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1. INTRODUCTION

More than five million children still die each year from infectious diseases in the developing
world. o

Some of these diseases are preventable by vaccination at an early age. This is the case for
poliomyelitis, diphtheria, tetanus and measles. The efficacy of prevention largely depends
on the extent of the vaccine coverage achieved in populations at risk, and considerable
progress has been made in the last ten years due to the joint efforts of UNICEF and WHO
(Expanded Programme on Immunization (EPI)).

There are three main vaccine related factors which limit the impact of immunization
programmes: N

Many existing vaccines require repeated administration, often by injection. ‘This is very
costly due to the need for trained personnel and the appropriate material. It is also a
major cause of “drop-outs” from the vaccination programmes. Inmany areas, between
thirty and fifty per cent of children who receive a first injection of vaccine do not
complete the course of immunization and therefore are not fully protected.

A number of existing vaccines canmot offer optimal protection in the environmental and
epidemiological conditions encountered in many developing countries (e.g. measles,
poliomyelitis, meningitis, tuberculosis).

No vaccine yet exists to protect against some of the major infectious diseases which
prevail in developing countries (e.g. dengue, hepatitis A and hepatitis non-A, non-B).
These diseases are not covered by the other WHO programmes with vaccine compo-
nents (Diarrhoeal Diseases Control (CDD); Special Programme for Research and
Training in Tropical Diseases (TDR)).
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WHO’s efforts in the areas of vaccines and vaccinology aim to solve some of these problems.
The WHO programme in this area has two components:

vaccine development;
transdisease vaccinology.-

The first component (vaccine development, PVD) deals with the improvement of major
vaccines to meet the special needs of developing countries in controlling the following
diseases: poliomyelitis, meningitis, tuberculosis (in coflaboration with the WHO Tuberculo-
sis unit) and Japanese encephalitis. It also aims to develop new vaccines for major diseases
which are not yet easily prevented: dengue, hepatitis non-A, non-B, and hepatitis A, acute
respiratory viral infections (in collaboration with the Programme for Control of Acute
Respiratory Infections). This component was initiated in 1984 and is now reaching the stage
where some vaccine trials can be envisaged in the near future.

The main objective of the second component (transdisease vaccinology, TDV) is to develop
new approaches to vaccine development, which will be applicable to most vaccines, to ease
their delivery and to improve their efficacy. This includes, for example, the development of
controlled-release systems for vaccine delivery, which would allow immunization with one
single administration rather than through repeated injections. It also comprises the devel-
opment of vaccines which could be given orally, possibly using live vectors, and of substances
(adjuvants) which increase the immunogenicity of vaccines.

"The WHO Programme on Vaccine Development and Transdisease Vaccinology are both
managed by the WHO Microbiology and Immunology Support Services (MIM), in the
Division of Communicable Diseases (CDS), with the advice of external scientists
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2. BACKGROUND AND
INTERACTIONS WITH OTHER
WHO PROGRAMMES

21 BACKGROUND OF PVD/TDV

The Programme for Vaccine Development (PVD) was established in 1984 with the aim
of exploiting recent advances in biotechnology and immunology to generate new -
vaccinestofill the gap in the prevention of those major infectious diseases forwhich there
was an urgent need for appropriate or improved vaccines and which were not covered
by TDR or CDD. ‘

The diseases which were initially selected as targets for the PVD were chosen for their . .
importance as public health problems in developing countries and because of the lack of
coordinated research efforts aiming at the development of corresponding vaccines.
They are responsible for several million child deaths annually.

Three viral and two bacterial diseases or groups of diseases were initially chosen after
careful consideration of many factors, including their global importance, studies in
progress elsewhere, estimates of the time required to develop a vaccine and the funding
required. A major consideration was that they were not covered by already existing
WHO research programmes.

Research is now supported aiming at the development of (a) improved vaccines to fit the
specific needs of developing countries (e.g. polio, tuberculosis, meningitis); (b) new
vaccines against major infectious diseases which are not yet preventable by immuniza-
tion and are not covered by other WHO programmes (e.g. acute respiratory viral
infections, dengue, hepatitis A, hepatitis non-A, non-B). It is intended that these
vaccines shall eventually be incorporated into the Expanded Programme for loomuniza-
tion. The list of diseases can be changed periodically according to need, as recommended
by the Scientific Advisory Group of Experts (SAGE) which reviews the Programine.
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In 1988, another component was added to those activities: Transdisease Vaccinology. This
extension was part of the WHO response to a request from some members of the Task Force
on Child Survival.

The Task Force on Child Survival comprising UNDP, UNICEF, WHO, the Worlkd Bank and
The Rockefeller Foundation, has as its aim the catalysation of efforts to accelerate the
immunization progress at the country level and to promote research and development which
would help in achieving the goals of EPL

The Task Force drew up a list of priority research areas grouped under the headings of
engineering, biochemical and field research. Of the Task Force members, WHO had the
best technical and institutional basis for managing such research, and it was agreed that
WHO should establish mechanisms and solicit funds to support research and development
in the field of vaccinology, covering the following areas: (1) epidemiology, (2) bioengineering
and (3) basic vaccinology. The “Bellagio III” meeting held in Talloires, France in March
1988, strongly supported research aiming at improving the efficiency of existing vaccines and
the immunogenicity of newly developed vaccines.

The third area assigned to WHO - basic or transdisease vaccinology, encompasses a broad
field and includes laboratory research directed towards improving the immune response 10
vaccines and the development of single-dose vaccines. Success in this project will lead to
improved and more effective population coverage by EP1 at a reduced cost. The consequent
reduction in disease and premature death will reduce the pressure on public health
authorities in developing countries and eventually contribute to the developmental process
in many countries.
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2.2 SCOPE OF ACTIVITIES OF PVD/TDV IN RELATION
TO OTHER WHO PROGRAMMES

Several WHO Programmes are concerned with the use or the development of vaccines.
Programmes whose aim is to prevent infectious diseases are presented in the attached

SCOPE
OF VACCINE-ORIENTED
WHO PROGRAMMES

expanded programme of
immunization

control of ;

diarrhoeal

parasitic diseases
diseases "
acute ‘
respiratory

infections

leprosy

VACCINE DEVELOPMENT TRANSDISEASE VACCINOLOGY

vaccine design for
-ease of delivery
-increased efficiency

viral diseases
bacterial diseases
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The EP] is assisting countries in establishing immunization coverage for the 6 most common
childhood diseases. These are diphtheria, polio, tetanus, pertussis, tuberculosis and measles.
It is foreseen that other essential vaccines might be added to that list in the future, depending
on their availability at an affordable cost. EPI is represented in all coordination meetings of
PVD/TDV and plays an important role in defining its priorities in relation to the real needs.

The Special Programme for Research and Training in Tropical Diseases (TDR) is support-
ing research on selected parasitic diseases and leprosy. Because of the similarity between M.
Leprae and M. Tuberculosis, the programme on tuberculosis within the PVD and the
Immunology of Leprosy (IMMLEP) component of TDR are being closely coordinated.

