in the trial.

 1.2.2 Correlation between immunogenicity and protection

Possible correlations between protection and specific immune responses should be
investigated, as they may assist the further development of vaccines (e.g. optimization of
dosage regimens), as well as their further evaluation (e.g. in control programmes).

1.2.3  Evaluation of simplified field tests

Candidate field tests can be evaluated against protection and/or against tests previously
shown to measure protection (directly or indirectly).

1.2.4  Boostability

It is recommended to evaluate possible boosting, through natural infection, of immune
responses to the vaccine.

1.3 Safety

The vaccine has been found safe in its early trials, but monitoring for less frequent side
effects must continue during the field trials and beyond (see A. 6.1). Vaccination may put
persons at increased risk of DHF, especially if neutralization antibody response is suboptimal
or wanes over time. For this reason surveillance in vaccinees for DHF/DSS should be
maintained for at least three years, and preferably for five years. In comparison with earlier
trials, large field trials introduce new potential risk factors: larger numbers, different
populations, and exposure to natural infection(s).

1.4  Sensitization by previous primary infection

It is strongly recommended to monitor the possible effect of a previous primary
infection on the occurrence of DHF as a direct result of vaccination. Monitoring will be
carried out during the immediate post-vaccination period. Tests must be in place to
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distinguish between vaccine viruses and wild-type viruses immediately post-vaccination (21
days solicited; 42 days unsolicited).

     2. Basic study design

Adequate design requires a double-blind, randomized, controlled (DB-RCT) comparison
between those vaccinated with dengue vaccine and those receiving a placebo or a control
vaccine. The appropriate unit of randomization is the individual for vaccine trials in which the
vaccinated and controls are in the same community.

The duration of a trial is, in principle, predetermined; it enters into the calculation of the
sample size (see below, C. 4) and ends with the breaking of the code. This may constrain the
measurement of the duration of protection: (a) if the vaccine shows efficacy, it might be unethical
not to offer vaccination to the control group, so that further protection could not be evaluated
except on the basis of historical incidence of disease in the area. Conditions for prolonging the
comparison should, as far as possible, be laid down in advance; (b) the sample size calculated on
the basis of the expected incidence during the whole trial period, is unlikely to allow the
detection of significant variation of protection in the course of that period. For the same reasons,
an adequate evaluation of the boostability of protection by natural infection will be impossible;
the trial may, at best, give a hint.

     3. Trial target groups

The trial target group should be clearly defined, e.g. children aged 7-9 years, children or
infants in an EPI programme, etc. The peak years for DHF will be different in different countries
depending on the level of endemicity. The target group of a field trial should be selected to test
protective efficacy. The probable target group for the vaccination programme should be tested
for vaccine safety.

     4. Sample size

In any vaccine trial, it is important that the number of participants recruited be sufficient to
provide reliable answers to the main study objectives. If the sample size is too small, an important
protective effect may be missed, while if the vaccine is ineffective the confidence limits on the
efficacy estimate may be too wide to rule out an important effect. Conversely, unnecessarily large
sample sizes waste resources, inconvenience the study population, and may endanger data quality.

Most trials have several objectives, and sample size computations should be carried out for
each of these objectives. A minimum requirement, however, is that the trial is large enough to
address the primary objective of the trial, and this is the main focus of this section. Sample size
for efficacy should be related to incidence of the primary objective and the need to show a
targeted efficacy (for instance, 80%) with 90% or 95% power.

In addition, the sample size should be large enough to assess for uncommon side-effects and
complications. This may require an additional trial with several thousand subjects, or a post-
licensing study.

As discussed in C.1.1, the primary objective of a Phase IIb/III trial is to evaluate the
protection conferred by the vaccine against a single primary efficacy end-point. This end-point
may be infection, mild disease, severe disease or death. In each case, the primary analysis will be
based on comparison of the incidence rate of this end-point (first or only occurrence) in the
vaccine and placebo groups.
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D. Criteria for the selection of study areas, and individual
background required

     1. Criteria for the selection of study areas

1.1  Operational criteria

Highly desirable characteristics of potential trial sites include:

(a) High risk for endemicity of all four dengue viruses; occurrence of DHF (if hospitalized
severe dengue including DHF/DSS is to be the primary end-point). It is not realistic to
expect all four dengue types to be transmitted actively in a single season, so observations
may need to continue for more than one year.

(b) Informed and firm commitment from national and local authorities to the conduct
of the trial. This will increase the likelihood that the results of the trial are used to plan
future dengue control strategies and will help in gaining the support and confidence of
both community participants and health professionals.

(c) Informed and firm commitment from the study population to the trial and the
associated investigations. This commitment should be obtained without “oversell”, to
avoid giving a false sense of security, which might delay public health measures such as
mosquito control. The conduct of a trial will involve the population in inconvenience,
including the donation of blood specimens. It will also be necessary to recruit key citizens
to assist in the collection of morbidity and mortality data.

(d) Maximal involvement of national research institutions with interested and
experienced national investigators and field and laboratory teams. If building up of
national experience is required, it should receive high priority.

(e) Availability of background data on the epidemiology of dengue. This will require the
presence of a good laboratory-based surveillance system that is capable of monitoring
the dengue virus serotypes that are circulating, as well as the incidence of mild/severe
disease. This is an important, if not critical, determining factor for selecting a site for
vaccine efficacy trials.

(f) Reasonable expectation of social and political stability at the national and local levels for
the duration of the trial.

(g) Low expected emigration rate for the duration of the trial (to minimize the attrition
rate).

1.2  Epidemiological criteria

It is preferable to conduct vaccine trials in geographic settings in which incidence is
sufficient to make efficacy relatively easy to measure and in which vaccination is likely to
be relevant to dengue control (the two criteria will not always coincide). Potentially
eligible situations are likely to be many and varied. Priority for vaccine trials should be
given to situations likely to give most information for a given investment.
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     2. Background information required (or desirable)

Background information is required to select high-risk sites for Phase III trials.

           2.1  Dengue haemorrhagic fever and dengue virus in the human population

The most important item of the whole background information is the expected
incidence of the primary efficacy end-point. This may be dengue or severe dengue
(including DHF).  It is crucial for the final adoption of the site and for calculation of the
sample size. Other dengue data (prevalence of each serotype, rates of infection,
specific mortality) will also be critical. Analysis of the dengue data by season will identify
the seasonality of transmission, which may affect the timing of vaccinations and surveys.
Analysis by age, sex, and possibly occupation may help determine whether man vector
contacts are mostly limited to schools, work places, homes, or other sites.

 2.2  Virus types and antibodies

(a)  This information will be needed to interpret serological responses of vaccinees and
the percentage of the population that is susceptible to infection with each of the four
dengue vaccine components. If only one or two serotypes are circulating, the efficacy of
the vaccine against the absent serotypes will not be determined. It will be necessary to
extend the trial until other dengue virus types have been introduced or conduct another
trial at a different site. Protection against one dengue virus does not necessarily mean
protection against different virus types.

(b) The diversity of genotypes represented in the virus population circulating in the trial
area is not indispensable, but might be important in interpreting risk of DHF before and
during the trial.

2.3  Health services

Health services should be documented. Dengue is mainly an urban disease and thus
often occurs in populations that have ready access to hospitals. Vaccine recipients should
have access to standardized medical care in the event that they develop dengue illness.
Recovery from DHF, particularly, is dependent on adherence to established WHO
clinical management guidelines. Coverage and quality of (a) services involved in the
diagnosis and treatment of dengue (uncomplicated and severe and complicated); (b) EPI
and mother and child health programmes (MCH) (if infants are the target group). If DHF
is the primary outcome, a good referral system and absence (or near absence) is
needed of private hospitalization,  unless included in the trial. Maternal and child health
resources are already overloaded by other health-related problems in dengue endemic
nations.

2.4  Other useful information

The prevalence of other infections and diseases that might alter responses to dengue or
vaccines. These diseases include, but are not limited to, Japanese encephalitis (in Asia),
yellow fever (in Latin America and Africa), and HIV/AIDS. Especially important to
document are the wide variety of other flaviviruses, some of which infect humans but
are not recognized as causing illness.
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E. Methods of measurement, implementation, analysis

     1. Data collection and measurement

The following aspects of measurement require critical review during the preparatory phase
of a trial: standardization of all field, clinical and laboratory procedures, including establishment of
Standard Operating Procedures (SOPs) and normal values; quality control monitoring in the trial;
reproducibility of measurements within and between field workers and at different times;
comparability of procedures and methods with other studies; sensitivity and specificity of
diagnostic methods; level of precision required for all measurements to be taken in the trial (not
necessarily the highest possible); minimization of the numbers of specimens (e.g. of blood) to be
collected; arrangements for the collection, transportation and preservation of specimens;
procedures for recording of data, for validation of data and for the analysis of results. All
procedures should satisfy the WHO Guidelines for Good Clinical Practice (WHO, 1995b), as
well as WHO Operational Guidelines for Ethics Committees that review Biomedical Research
(WHO, 2000).