The Diarrhoeal Disease Control Programme (CDD) and the Control of Acute Respiratory
Infections (ARI) bave a vaccine development component. They cooperate closely with the
Programme for Vaccine Development in the area of acute respiratory viral infections. PVD
is conducting research on vaccines against meningitis cavsed by encapsulated bacteria and
on the induction of immunity at mucosal surfaces. This research should also directly
contribute to the development of second generation vaccines against diseases of interest to
ARI such as bacterial pneumonia. ARIwould then take the responsibility of the implemen-
tation of the clinical trials for such new vaccines.

Activities under the Transdisease Vaccinology component of the Programme are also of
interest to TDR and CDD/ARI, as well as to the Global Programme on AIDS (GPA) , which
is obviously concerned with vaccines which might prevent HIV infection, and for the Special
Programme of Research, Development and Research Training in Human Reproduction
(HRP) which is pursuing the development of vaccines to control fertility.

Regular internal meetings are organized in WHO to ensure the coordination of those
different programmes.

10
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3. GENERAL DEFINITION OF
THE PROBLEM

It is recognized that the most cost effective approach to control major infectious diseases
affecting children in the developing world is the extended use of appropriate vaccines.
Therefore, the establishment of national immunization programmes plays an essential role
in the fight against killing infections. In addition to operational problems, a number of
technical factors are still limiting the potential impact of child immunization.

31 THE LACK OF SOME ESSENTIAL VACCINES

It is obvious that only those diseases for which an effective vaccine already exists can be
prevented and, unfortunately, most efforts in the area of vaccine development have been
geared to the prevention of diseases which affect populations living in the industrialized
world. No vaccine yet exists to protect against some of the major infections diseases which
particularly affect developing countries where several hundred million cases are reported
annually (e.g. dengue, hepatitis A, hepatitis non-A, non-B, respiratory syncytial virus infec-
tions). These diseases are not covered by the other WHO programmes with vaccine
components [Diarrhoeal Diseases Control (CDD); Special Programme for Research and
Training in Tropical Diseases (TDR)].

3.2 THE LACK OF VACCINES FULLY ADAPTED TO THE
SPECIFIC NEEDS OF DEVELOPING COUNTRIES

It would now appear that several vaccines which are highly efficient in preventing discases
in the industrialized world are not optimally adapted to conditions encountered in m.'emy
developing countries. For example:

(a) Existing vaccines against poliomyelitis or tuberculosis which have been
very successful in many developed countries do not appear optimal to fight these diseases
in developing countries. This is due to environmental and socio-economic factors, to-
gether with vaccine-related factors, (e.g. lack of stability at relatively high temperatures).

11
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(b) In developed countries, measles vaccine used after the age of 12 months has
resulted in considerable decline of the disease incidence. However, in some countries the
epidemiological pattern of measles changed considerably, including the shift in age distribu-
tion of measles cases to older ages, and occurrence of the cyclic epidemic waves after long
periods of a low disease incidence. In most developing countries, measles still occurs before
12 months of age, and even before the age of 9 months, which is the age recommended by the
EPI for routine immunization in developing countries. Thus, even in areas with good
coverage by EPL, measles still claims a large number of young childrens’ lives. There is an
urgent need for a new vaccine that can be given at four months of age. The situation is very
similar for vaccines against bacterial meningitis. Fxsting polysaccharide vaccmes are
efficient prophylactics against bacterial meningitis in older children and adults but are of a
questionable value in children helow 2 years of age who are the most susceptible to the lethal
bacterial meningitis.

(c) The cost of some existing vaccines can hamper their extensive use in developing
countries, 1.e. for vaccines against viral hepatitis or viral encephalitis.

3.3 VACCINE-ASSOCIATED FACTORS LIMITING THE
EFFICIENCY OF VACCINATION IN DEVELOPING COUNTRIES

Itis difficult to achieve complete vaccine coverage of the population at risk. This isdue partly
to the difficulty of access to all children at risk but also to factors depending on the particular
requirements for successful vaccination against infectious diseases prevailing in developing
countries.

(a) Many existing or newly developed vaccines require repeated administration m
order to achieve cffective protection (e.g. tetanus, diphtheria, hepatitis B, polio). This
requirement frequently hampers the full coverage of the population at risk and represents
an important economic burden for the public health services in developing countries. The
example of tetanus is striking: approximately 800,000 nconates still die each year of tetanus
in developing countries, due to perinatal contamination. This can be drastically reduced by
immunizing every pregnant woman or all women of childbearing age, however this requires
at least two injections. It is evident that effective prevention of this disease could best be
achieved by a vaccine which would require only a single administration.

(b) The need to administer many vaccines by injection through the skin is a2 constant
problem for public health services and frequently represents an obstacle to full population
coverage. It also creates the risk of disease transmission if needles, syringes or injectors are
notcorrectly used. For all these reasons, easier systems of delivery are urgently required. For
example, vaccines which could be given by the oral route to achieve systemic immunity
against diseases such as tetanus, pertussis, diphtheria or tuberculosis would have advantages
over the existing vaccines.

(©) Several existing vaccines and many new candidate vaccines are still sub-optimal.
Increased efficacy is particularly important in the case of (i) vaccines which should induce
immunity at mucosal surfaces, (ii) sub-unit vaccines and (iif) poorly immunogenic vaccines.
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(i) It is still difficult to control many infections caused by microorganisms which
enter the human host through mucosal barriers. It is often essential to induce
protective immune mechanisms at the very site of entry, i.e. at the mucosal
surfaces. Only a few vaccines have been developed which can achieve such
mucosal immunity and there is a real need to develop new physico-chemical or
bioengineered delivery systems applicable to this class of vaccine.

(ii) Another problem common to many new candidate vaccines, particularly sub-
unit vaccines which are based on the use of synthetic peptides or purified
polysaccharides, is the lack of appropriate immunogenicity. There is a lack of
knowledge concerning the optimal carriers (proteins or small peptides) tobe used
as conjugates with sub-unit vaccines to obtain sufficient immune responses and
the duration of the immunity conferred by vaccination is often limited. The
induction of effective immunity also requires the generation of immunological
effector mechanisms adapted to the infectious target.

(iif) There is also a need for developing new strategies of vaccine design in order
to potentiate the efficiency of many vaccine candidates. There are now new
immunological adjuvants designed to be incorporated into vaccine preparations
but their relative efficiency as potentiators of the immune response has not yet
been fully assessed. Furthermore, live viruses (e.g. Vaccinia, adenovireses) and
live bacteria (e.g- non-pathogenic Salmonella or BCG) can now be genetically
engineered to serve as vaccine vehicles, but their relative efficiency and safety
should be assessed and improved.

13-14
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4 OVERVIEW OF ACTIVITIES

M :

4.1 GENERAL OBJECTIVES AND
MAIN ACTIVITIES

The main objectives of PVI)/TDV are:
Under PVD:

(a) to improve existing vaccines to fit specific needs of developing countriés
(b) develop new vaccines for diseases particularly affecting developing coun-
tries E

Under TDV:

(a) develop vaccines easier to deliver
(b) develop systems to increase vaccine efficacy

15
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4.1.1 IMPROVEMENT OF EXISTING VACCINES TO FIT
SPECIFIC NEEDS OF DEVELOPING COUNTRIES

Onthe basis of the needs previously expressed by EPY, the priority has been given in the initial
phase of the Programme to the development of three vaccines: polio, tuberculosis and
bacterial roeningitis. The addition of measles is now being considered in view of recent
results indicating its feasibility and of the need to protect very young children against this
disease,

The specificstrategic plans set up by each steering committee are summarized in table 1. The
general approach has been, first to stimulate basic research to identify the most efficient way
to improve existing vaccines using the most recent development in biotechnology and
immunology.

Specific approaches were adapted to each target disease. Usually, recombinant DNA
technology, peptide synthesis and epitope analysis were applied to the isolation, characteri-
zation and production of molecules with potential protective value. In parallel, genetic
engineering was applied to the generation of live vaccines. Side-products of these research
efforts are new immunological reagents or nucleic acid probes which represent useful tools
for the rapid diagnosis of those infectious diseases.

TABLE 1
OBJECTIVE ONE (PVD)
IMPROVE EXISTING VACCINES TO FIT SPECIFIC NEEDS OF
DEVELOPING COUNTRIES

FLAN OF ACTIVITIES

NEW POLIO VACCINE TUBERCULOSIS VACCINE BACTERIAL MENINGITIS
T
7 analyse genes éﬁﬁ;ﬁ epliope analysis characierize epiiopes
and cpilopes b (MADs, T clones)

new conjugaie vaccines

engineer new gene cloning and (meningitis A-C)

1 virnses 2| genomic analysts
— ] 4+  ouler membrane vac-
'3, wemcrale heat- [772 ] gene probes 70 cipes (menlngltis B)
7 stable vaccine 1 (dingnosis)
S 4 live vecior-based
4| decrease reversion “ 7] anligen production vaceines
' o virnlence 1 (recombinant DNA-
g iechnology) 5| trials
‘ 5 multivalent polio —
- vaccine engineer BCG
€& triak 6 trials

IN PROGREBS

%/ng//f%@ ACHIEVEMENTS
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At the present stage, the main achievements in these three ficlds are expected to lead to the
following concrete outputs:

(a)  Polio(within 3 years)

. development of a beat-stable vaccine
. use of new diagnostic probes (as a side-product of
vaccine-oriented research)

at a later stage (5 to 6 years):

. more efficacious oral polio vaccine
. decrease of side effects

(b) Tuberculosis (2 years)

. use of antigens produced by genetic engineering (rec-ag) and of
specific gene probes for diagnosis of tuberculosis

. animal testing of rec-ag, of engineered vaccinia and of
engineered BCG for protective efficacy

(c) Bacterial meningitis (2 years)

. final stage of the development of a conjugate vaccine against
to meningococeal A-C infection; assessment of protective
efficacy in human trials

. development of vaccine against meningococcal B infection, based
on the use of membrane proteins

. use of a monoclonal antibody kit (developed as a side-product
of the programme) for disease surveillance (strain
characterization)

17
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TABLE 2
OBJECTIVE TWO (PVD)

DEVELOP NEW VACCINES FOR DISEASES
PARTICULARLY AFFECTING DEVELOFPING COUNTRIES

PLAN OF ACTIVITIES

ACUTE RESPIRATORY DENGUE AND JAPANESE VIRAL HEPATITIS

VIRUSES ENCEPHALITIS
1 | analyse genes and ff;ﬁfﬁ define protective HEPATITIS A
epitopes | antigens

| (RSV,PI3) . : penomic analysis

' ¢ clone genes

/ |define protective | 7 enhance growth in

antigens '3 | produce protective . cell culture

3. | produce antigens (recDNA technology) | protective epitopes
| (recDNA technology) attennated vaccine ——
-4 | protein-based RSV 4| engineer live engineer attenuated
| vaccines attenuvated vaccines vaccines

5 | live-vector based 5 ftrials 5 vaccine trials

- | RSV vaccines

S HEPATTTIS nonA., non-B
6 | trials
1] genes and antigen

characterization
2 probes
3 vaccines
| ACHIEVEMENTS
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412 DEVELOPMENT OF NEW VACCINES FOR DISEASES
PARTICULARLY AFFECTING DEVELOPING COUNTRIES

Three groups of viral diseases have been given priority, in view either of their importance on
aworld-wide basis or of their high prevalence inasignificant number of developing countries.

The general approach used for the development of each vaccine has a number of common
features: characterization of the viral genome, definition of molecules appearing as
potential protective antigens, production of these antigens by recombinant-DNA technol-
ogy and engineering of attenuated viruses as candidate vaccines.

The specific stategic plans are summarized in table 2.

At the present stage, the main achievements in these three fields should lead in the near
future to the following concrete outputs:

(a) Acute respiratory viruses (2 years)
. assessment of safety and efficacy of candidate vaccines
against respiratory syncytial virus (RSV) based on purified

fusion protein or on the use of engineered
viral vectors

(b) Dengue and Japanese encephalitis (3 years)

. assessment of protective efficacy of candidate vaccines based
on the use of viral proteins produced by recombinant DNA
techmology (Fapanese encephalitis then dengue)

. development of an engineered attenuated multivalent dengue
vaccine

(c) Viral hepatitis (3 years)

. development of an engineered attenuated vaccine for hepatitis A
and evaluation of this vaccine (trials)

. assessment of antigen and gene probes for diagnosis of
hepatitis non-A, non-B




TABLE 3
OBJECTIVE THREE (TDV)

DEVELOP VACCINES EASIER TO DELIVER

DEVELOP ATETANUS ORAL VACCINES VACCINE BASED ON
VACCINE REQUIRING
ONLY ONE INJECTION

|| rescarch % physicochemical o
commissioning / approach “# requirements for
‘ . live vectors
2 development of | orally active
U4 encapsulated i live vector 2  setup criteria
vaccines based-vaccines for selecting
vectors

3 animal testing 3 evaluation (exp)

4 human trials 4 trials

ONE-DOSE VACCINES
FOR OTHER DISEASES
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413 DEVELOPMENT OF VACCINES EASIER TO DELIVER

This objective is primarily concerned with problems common 10 many vaccines and particu-
larly the requirement for repeated injections. Three approaches are considered:

(a) develop encapsulated vaccines for slow and controlled release; this will be first
applied to tetanus vaccine, then to diphteria, pertussis and hepatitis B vaccines,
possibly combined in a tertravalent preparation with tetanus (DPT-HB), then,
possibly, to inactivated polio vaccine (IPV),

(b) development of systems which allow oral administration of vaccines thus avoiding
injections,
(c) evaluate the acceptability and the efficacy of genetically engineered vaccimes

based on the use of lve viral or bacterial vectors.
The specific stategic plans are summarized in table 3.

Atthe presentstage, the mainachievements in these three fields shouldlead inthe short term
to the following concrete outputs:

(a) development of new encapsulated tetanus vaccine for the prevention of neonatal
tetanus; immunization of women at child-bearing age, with a single injection
(within 3 years);

() in asecond step, development of a hepatitis Bsingle-dose vaccine and assessment

of the feasibility for single-dose DPT or DPT-HB;
(c) appropriate guidelines for the use of live organisms as vaccine carriers (1year);

(d) establishment of the basis of oral immunization for application for vaccines which
should induce immunity at mmucosal surfaces.