1.1  Incidence of infection in man

Presumptive evidence of new dengue virus infections is obtained by serological tests. These
may be commercial or in-house assays. Enzyme immunoassay, immunofluorescence,
haemagglutination-inhibition, neutralization tests of acute and convalescent sera showing
4-fold or greater rise in antibody titer gives presumptive evidence of a dengue infection.
Dengue infection can also be diagnosed using the IgM capture EIA; IgM levels rise during
the week after acute primary infection and remain detectable for approximately six weeks.
Evidence of IgM seroconversion can be sought in convalescent sera taken 3-5 days apart.
Thus the finding of dengue-specific IgM in serum is presumptive evidence of a recent
flavivirus infection. However, the IgM response may be blunted if that individual had been
vaccinated earlier with a tetravalent virus vaccine. By using the ratio of the combination of
IgM and IgG ELISA, it is also usually possible to classify the patient’s infection as primary or
secondary. The HI test, if antibody titers are high and broadly cross-reactive, is also indicative
of secondary infection. Interpretation of serological reactions is complicated by cross-reactions
found among flaviviruses in all of the above serological tests. It is thus possible to make a
dengue serological diagnosis presumptively, but never definitively. Fortunately, in dengue
vaccine trials, a presumptive diagnosis is usually sufficient for analysis of data and drawing
conclusions. The term “clinically suspected” should be clarified; serological and virological
diagnosis should be encouraged and a good network of home-visitors can be used to
stimulate the collection of second (convalescent) samples.

It is usually possible to make a virologic diagnosis either by virus isolation or by RT-PCR, and
these should be attempted. Hospital-based studies with enrolment criteria of <72 hours
of fever (Vaughn et. al., 1997) and a school-based study where home visits were made
within a day or two of school absence (Endy, T., unpublished) had isolation/identification
rates near 100%. Thus it is possible in selected areas to identify virus-proven dengue as the
basis for the primary efficacy analysis and isolation AND seroconversion (>4 - fold increase)
as a secondary end-point. The virus is needed to document serotype-specific protection.
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1.2  Incidence of DHF and DSS

1.2.1 Case detection and diagnosis of DHF/DSS

Case detection should be largely laboratory based. One cannot wait until all criteria for
DHF are manifest to identify a case and decide to draw blood to confirm. By that time,
viremia will be over. DHF typically presents as an undifferentiated fever with the DHF
manifestation at the time of defervescence. Case detection should be something much
simpler than diagnosing DHF, such as any hospitalized child with “fever or a history of fever”
which triggers an acute blood draw, monitoring to determine disease severity, and
convalescent blood sampling. A possible problem with the above method of case detection
is that it is not specific enough. With 10% infection rates in a season, and half of infections
being subclinical, there will be hospitalized fever cases attributable to non-dengue causes
with incidental dengue virus seroconversion or even viremia. Those cases are likely to be
too few to confound the data, and cases with other possible causes of fever (e.g. UTI) could
be excluded from the efficacy analysis. Case finding will be the same for vaccinees and
controls.

Determination of DHF and DSS will depend on recognition of characteristic high fever,
bleeding diatheses, enlarged liver, and, as DSS, with circulatory collapse. The clinical case
definition is given in PAHO Scientific Publication No. 548 as follows:

“The following must all be present:
• Fever, or recent history of acute fever.
• Haemorrhagic tendencies, as evidenced by at least one of the following: positive

tourniquet test; petechiae, ecchymoses, or purpura; and bleeding from mucosa,
gastrointestinal tract, injection sites, or others.

• Thrombocytopenia (100,000 mm3 or less).
• Plasma leakage due to increased capillary permeability as manifested by at least
one of the following: hematocrit on presentation that is equal or greater than 20%
above average for that age, sex, and population; or commonly associated signs of
plasma leakage – pleural effusion, ascites, and hypoproteinemia.”

The clinical case definition for DSS is:
“All of the above-mentioned four criteria, plus evidence of circulatory failure manifested
by the following:
• Rapid and weak pulse; narrow pulse pressure (20 mm Hg or less) or
hypotension for age. In addition to meeting the clinical case definition of DHF or
DSS, laboratory confirmation of a dengue infection will be needed. Passive case
finding in the hospital setting will be adequate for a successful trial after having
instituted the dengue surveillance system”.

Trial managers must provide resources to permit objective measurement of abnormal
vascular permeability in hospitalized study cohort children. Such tests may include, but are
not limited to, chest X-ray or sonographic examinination of chest or abdomen.

1.3  Detection and investigation of cases

Passive detection of hospital admissions is the best approach.
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Typically one would select a test site in which the study cohort will have access to a
limited number of hospitals. All hospitals serving the catchment populations must be
selected to participate in the RCT.