T
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TABLE 4
OBJECTIVE FOUR (TDV)

IMPROVEMENT OF VACCINE PROTECTIVE EFFICACY

NEW IMMUNOLOGICAL. NEW CARRIERS FOR
ADJUVANTS SUBUNIT VACCINES

1 assess new

adjuvants
(SAF, etc.)
2 conjugate subunit
2  setup trials vaccines
3 triaks

IMPROVE
PROTECTIVE

_ 1 define influence of

vaccine presentation
on protective effects
and on duration of
mmunity

2 optimize vaccine
design

22
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4.1.4 IMPROVEMENT OF VACCINE PROTECTIVE EFFICACY

Many candidate vaccines do not induce a satisfactory imoaune response in a significant
percentage of immunized populations, thus the development of systems applicable toa great
variety of vaccines in order toincrease their efficacy is a priority area. The activities initiated
or planned in that field are either short-term (e.g. assessment of newly available adjuvants)
or medium-term (e.g. design of new carriers for sub-unit vaccines); they also encompass
some basic research to define the rules for inducing a long-Jasting protective immunity,

The specific stategic plans are summarized in table 4.

It should be stressed that all activities under 4.1.3 and 4.1.4 should be of benefit toall vaccines
included in parts 4.1.1 and 4.1.2, as well as to vaccines of interest to TDR, CDID/ARIL

23~ 94
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4.2 EXPECTED IMPACT OF THE PROGRAMME

Itis expected that during the course of this project 2 number of new vaccines against major
infectious diseases affecting children from developing countries will be developed We will
undertake the trials of these vaccines and prepare their integration into national i lmmum—

Zation Programmes.

The specific impact of each component of the project can be estimated in relation to effects
on morbidity and mortality which would result in the integration into EPI of thc new
protective tools.

421  OBJECTIVE ONE (PVD)

In poliomyelitis, new vaccines should greatly facilitate the achievement of the goal to
cradicate the disease on a worldwide basis. It would appear reasonable to anticipate that a
new polio vaccine would be more resistant to heat, thus reducing the importance and the cost
of cold-chains. It would also have a reduced tendency to revert to virulence and would thus
avoid the replacement of naturally acquired polio by vaccine-induced polio. It might alsobe
presented as unique vaccine constructs in which the three polio serotypes would ‘be
represented m a single genome, thus avoiding the problem of interference of one strain with
the others in the vaccine. Tiaportant side-products derived from vaccine-oriented research
will be new diagnostic probes for epidemiological monitoring.

In tuberculgsis, it is expected that the availability of an improved BCG vaccine and ot' new
disease-specific laboratory diagnostic tools would markedly contribute to the control ot' thﬂ
infection.

In addition, it is anticipated that a newly engineered BCG would be able to carry add:tlrmal
genes coding for other vaccines and represent an effective multivalent vaccine produced at
a low cost.

The availability of vaccines against bacterial meningitis which would be effective in children
under the age of two years would allow for the prevention of dreadful epidemics of bacterial
meningitis, together with endemic cases which are recurrent in many areas of the developing
world. The technology developed for such vaccines would also be applicable to ‘the
prevention of bacterial pneumonia due to haemophilus or pneumococceal infections, which
represent a major cause of child death in most of the developing world and are of parucular
concern to the ART Programme. -

The development of a new measles vaccine efficient at one to four months of age would have
a profound impact on child survival since, as already outlined, a considerable number of
chuldren still die each year of this discase in early infancy. %
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422  OBJECTIVE TWO (PVD)

The development of vaccines against acute respiratory infections caused by respiratory
syncytial viruses (RSV) or parainfluenza 3 viruses would considerably affect child morbidity
and mortality throughout the whole world.

Vaccines against dengue would have a great protective value for approximately sixty million
peaple each year, thus preventing death from associated haemorrhagic shock syndrome. It

may be expected that a new generation of vaccines against Japanese encephalitis would
prevent approximately twenty to thirty thousand deaths annually.

The impact of the development of vaccines against viral hepatitis should be considered at two
levels. First, the reduced morbidity associated with hepatitis A, which would particularly
benefit countries with a changing epidemiological pattern associated with an increase in
severity of hepatitis. Secondly, the lethality associated with HNANB during pregnancy and
the incidence of post-transfusion hepatitis would be particularly influenced by the availabil-
ity of vaccines against enterically and parenterally transmitted HNANB.

42.3 OBJECTIVE THREE (TDV)

At the end of the project period, it isexpected that a number of new yaccine delivery methods
will have been developed and that the stage willl be set for trials of new and improved vaccines
and of new delivery methods. The application of these new products will be based on their
integration into the existing EPI systems. The availability of a one-shot vaccine for tetanus
should increase the vaccination coverage of women of child bearing age considerably and
thus provide an efficient tool to decrease the incidence of neonatal tetapus. The extension
of the methodology used for the controlled release of tetanus vaccine to other common
vaccines (DPT) should make possible a higher population coverage at a low cost. The
development of better designed vaccination systems should lead to the integration into EPI
of a number of additional and highly desirable vaccines (€.g. vaccines against acute respira-
tory infections or meningitis).

By reducing the EPI multiple dose vaccines to vaccines which can be administered in one
dose, the overall number of doses needed for full immunization coverage will be significantly
reduced. For example, if the DPT and the polio vaccines could be administered in one dose
rather than the three required at present, then the number of health-care contacts needed
for a child to become fully immunized against all the target diseases would be reduced from
five to three. Should the vaccination of women of child bearing age with tetanus toxoid
vaccine also be reduced to one dose, then the overall vaccination schedule for EP1 wonld be
further reduced. This would provide cost benefits for EPI in terms of reducing the actuai
quantity of vaccines needed and there would also be decreases in all other areas of cost, e.g.
transport, personnel and equipment.

On the basis of the data available in 1988, with a cost of approximately US §10 per fully
immunized child, including salaries of health personnel (45%), capital cost (23%), vaccines
(12%), transportation (12%) and miscellaneous costs (8%}, the cost benefit of reducing the
number of injections for one or several vaccines can be estimated from US $20 m. to $95 m.
annually, on a worldwide basis (developing countries).
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424  OBIECTIVE FOUR (TDV)

By promoting the development and improvement of oral vaccines, it might be possible to
change the mode of delivery for current (and possible future) EPIvaccines from administra-
tion via injection to oral administration. Oral vaccines provide a cheaper alternative to
injections because there is less need for highly trained personnel to administer them; less
need for a strictly sterilized environment for the administration of the vaccine and disposal
of the administering equipment (a syringe in the case of injections); no longer a need for
certain equipment (e.g syringes), and fewer complications of the easier mode of administra-
tion. Therefore, the extended use of oral vaccines would certainly further reduce the cost of
national immunjzation prograpmes.

The other areas of the Transdisease Vaccinology programme which call for the improve-
ment of vaccine efficiency would also to provide cost efficient benefits for EPL, and increase
the overall protective effects of immunization.




43 MANAGEMENT OF THE PROGRAMME

The general strategy used in the initial phase of the Programame was to:

(a) Hold meetings of experts to analyze various approaches proposed for the
development of new vaccines against target diseases;

(b) Publicize the defined research priorities amongst the scientific community and |
to advertise for research proposals;

{c) Select the research proposals which hold promise of contributions to the goals of the
Programme;

Favour collaborative work between laboratories on an international basis;
(e) Organize the exchange of information and of reagents between interested parties;
(f) Plan vaccine evaluation trials.

Particular effort was made to ensure coordination between vaccine-oriented research and
field-oriented programmes for monitoring and control on each target disease. The
definition of priorities was the result of joint discussions with representatives from EPI and
CDD/ARI, as potential users of the newly developed vaccines.

The management of the Programme has three components and follows in most respects the
practices previously established within WHO. The general management is by Microbiology
and Immunology (MIM) Support Services within the Division of Comnrunicable Diseases.
Some 15 professional staff, assistants and secretarial staff are involved in this work, all
financed by WHO.

A group of senior scientists, chosen on the basis of their extensive experience in the different
scientific disciplines which are relevant are responsible for the scientific guidance. The
membership of the Scientific Advisory Group of Experts (SAGE) is approved by the
Director-General of WHO on the advice of the Chairman of SAGE in consultation with the
Secretariat. Members serve a three-year period extendable to six years; the Chairman is
appointed for four years, extendable to six years (see list of members in Annex 1).

Each disease component is managed by a Steering Committee (SC) composed of 6-10
scientists. They meet once a year to revise the strategic plan and consider and recommend
funding of submitted research proposals. Each SC meeting is attended by a designated
SAGE member and the SC chairmen attend the subsequent SAGE session to report on
progress. SAGE endorses the proposals recommended for funding to WHO. The terms of
membership of 3Cs are similar to those for SAGE (see list of members in Annex 1).
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Implementation of research activities: research priorities corresponding to the planned
activities are first advertised in the scientific press. Applications for support are obtained
following these advertisements and they are reviewed by the SCs, independent of WHO.
Deccisions are made by secret hallot, on the basis of the relevance of proposals to the aims of
the Programme and also their intrinsic scientific merit, taking into account the comments of
an external referee. Progress is reviewed by each SC and reported annually to SAGE, which
guides the programme.

Priority areas where targeted efforts are needed to achieve our precise goal, within a short
period of time (e.g. one-shot tetanus vaccine), are dealt with by drawing attention to the
appropriate research groups on a worldwide basis and by requesting specific proposals for
commissioned research. These proposals are reviewed by the Secretariat, with external
advisers covering the field of research. Selection is made by assessing cost-effective benefits
following direct discussions during site-visits. Coordination of research is then made by the
WHO Secretariat.
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5.1 POLIO VACCINES

5.1.1 THE PROBLEM

In May 1988, the 415t World Health Assembly adopted a Resclution (WHA41.28) for the
global eradication of poliomyelitis by the year 2000. This has placed in sharp focus deficien-
cies evident in the currently available Sabin-derived oral polio vaccine (OPV), as well as the
urgent need for modern diagnostic methods for poliovirus.

Extensive use of Sabin strain oral polio vaccine has been associated with the virtual elimina-
tion of paralytic poliomyelitis in a number of industrialized countries and with substantial
reductions in incidence in some areas of the developing world. However, the immunogen-
icity and clinical efficacy of the current Sabin-derived OPV in a number of developing
countries has been lower than expected, particularly in inducing neutralizing antibody
against poliovirus types 1 and 3. N

Two other deficiencies associated with the currently available Sabin-derived oral polio vac-
cine are worrisone. First, this vaccine is the most heat sensitive of the six antigens delivered
through the Expanded Programme on Immunization. At 37°C, the ambient temperatire in
many parts of the world, OPV suffers a 50% loss in potency in 48 hours. Second, although
OPYV is among the safest vaccines ever used, it is capable itself of producing paralysis. This
is indeed a rare event, but an event of increasing significance to countries as they eradicate
wild poliovirus. Based on several large studies, including a 10year study conducted by WHO,
it is estimated that one case of vaccine-associated paralysis occurs for every 2 million to 4
million doses of trivalent oral polio vaccine distributed.

The polio eradication initiative has highlighted the urgent need for modern diagnostic meth-
ods for poliomyelitis. Present polio diagnostic techniques date from the 1950°s: they require
a tissue culture laboratory and remain labor-intensive and time-consuming procedures, For
example, isolation and typing of poliovirus from a stool specimen requires more than seven
days’ time.

5.1.2 TARGETED RESEARCH ACTIVITIES

Deficiencies in the Sabin-derived OPV and the lack of modern laboratory methods have
prompted the Steering Committee on Hepatitis/Poliomyelitis of the Programme for Vaccine
Development (PVD) to review recent progress in the basic sciences relevant to poliovirus
vaccinology. The past several years have witnessed a spectacular increase in the understand-
ing of the structure of the poliovirus and the molecular determinants of inmunogenicity and
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attenuation of Sabin-derived vaccine strains. The enormous advances made in poliovirus
research over recent years, with a very significant contribution by research groups supported
by the Programme, include the determination of the three-dimensional crystal structure of
the Sabin type 3 virus, a better understanding of the molecular basis of thermolability, the
elucidation of the genetic basis of attenuation and the identification of antigenic structures.
Recently it was found that it is possible to construct antigen chimaeras of poliovirus eliciting
two serological types of neutralizing antibodies. Theoretically, such chimaeras could solve
the problem of interference between different serotypes of trivalent OPV and reversion of
less stable attenuated strains. An alternative and perhaps more tractable approach is the
total replacement of the capsid proteins present in more stable or less immunogenic virus
(i.e. type 3). Such candidate vaccines have been constructed and are ready for extensive
preclinical testing. These recent research developments provide a fixm foundation for the
development of new and better poliovirus vaccines that could play a critical role in the
worldwide eradication of poliomyelitis. Moreover, some recent molecular poliovirus re-
search, although not directly aimed at development of better diagnostic methods, has led to
advances which will make such developments possible. Other areas in virology, specifically
in the field of AIDS virology, have achieved remarkable success in development of rapid,
efficient, affordable diagnostictechniques. These techniques are nowready to be applied to
polioviruses.

Technical advances in poliovirus vaccine development and in polio diagnostic methods must
be completed and implemented within five to seven years if they are to play a significant role
in the polio eradication initiative. This document outlines the main basic science priorities
relevant to the needs of the global eradication initiative, and considers how the PV may
begin to address these needs over an initial three-year period.

NEW POLIO VACCINE

ACTIVITIES
1. analyse genes and epitopes

2. engineer new viruses 1-2: 1989-1990

3. generate heat-stable vaccines 3: 1990-1991

4, decrease reversion to virnlence 4: 1991-1992
5. multivalent polio vaccine 5: 1992

6. trials 6: 1993-1995
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513 STRATEGIC PLAN

There are four main areas in which contributions from the basic sciences will be critical: (1)
improved thermostability of the present oral polio vaccine; (2) development of modern di-
agnostic methods as side-products of vaccine development; (3) improved serologic response
to the present oral polio vaccine; and (4) enhanced stability of the attenuated phenotype.