It is essential that 24-hour/seven-days-a-week clinical cover is provided for this
surveillance system to be effective. As with the surveillance for other outcome measures,
the examining physicians should not be aware of the trial status of the child.

If the primary end-point of the Phase III trial is incidence of hospitalized dengue cases,
then a case will be defined as an admission with laboratory confirmation of dengue virus
infection.

Study design should include the provision to attending physicians and nursing staff of
standardized clinical record sheets.

A centralized laboratory should be used, if possible, for any clinical laboratory and dengue
diagnostic testing. All hospitalized cases should be studied and the notes reviewed after
discharge to classify borderline cases.

            1.4  Detection and investigation of deaths

Causes of death will be determined from hospital records and virological studies. All efforts
should be made to encourage parents of study participants to agree to post-mortem
examination. Post-mortem immunohistochemistry can establish the diagnosis and may be
accomplished using liver obtained by needle puncture.

1.5  Immune responses

The kinds of immune responses it is desirable to measure are considered above. The methods
to be used are outside the scope of this document, and will be selected on the basis of the
vaccine’s composition and the relevant literature, and through consultation with expert
dengue immunologists. Immune responses will usually be measured only in a population
sample, longitudinally, at selected times, e.g. immediately before the first vaccine inoculation,
shortly after the last vaccine inoculation, towards the end of the main transmission season,
just before the next season, and at the end of the trial. To study the correlation between
immune response and protection (see C. 1.2.2), it may be necessary either to measure
immune response to the vaccine in all subjects or to collect sera from all subjects following
the last dose of vaccine, but then analyse them on a case control basis.

1.6  Side-effects

Side-effects should be assessed in all phases of vaccine trials, and the assessment should
ideally be based on a comparison between the vaccinated and the controls. Most
information on immediate side-effects, local reactions etc. will have been collected during
the Phase 1and II studies. It may not be practicable to make detailed side-effects
observation during the Phase III trial because numbers are too large. Instead the Phase III
trial should concentrate on detecting any relatively uncommon events, for example,
acute DHF caused by the vaccine virus or others such as seizures after vaccination.
Adverse effects should be monitored in a large cohort of at least 5000 children to

19



TDR/IVR/DEN/02.1
Original: English

satisfy regulatory (licensing) agencies. Vaccinated and control (placebo vaccinated)
persons should be observed immediately after vaccination to identify acute reactions.
After that, the detection of side-effects can be done most readily by placing a project
worker in each study school or group. Current or past dengue infections may increase
the risk and severity of side-effects, so that early trials in non endemic countries may not
be adequate predictors. Delayed toxicity, including immunopathological phenomena,
may not become apparent for many months, and observations for side-effects must
continue beyond the period of vaccine protection. Both case detection and population
surveys should be used. The possibility of disease enhancement should be considered.

In susceptible children, dengue vaccines may increase the incidence of either severe
disease in children subsequently infected with dengue viruses or disease incidence
overall. Studies need to be designed to pick this up early, for example by reporting
regularly all deaths and/or all severe cases of dengue to the monitoring committee. The
need for haematological, immunological and biochemical examinations should be
assessed on the basis of earlier trials. All children must be bled at the time of being
vaccinated or receiving placebo.

A random sample of children receiving placebo must be re-bled at one year intervals for
at least three years to calculate specific dengue virus infection rates. This can most
conveniently be measured in children receiving placebo injections and without dengue
neutralizing antibodies in their pre-injection sera. Such studies will be necessary to
determine which dengue viruses have been circulating and thus provide an opportunity
to measure protective efficacy.

     2. Implementation action

Standard operating procedures for clinical investigators are described in generic terms in
document TDR/TDP/SOP/99.1 (WHO, 1999). This should be consulted before the clinical trial is
implemented.

2.1. Trial periods and calendar

The trial will proceed in 3 or 4 periods.

(a) Preparation period (about 1 year)

Surveillance will establish incidence of dengue and DHF/DSS and the virus serotypes
that are circulating. Other preparations will include activities to collect background
information (see above, D2); to finalize the study design, establish facilities, recruit and
train personnel, test and standardize all field, laboratory and data recording methods; to
prepare an analytic plan; and to prepare the community for the intervention study.

(b) Intervention and evaluation period

The duration of follow-up required, after completion of the immunization schedule, will
depend on the trial’s main objective and primary end-point, on the target group, and on
the local epidemiological situation. The duration most commonly recommended is one
year, although agreement may be obtained before the start of the trial to extend the
observation period longer if fewer than four serotypes circulate the first year. The longer
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period may give a definitive measure of efficacy against all four serotypes, and would provide
an observation of possible DHF in subjects with waning antibody.