(a) FIRST PRIORITY AREA:
IMPROVED THERMAL STABILITY OF THE
PRESENT ORAL POLIO VACCINE

This is a major priority in nrgent need of increased attention. Live, attenuated oral pn'ho '
vaccine (OPV) is the most temperatore sensitive of the six antigens (BCG OPV, diphtheria-
pertussis-tetanus (DPT), and measles) delivered by the EP1. All six antigens require a cold
chain to maintain their potency. At present, OPV is stabilized with magnesium chloride or
saccharose, With the addition of one of these stabilizers OPV may be stored at (°C to 8°C
for 6 to 12 months without significant loss of titer. At elevated temperatures OPV retains its
minimum potency for shorter period of time. At a temperature of 26°C, minimum OPV
potency is maintained for only 7 to 14 days. At a temperature of 37°C, OPV loses half of its
potency in only two days. Instability of OPV under field conditions may contribute signifi-
cantly to inadequate take rates, especially when cold chain performance is less than optimal.

Meaningful advances in the thermal stability of OPV may require recruitment of scientists
outside the field of poliovirus virology, as well as the efforts of molecular virologists con-
cerned with poliovirus. Recent knowledge of the crystal structure of poliovirus may contrib-
ute to such efforts. The primary aim should be development of methods which result in
improved stability of OPV at 37°C to 45°C., |

To maximize the Ekelihood that a practical advance will be made within the initial three year

period, several approaches should be supported in this area at a total level of approximately
$400,000 per year.

Approaches to improving temperature stability of OPV could include, but should not be
limited to, the following:

® a physical approach in which improved chemical stabilizers and/or a method for
lyophilization is sought for the existing oral poliovirus vaccine. This approach is
a high priority. Involvement of scientists outside the main fields of concern of the
PVD (for example, food scientists) may well be necessary for success in this area;

(ii) a molecularvirological approach in which virus variants with enhanced resistance
to short periods (3-6 days) of exposure to temperatures in the range of 37°C to
45°C are isolated, sequenced and the relevant mutations inserted into existing
vaccine strains. It cannot be predicted at present whether such mutations will
affect temperature sensitive phenotypes or alter attenuation, and this will require
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careful stady. This approach may be facilitated by crystallographic analysis of
poliovirus viral particles undergoing inactivation at these temperatures; the
crystal structure of the very heat stable hepatitis A virus may provide additional
clues;

(3ir) encapsulation methods, or stabilization with non-neutralizing antibodics as
alternate approaches to this problem.

(b) SECOND PRIORITY AREA:
DEVELOPMENT OF DIAGNOSTIC TESTS

Current procedures for polio diagnosis rely on cell-culture techniques and cannot be per-
formed in many laboratories which will be involved in the polio eradication initiative. These
older methods, essentially unchanged since the 1950’s, should be replaced by modern solid-
phasc immunoassays designed for ease of use. Recent advances in the understanding of the
antigenicity of poliovirus should be applied in the development of simple, specific rapid
diagnostic tests. Practical assay procedures will be those which can be carried out in the field
or in local laboratories, and which are inexpensive, heat-stable, and require a minimum of
reagents, The polymerase chain reaction should be exploited as an approach for detection
and characterization of poliovirus strains to be used at the national laboratory level.

Some diagnostic test methods are being produced as by-products of molecular studies of
poliovirus. Other studies directly linked to these practical aims are in progress. However,
the limited number of laboratories devoting time to diagnostic test development and the
present Jow level of funding have significantly delayed this work.

Approaches to improved diagnostic methods could include, but should not be limited to, the
following:

(i) a practical field method for determining recent poliovirus infection, possibly
based on the IgM capture approach, which would facilitate diagnosis of recent
cases of poliomyelitis and distinguish poliomyelitis from other causes of paralysis;

(i) a rapid and simple field method for demonstrating the presence of type-
specific neutralizing antibodies to poliovirus;

(iii) a method for detecting and characterizing poliovirus as vaccine-like or wild-type
that can be carried out at the national laboratory level.

(©) THIRD PRIORITY AREA:
IMPROVED PROTECTIVE RESPONSE TO OPV

Recent field studies suggest inadequate serological response to trivalent OPV in some de-
veloping countries, even when the vaccine has been properly stored. Clinical field trials are
being now planned or in progress to assess variables influencing take rates (including the
relative ratio of the three types of poliovirus in trivalent OPV, dose intervals, and dose
volume). The WHO Expanded Programme on Immunization (EPI) is conducting several of
these studies and closely following others.
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However, at the basic science level, reasons for low seroconversion rates following three or
four doses of OPV among children in some developing countries remain unclear, There is
anurgent need for studies addressing in vitro correlates of poor immunogenicity and for mo-
lecular approaches to improve existing OPV with respect to take rates. An intrinsic problem
in addressing immunogenicity from the molecular level is that viral alterations resulting in
improvements in serologic response may lead to enhanced virulence. Thus there may be a
need for additional manipulations of the poliovirus at the molecular level to ensure stability
of attenmation. Improved immunogenicity is a key priority, however, which has been inade-
quately addressedin contrast to efforts to enhance the stability of the attenvation phenotype.

Approaches to improving protective response to OPV could include, byt should not be lim-
ited to, the following:

(i) . investigationof the biological basis of the suboptimal seroconversion rates follow-
intg three or four doses of the existing OPV. Such studies should be carried out in
close cooperation with EPI, and should take advantage of new animal models,
when these become available, and in vitro systems; »

(i) characterization of those natural recombinant polioviruses which have the capac-
ity for prolonged shedding in the gut in persops from developed and developing
countries, determination of the molecular basis for these phenotypes, and apphi-
cation of this knowledge to the design of new candidate vaccines;

(iti) selection of poliovirus variants that are resistant to interference by other viruses
in cell or organ culture, or in the proposed transgenic mouse model, and exami-
nation of such viruses as potentially more immunogenic candidate vaccines.

(d) FOURTH PRIORITY AREA
ENHANCED STABILITY OF THE ATTENUATED PHENOTYPE

As wild poliovirus is eradicated in countries and regions, the occurrence of vaccine-associ-
ated cases of poliomyelitis will become more obvious. This is already the case in some
industrialized countries, such as the United Kingdom and the United States. Therefore, the
possibility ofa new polio vaccine based on the attenuated phenotype, which would presuma-
bly have all the advantages of Sabin derived OPV and would also overcome the limitations
of Sabin derived OPV, is a priority. However, a target date of 1995 for the evaluation and
introduction of such a vaccine will be necessary for it to play a major role in the polio
eradication initiative. Tremendous advances have been made in understanding the molecu-
lar determinants of poljovirus neurovirulence and attenuation, and these leads should be
exploited for the development of a new oral polio vaccine for the eradication initiative.
These advances include the potential for development of a transgenic mouse expressing the
receptor for poliovirus. Such an apimal could be an inexpensive and readily available model
for the testing of attenuation as well as immunogenicity.

Approaches to enhancedstability of the attenuation phenotype could include, but should not
be limited to, the following:
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(i) development of transgenic mice expressing the cellular receptor for polio virus,
and validation of this animal as a model for poliovirus attenuation and virulence
in man. Availability of such a model would greatly facilitate the early testing of
new candidate vaccines;

evaluation of engineered muytations that may result invery stable attenuated phe-
notypes;

the furtber exploration of intertypic poliovirus chimeras and complete capsid
recombinant viruses as approaches to improve stability of the attenuation pheno-

type.

() COORDINATION OF BASIC RESEARCH EFFORTS IN THESE
FOUR PRIORITY AREAS

Frequent meetings of small groups of investigators, periodic telephone conferences and an
annual meeting of involved scientists will facilitate this research programme. Additional
secretariat staff support will be required for effective and close monitoring of research
progress. The Steering Committee subcommittee charged with the primary review of this
research will need to meet with WHO staff and scientists on a frequent basis to ensure pro-
gramme balance and direction, and respect to the three-year time frame.

5.14 ADOPTED STRUCTURE OF THE POLIO COMPONENT OF
PVD TO ADDRESS URGENT PRIORITIES IN POLIOVIRUS
VACCINOLOGY

The key elements of a successful programme include:

(a) recognition of immediate needs of EPI and close programme coordination with
EPI, including appointment of an EPI liaison to the subcommittee of the PVD
Steering Committee charged on Polio;

(b) a research programme based largely on competitive applications, which may be
directly solicited or sought by placing advertisements in widely-circulated scien-
tific journals and which address well-focused needs;

() balanced research activities with regular review and evaluation, including partici-
pation of operational staff nominated by EPI to epsure that major programmatic
priorities are being met;

coordination and review of activities through a subcommittee of the Stecring
Committee having particular expertise in both polioviruses and the use and evalu-
ation of poliovirus vaccines;

close cooperation and frequent contact between small groups of investigators
addressing related issues, to be organized by PVD.




Useful and practical outcomes of the proposed research are needed as soon as possible. At
the latest, practical results must be available and implemented within five to seven years.
The time limitations imposed by the goal of eradicating wild poliovirus globally by the year
2000 will require an accelerated research strategy with the following special features:

(a) projects supported under this aspect of PVD will require more substantial
funding than that at present available in the polio component of PVD,

(b) multiple approaches will be funded in each of the four priority areas.

This proposal addresses work which would be undertaken during an initial three year period.
The level of funding which will allow sufficient acceleration to produce practical results is
estimated below. Inbrief, contractsin the four priority research areas and administration of
these funds, would amount to about 2 million dollars each year, or a total of about 6 million
dollars over a three year period. Details of expenditure for each of the four main priority
areas appear in Table 1.
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TABLE 1
PROPOSED BUDGET FOR AN ACCELERATED
POLIO RESEARCH STRATEGY
RESEARCH PRIORITY YEAR1 YEAR2 YEAR3 TOTAL
AREA US$ US$ US$ USs$
1. Improved thermostability 450 000 400 000 350000 1200000
of OPV
2. Diagnostic test
development 400 000 500 000 300000 1200000
3. Improved serologic
response to OPV 350 000 400 000 450000 1200000
4. Enhanced stability of
attenuated phenotype 400 000 450 000 350000 1200000
Subtotal 1600000 1750000 1450000 4 800000
Meetings &
Coordination 200 000 200 000 200 000 600 000
TOTAL 1 800000 1950000 1650 000 5 400000
WHO Programme
Support Costs (13%) 234000 253500 214 500 702 000
GRAND TOTAL 2034000 2203500 1864500 6102000
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52 TUBERCULOSIS

521 THE PROBLEM

Tuberculosis remains a devastating, yet neglected disease in the world today. Recent esti-
mates indicate an overall risk of tuberculosis infection of 1.25% to 2.5% in the largest devel-
oping countries, representing annually 4 to 12 million new cases and 1.2to 4.3 million deaths.
On the basis of the current rate of decline, one can expect that by the year 2015, about 7
million new cases per year and 2.5 million annual deaths will still be recorded. In the present

situation, it should be stressed that only 28 to 69% of all cases are detected and there is an
urgent need for new laboratory methods for diagnosis of active tuberculosis. The mecha-
nisms by which the mycobacteria which cause tuberculosis produce the disease and the
mechanisms by which immumity can be engendered by BCG remain almost totally unknown.
The BCG vaccine against tuberculosis is the most widely used vaccine in the world, but its
effectiveness has varied in different areas and it appears to be relatively ineffective in some
developing countries.

5.22 TARGETED RESEARCH ACTIVITIES

The major aim of the tuberculosis component of the Programme has been to acquire‘an
understanding of the mechanisms by which mycobacteria produce disease, and develop
strategies to provide more rapid and precise diagnostic tests and, ultimately, to improve
vaccines against tuberculosis. The basic thrust has been to bring the most modern and so-
phisticated tools of molecular biology and immunology to bear on this ancient scourge, in-
cluding recombinant DNA technology and monoclonal antibodies. Withina period of three
years, a network of research workers has been established, priorities have been developed
and some important new reagents have become available. These materials, including genes
and specific monoclonal antibodies, have been established in a bank and made available free
of charge to qualified investigators everywhere in the world in order to expedite the research
effort.

The first priority in developing modern approaches to tuberculosis has been to understand
and develop the means to study the genetics of mycobacteria, the organisms which canse
tuberculosis. Millions of individual genes have been isolated and cloned so that they can be
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studied in the test tube. The most urgent goal is to develop more rapid and precise diagnos-
tic techniques for tuberculosis. The present methods are either rapid but expensive, or time-
consuming and not practicable for many parts of the world. Three innovative new ap-
proaches are under way to develop antibodies, genes and enzyme markers that would make
diagnosis much more rapid and precise and allow for the earlier initiation and the monitor-
mg of treatment.

The hope that effective vaccines can be developed derives from the facts that BOG is highly
protective in some parts of the world and that, even in regions endemic for tuberculosis, only
a minority of individuals infected ever develop the disease. Monoclonal antibodies specific
for unique antigens of the tubercle bacillus have been identified, as well as major antigens
recognized by serum from patients with tuberculosis, and these antibodies are now being
used to identify the nature of the antigens and genes producing these antibodies. So far, six
major antigens have been identified, and certainly more will be found. Because antibodies
are not likely to be the major immune protective mechanism against tuberculosis, studies
have been initiated in relation to the pature of antigens of Mycobacterium tuberculosis
recognized by the cellular immune response, which appear to be required for protection in
man and animals. This necessitates developing fundamentally new scientific techniques 1o
permit the identification of important antigens recognized by white cells, particularly T
lymphocytes. These methods are being developed by the scientists supported under the
Programme and have already had general impact, not only on research in tuberculosis, but
on all other infectious diseases requiring cellular immune responses. With the identification
of antigens recognized by white cells from resistant individuals, it may be possible to begin
to define the means by which the organism normally eludes the host defence mechanism and
understand the precise mechanism by which M. tuberculosis is killed or prevented from
growing within the body and resistance is engendered.