           (c) Final analysis period

This period starts with the locking of the data set and the breaking of the code. It includes
final analysis, production of the final report and submission of a manuscript for publication.

2.2  Community preparation

The purposes of the trial and the methods to be used should be discussed with
representatives of the communities in which the trial is planned and those who will be
eligible for entry into the trial should be properly briefed on possible adverse effects of
vaccination and on possible benefits. It should be made clear that participation in the study
is voluntary and those refusing to participate will receive all their routine vaccinations and
will not be discriminated against in any way. Arrangements for informing the community of
the results should be agreed upon. The community should be aware that the possible
beneficial effects of the vaccine are for the individual vaccinee; community benefits, such as
decrease in transmission of dengue, are likely to be achieved only if a high proportion of
the population participates.

2.3 Vaccination

(a) Exclusions

As far as possible, the trial should not exclude any persons who would be likely to receive
vaccination if the vaccine were eventually introduced into a control programme. It would
be prudent, however, to exclude from an initial trial those likely to respond adversely to
vaccination or liable to develop episodes of illness which might be difficult to distinguish
from adverse reactions. In addition to those who refuse to participate in the trial, it is
strongly recommended to exclude individuals suffering from any severe acute illness at the
time of vaccination. It may also be advisable to exclude those suffering from any severe
chronic disease or from severe malnourishment (to be defined, since about 40% of Asian
children are “under-weight”), or giving a history of severe allergic reactions. The criteria
for exclusion should be clearly spelt out in each trial. If substantial numbers of individuals
are excluded, an effort might be made to vaccinate them at a later date.

            (b) Season of vaccination

Study participants must receive their last dose of vaccine before the beginning of the rains.
Normal programmes for the control of mosquito vectors should be maintained during the
vaccination and follow-up period.

            (c)  Vaccine coverage

Use of a single age cohort should reduce dengue virus transmission less than 5%.

            (d) Choice of a control intervention

The control intervention may be a placebo where the national authorities consider
this ethical. Another vaccine such as Hemophilus influenza B, hepatitis B, or varicella
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can be considered in place of a placebo because these will offer a benefit to the
control subjects. The best placebo is probably a preparation containing all the
vaccine ingredients, with the exception of the antigen(s). The vaccine’s carrier (and
adjuvant if present) would thus be included in the placebo. In principle, all of those ingredients
have passed extensive safety testing. Once a vaccine of a certain type, e.g. an attenuated
tetravalent dengue vaccine, has demonstrated efficacy, it is likely to become ethically required
to test new vaccines, of a similar type, against thatvaccine, rather than against a placebo. This
will increase the required sample size (see A 2.1, last paragraph). This should be weighed
against the possibility that such a control intervention might affect the measurement of trial
end-points.

2.4  Data and Safety Monitoring Board

An independent Data and Safety Monitoring Board (DSMB), including a clinical monitor
should be appointed for the trial (see Smith and Morrow, 1996). This should be an
independent group that can perform an interim analysis and review adverse event data.
The trial staff should monitor to testify that the trial protocol has been properly followed
and that relevant quality control procedures have been operating for the duration of the
trial. The Monitoring Board should meet regularly and be set up before the trial begins
rather than once it has started, as unfortunately is often the case (also, trials in which this
has not been done have often been those which have given rise to greater controversy).

2.5  Data management

Data should be recorded in hospital and clinic records, and the laboratory results in
bound notebooks. These data should be transferred into electronic format. An
experienced data manager should supervise the recording, keeping in mind that the trial
is blinded and the data should be maintained so that the trial team does not have access
to the code. Electronic data sets should be designed to be interactive so that laboratory
data can be analysed with demographic and clinical data. The data should be made
available to vector control authorities.

2.6  Provision for stopping the trial

Provision should be made to stop vaccination at once if it produces an unacceptable
number of serious adverse reactions. Advising in these circumstances would be one of
the major responsibilities of the Data and Safety Monitoring Board. In addition, the
analytic plan (see below) may include one or more interim analyses, which may also
provide for stopping the trial under specified conditions.

An interim analysis may be appropriate if an inordinate number of cases of DHF or death
occur during the course of the study. If these are occurring predominantly in the control
arm, the DSMB could consider whether the vaccine should be provided to the control arm
in a cross-over fashion. Alternatively, if they are occurring predominantly in the vaccinated
group, the DSMB may institute precautionary measures to ensure that all vaccinated
individuals are adequately instructed to seek medical care at the earliest sign of symptoms.
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     3. Data analysis

Appropriate methods for the statistical analysis of randomized controlled trials of dengue
vaccines are essentially the same as for randomised controlled trials of other drugs and vaccines.
However, issues specific to dengue vaccines arise because:

(1) With a tetravalent vaccine, efficacy may be shown for one or more of the four
components, but not for all.

(2) A large number of subsidiary questions might be addressed in a dengue vaccine trial.

The investigators should prepare an analytical plan specifying the primary analysis of efficacy
and safety, prior to the breaking of the code. This addresses the issue of multiple outcome
variables by denoting one primary end-point only, in such a way that it is clear that the results
themselves have not influenced the choice of this measure. The analytical plan should also detail
the inclusion criteria, the case definition to be used, and the methods of data analysis.
The first analysis should be the comparison of vaccine and placebo recipients with respect to
their baseline characteristics. Variables included in the analysis should include: age, sex, initial
dengue immune status, and area of residence.

In trials with an adequate sample size, random allocation is likely to achieve comparable
groups. For this reason, the primary analysis of protective efficacy should not require any
adjustments for baseline differences. In assessing comparability, more emphasis should be given to
the size of any differences than to statistical significance, since it is the former that affects the
degree of confounding. It is recommended that the investigators should specify in the analytical
plan the magnitude of differences or the extent of confounding which will be considered
important. If important imbalances are detected, the results should be adjusted for these
differences by stratification or by using regression methods. These adjustments will not be
primary, but they can be examined as secondary or supplemental end-points and are likely to be
very important in the case of dengue.

It will usually be appropriate for the primary analysis to include all individuals who received
the full vaccination schedule of either vaccine or placebo, with the exception only of any who
were included in error (e.g. people who were subsequently found to have been ineligible
because of errors in dates of birth or residency). Alternatively, the analysis may include those
who did not receive the full course including those who withdrew because of side-effects.
Vaccine efficacy is then calculated using a standard formula as:

VE 100 x (I – r1/ro)%

where r1 = incidence rate in vaccine group and
ro = incidence rate in placebo group.

Children who are lost to follow-up, who withdraw, or who die, should be included up to the
date of loss, withdrawal or death. Poisson regression may be used to obtain a confidence interval
for the vaccine efficacy, and if indicated, to adjust for important imbalances.

It is possible (but unlikely) that some subjects in a trial may experience more than one
clinical DHF/DSS episode. In subsidiary analyses it will be of interest to compare overall incidence
rates between vaccine and placebo groups. This introduces several complications into the analysis,
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F. Ethical considerations

Trials of dengue vaccines are subject to the same ethical constraints as are trials of any new
vaccine. The design and implementation of a trial should conform to both national regulations
and requirements and international ethical standards. These are outlined in WHO Guidelines for
Good Clinical Practice (GCP) for Trials on Pharmaceutical Products (WHO, 1995b), in
International Ethical Guidelines for Biomedical Research Involving Human Subjects (Council of
International Organizations of Medical Sciences, CIOMS, Geneva, 1993) and in WHO
Operational Guidelines (2000). In countries where national regulations or requirements do not
exist or require supplementation, relevant government officials may designate or adopt, in part or
in whole, the WHO GCP as the basis on which clinical trials will be conducted. Prior to
implementation, the study design must be reviewed by a properly constituted local and/or
national ethics committees, which must include representatives of the groups to be vaccinated,
responsible health authorities, and technical experts. There must be informed consent from those
who participate in the trial and a written statement must be made of how it is to be obtained,
even if it is not proposed that written consent is to be given by individual participants. There
must be no pressure to participate and no difference between services offered to acceptors and
non-acceptors. Health services for treatment of possible vaccine-related reactions and dengue
infection, and adequate referral and follow-up capability must be available. A data and safety
monitoring board should be constituted and an independent clinical monitor should be
designated and given the authority to break the trial code for any of the individuals or
communities involved, and recommend that vaccination be stopped should there be severe
adverse reactions associated with the vaccine. (For more details see WHO, 1995b).

       Before embarking on a field trial, an assessment of the safety of a candidate vaccine will have
been made in subjects from both non-endemic and endemic areas. Only those candidate
vaccines that have acceptable levels of safety and are produced according to internationally
recognized manufacturing practices, such as those recommended by WHO (WHO, 1992b),
should proceed to community-based trials.

and it is not recommended that the primary analysis of efficacy should include multiple events for
single individuals. Testing for statistical significance and deriving confidence intervals on the
estimates of vaccine efficacy is not straightforward in this case. The usual statistical inference for
comparisons of rates is appropriate for multiple episodes only if it is reasonable to assume that,
once a subject has experienced one or more episodes he or she is no more or less likely to
experience another episode, than those who have experienced no episodes up to that time in
the same group (vaccinated or unvaccinated). This assumption is rarely valid, as susceptibility to
disease events is usually very heterogeneous between individuals in a community, even among
those of the same age and sex. The appropriate statistical analysis will depend on the extent of
this heterogeneity in susceptibility.

       In a dengue vaccine trial there are likely to be many supplementary questions of interest,
particularly if the vaccine shows a substantial efficacy. A range of data analysis techniques will be
needed to address effects on secondary end-points, such as viremia or dengue fever, on side-
effects, or on immune responses and it is not possible to specify in advance what are likely to be
the analyses of particular interest. In reporting the results of these supplementary analyses,
particularly those based on subgroup analyses, caution will be needed in view of the large
potential number of comparisons. It is important to remember that isolated significant results
may well be the result of chance unless P values are extremely small. A precautionary approach
demands that substantial weight should be attached to such results only if they relate to adverse
effects of the vaccine.
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     Prior presumption of vaccine efficacy is desirable, but, in certain cases, the decision to embark
on a field trial may have to be based on a relatively weak presumption. Earlier field trials with the
same vaccine may have demonstrated efficacy against natural challenge, in a different population
or target group. Artificial challenge (Phase IIb) trials may have demonstrated efficacy against
artificial challenge, but such trials are likely to be available only for some vaccines. A functional
immunologic test such as the plaque reduction neutralization test, may give a strong presumption
of efficacy acceptable for dengue vaccines.

Ethical considerations may affect the selection of trial communities, end-points or study
design. Trials of dengue vaccines should be carried out only in communities that are likely to be
included in vaccination programmes, should the vaccine prove effective. The manufacturer should
commit to making the approved vaccine available post-trial. The cases of disease (even mild or
incipient) detected as a trial’s end-point must be treated. As long as efficacy against natural
challenge has not been demonstrated for any dengue vaccine component, in the target group
considered, there should be no ethical objection to a double-blind randomized controlled (DB-
RCT) design. To the contrary, other designs are ethically questionable, to the extent that they are
likely to give ambiguous, i.e. useless, results.

25



TDR/IVR/DEN/02.1
Original: English

References

Aylward, B., Kane, M., Batson, A., and McNair, S.R. (1994) A framework for the evaluation of vaccines
for use in the Expanded Programme on Immunization, Vaccine 2;1155-1159.

Burke D.S., Nisalak A., Johnson D.E., Scott R.M. (1988) A prospective study of dengue infections in
Bangkok. Am.J.Trop. Med. Hyg. 38:172-180.

Council of International Organizations of Medical Sciences (2002)
International Ethical Guidelines for Biomedical Research involving human subjects. CIOMS,
Geneva.

European Agency for the Evaluation of Medicinal Products. (1999).
           Note for guidance on clinical evaluation of new vaccines, (CPMP/EWP/463/97).

Graham R.R., Juffrie M., Tan R., Hayes C.G., Laksono I., Ma’Roef C., Sutaryo E., Porter K.R., Halstead
S.B. A prospective seroepidemiologic study on dengue in children four to nine years of age
in Yogyakarta, Indonesia. I. studies in 1995-1996. Am. J. Trop. Med. Hyg. 61, 412-419.

Griffiths, E. (1988) Efficacy of whole cell pertussis vaccine. In: Pathogenesis and immunity in pertussis.
A.C. Wardlaw & R. Parton (eds.), pp. 353-374.

Griffiths, E. (1996) Assuring the quality of vaccines. Regulatory requirements for licensing batch
release. In: Methods in molecular medicine: vaccine protocols. A. Robinson, G. Farrar and
C. Wiblin (eds.), pp. 269 288.

Halstead S.B., Scanlon J.E., Umpaivit P., Udomsakdi S. (1969) Dengue and chikungunya virus infection
in man in Thailand, 1962-1964. IV. Epidemiologic studies in the Bangkok metropolitan area.
Am. J. Trop. Med. Hyg. 18, 997-1021.

Natth, B. and Yoksan, S. (1997) Live attenuated tetravalent dengue vaccine. In: Gubler, D.J. Dengue
and Dengue Hemorrhagic Fever, CAB International, Wallingford, UK.

PAHO (1994). Dengue and Dengue Haemorrhagic Fever in the Americas: Guidelines for Prevention and
Control, Scientific Publication No. 548.

Sangkawibha N., Rojanasuphot N.,  Ahandrik S.,  Viriyapongse S., Jatanasen S., Salitul V., Phanthumachinda
B., Halstead S.B. (1984) Risk factors in dengue shock syndrome: a prospective epidemiologic
study in Rayong, Thailand. I. The 1980 outbreak.

 120, 653-669.

Smith, P.G. & Hayes, R.J. (1991) Design and conduct of field trials of malaria vaccines. In: Targett G.A.T.
(ed.) Malaria: Waiting for the Vaccine. Wiley & Sons, pp.199-215.

Smith, P.G. & Morrow R.H., (1996) Field trials of health interventions in developing countries: a
toolbox. Smith P.G. and Morrow R.H. (eds.)

Vaughn, D.W., Green, S., Kalayanarooj, S., Innis, B.L., Nimmannitra, S., Suntayakorn, S., Rothman, A.L.,
Ennis, F.A., Nisalak, A. (1997) Dengue in the early febrile phase: Viremia and antibody responses,
J. Infect. Dis. 176: 322-330.

26



WHO (1985) Principles of malaria vaccine trials: Report of a joint meeting of the Scientific Working
Groups on Immunology of Malaria and on Applied Field Research in Malaria. (TDR/IMMAL/
FIELDMAL/VAC/85). WHO (1986a). Guidelines for the epidemiological evaluation of
Plasmodium falciparum sporozoite vaccines. (TDR/MAP/SVE/PF/86.5.)

WHO (1991) Guidelines for assuring the quality of pharmaceutical and biological products prepared by
recombinant DNA technology. Annex 3. WHO Technical Report Series, No. 814.

WHO (1992a) Guidelines for community based trials of vaccines against the sexual stages of malaria
parasites. ( TDR/CTD/TBV92).

WHO (1992b) Guidelines for national authorities on quality assurance for biological products. WHO
Technical Report Series No. 822.

WHO (1992c) Good Manufacturing Practices for Biological Products. Annex 1. WHO Technical Report
Series, No. 822.

WHO (1993) Framework for evaluating a vaccine for the EPI. (WHO/EPI/GEN/93.5).

WHO (1995a) Regulation and licensing of biological products in countries with newly developing regulatory
authorities. Annex 1. WHO Technical Report Series, No. 858.

WHO (1995b) Guidelines for Good Clinical Practice (GCP) for Trials on Pharmaceutical Products. Annex
3. WHO Technical Report Series, No. 850.

WHO (1997) Guidelines for the Evaluation of Plasmodium, falciparum Vaccines in Populations Exposed
to Natural Infection. (UNDP/World Bank/WHO/TDR/ MAL/VAC/97).

WHO (1998a) Guidelines for use of animal cells as in vitro substrates for the production of biologicals.
WHO Technical Report Series No. 878.

WHO (1998b). Guidelines for Assuring the Quality of DNA Vaccines. WHO Technical Report Series,
No. 878.

WHO (1998c) Recommendations for the production and control of yellow fever vaccine. WHO Technical
Report Series, No. 878.

WHO (1999) (TDR/TDP/SOP/99.1).

WHO (2000) Minutes of the Sixteenth Meeting of the Dengue and Japanese Encephalitis
Vaccine Task Force.

WHO (2000b) Operational Guidelines for Ethics Committees that Review Biomedical Research.

WHO (2001a) Draft Guidelines for the Clinical Evaluation of Vaccines: Regulatory Expectations.
           (BS/01/1940).

WHO (2001b) Guidelines for the production and control of live attenuated Japanese encephalitis vaccine.
WHO Technical Report Series.

27



TDR/IVR/DEN/02.1
Original: English

Annex 1: Contributors

The following persons contributed comments and suggestions to date. Some drafted specific sections
of the document. R.E. Shope drafted the remainder of the document, and revised it on the basis of
the other inputs. M.P. Kieny was the WHO/TDR coordinator and H. Engers ably produced the
manuscript. It should not be assumed that all the persons listed below agree with all the opinions
expressed in the document.

Natth Bhamarapravati, Vincent Deubel, Francis Ennis, Maria Guzman, Jean Lang, Jean-Francois Saluzzo,
David Vaughn, Thomas Monath, Scott Halstead, Mammen Mammen, Leonard Markoff, Yuri Pervikov,
Duane Gubler, Bruce Innis, David Wood, S.K. Lam, Mary Ann Lansang, and Jane Cardosa.

28



TDR/IVR/DEN/02.1
Original: English

TDR/IVR/DEN/02.1
Original: English

U N D P / W o r l d  B a n k / W H O

Special Programme for Research and
Training in Tropical Diseases (TDR)

Mailing Address:
TDR
World Health Organization
20, Avenue Appia
1211 Geneva  27
Switzerland

Street Address:
TDR
Centre Casai
53, Avenue Louis-Casai
1216 Geneva
Switzerland

Tel.: (+41) 22 791-3725
Fax: (+41) 22 791-4854
E-mail: tdr@who.int
Web: www.who.int/tdr