Finally, if new and better vaccines are to be developed, the fundamental challenge will be to
develop means toiniroduce and express those genes in the existing BCG vaccines. Inthe past
year, major advances have permitted the introduction and expression of foreign genes in
mycobacteria for the first time, rendering new vaccines feasible. Because of the unique
properties of BCG vaccine, including the possibility to give it at birth, the requirement for a
single inoculation, the high degree of safety and low cost, it may be possible to engimeer BCG
to express protective antigens not only against tuberculosis and leprosy, but also against a
wide range of bacterial, viral and parasitic diseases where cellular immunity is essential for
resistance.
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TUBERCULOSIS VACCINES
ACTIVITIES TIMEFRAME

1.  epitope analysis

(mabs, T clones)
2. gene cloning and 1-2: 1990

genomic analysis
3. gene probes (diagn.) 3: 1991
4.  antigen production

(recDNA technology)
5. engineered BCG 4-5: 1990-1992

6.  trials 6: 1992-1996

523 STRATEGIC PLAN

In the area of tuberculosis, the goal-oriented research supported by the Programme is now
at a very productive stage. It can be legitimately expected that, within two years, the new
molecular probes (cDNA) which have already been obtained will be used in new diagnostic
tests which would permit quick and highly sensitive detection of mycobacteria in patients
suspected of having tuberculosis. It is also predicted that new serological assays to help
distinguish infection from active disease will become soon available.

Within two years, three to six antigens of M. tuberculosis will also be checked for their
potential protective value as an alterpative to BCG. These antigens, which are now being
produced by genetic engineering, will also be made available for the investigation of a new
generation of specific skin tests to replace PPD-tuberculin reagents. Within three to four
years, new genetically-engineered BCG will be available as vector for other vaccines and as
new potential tuberculosis vaccine.

The list of research priorities under the Strategic Plan is as follows and detailed on the
annexed chart;

(a) Molecular biology and genetics.

() Toisolate genes in order to understand their involvement in
mycobacterial growth, pathogenesis and resistance to intracellular killing.
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(i) Ta produce potential protective antigens in suitable hosts.
(iii) To clone antigens in mycobacteria.
(iv) To develop new DNA probes for use in diagnosis.

(v) To select mutants which have lost pathogenicity and to identify the genetic
changes responsible for this.

(b) Use of cloned antigens produced in larger amounts in studies of:
(i) Serology in relation to diagnosis of infection or disease.
(i) T-cell reactivity in human individuals in relation to protection.
(ili) In vivo: skin tests (for diagnosis).
(iv) Protective effects in animals.

(v) Evaluation of those recombinant gene products as potential adjuvants.

(¢) Further characterize new protective epitopes of M. tuberculosis proteins at T-cell
level.

(d) Analysis of immunoregulation in human tuberculosis.

(e) Development of simple and specific immunodiagnostic techniques.
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5.3 ENCAPSULATED BACTERIA:
BACTERIAL MENINGITIS

5.31 THEPROBLEM

Five genera of encapsulated bacteria are major causes of morbidity and mortality among
infants andyoung children in almost all countries. Different strains of Neisseria meningitidis,
Streptococcus pneumnoniae and Haemophilus influenzae are major causes of meningitis and
respiratory tract infections which can cause early death. The existing vaccines cannot be used
to prevent these infections in children under two years of age, who are in fact the most
susceptible to these diseases. A major reason for this is the poor immune

response of young children to the oligosaccharide found in the capsules of these organisms,
which are used as vaccines. Because of the magnitnde and complexity of these diseases and
the causal orgamisms, this programme was initially focused on studies of meningococcal
mfections, but it is now also concerned with other agents causing both meningitis and pneu-
moma.

53.3.2 TARGETED RESEARCH ACTIVITIES

In its initial phase, the Propramme concentrated on developing new vaccines to control dis-
eases caused by N. meningitidis, 4 major cause of death due to meningitis. Monoclonal
antibodies have been developed to define important antigens of the bacteria and the most
advanced physical techniques were applied to the analysis of the structural characteristics of
oligosaccharide antigens. Three approaches aiming to develop vaccines are now in progress:
(1) Making a new oligosaccharide-protein complex to which young susceptible children
couldrespond. (2) Transferring the genes which are necessary for the synthesis of capsular
polysaccharides on other live bacterial vectors (these genes have already been successfully
transferred). (3) Synthesizing peptides which mimic the structure and configuration of the
oligosaccharide. (4) Developvaccines based on the membrane proteins. (5) Prepare trials
of newly developed conjugate vaccines for meningococcal meningitis (A-C).

333 STRATEGICPLAN

Major emphasis will continue to be on the development of new meningitis vaccines to achieve
protective immmunity in young susceptible children. These efforts will first be directed
towards the obtention of more immunogenic vaccines against N. meningitidis, type A and C
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and to evaluate the possibilitics offered by pew approaches to obtain vaccines against
N. meningitidis, type B. However, it appears that the progress made along these lines will
certainly provide useful information for the development of a second generation of pneumo-
coccalvaccines. This possibility will be evaluated in close collaboration with the WHQ Acute
Respiratory Infections programme.

BACTERIAL MENINGITIS
ACTIVITIES TIMEFRAME

1. targeted epidemiological

studies 1:  1989-1991
2. conjugate vaccine trials

(meningitis A-C) 2: 1990-1992
3. develop outer membrane

protein vaccines

(meningitis B) 3 1990-1992
4.  live vector based vaccines 4:  1991-1993

5.  trials 5: 1992-1994

The priorities under the strategic plan are as follows:

(a) Organize targeted epidemiological studies of bacterial meningitis, with emphasis on
MENINEOCOCCUs.

(b) Implement trials of newly developed conjugate vaccines for meningitis caused by
N. meningitidis A-C.

(¢) Developserogroup, LPS and outer membrane protein vaccines for meningitis due to
N. meningitidis B.

(d) Develop immunological assays correlating with protective immunity; manipulate im-
mune responses so as to give long-lasting immunity to T-independent antigens.

(¢) Delineate structure of epitopes which are potential target of immunity; analysis of the
biosynthesis of capsular polysaccharides; transfer of genes to potential vector organ-
isms.
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DEVELOP NEW VACCINES
AGAINST MENINGOCOCCUS
EFFECTIVE BEFORE 2 YEARS OF AGE

f

VACCINE TRIALS
NEW
POLYSACCHARIDE
VACCINES NEW
(group spec.) CONJUGATE
VACCINES
SYNTHETIC OLIGOSACCH.
DEFINITION OF
POLYSACCH.
EPITOPES MEMBRANE PROTEINS
VACCINES
ASSESS
MEMBRANE PROTEINS
AS POTENTIAL SOURCE
OF PROTECTIVE OR
T EPITOPES
VACCINES BASED ON
LIVE VECTORS
EPIDEMIOLOGY E%Ev%wfsm TO
IDENTIFICATION OF
ESSENTIAL GENES




MIM/EXBUD/89.1

5.4. ACUTE VIRAL RESPIRATORY DISEASES
OF CHILHOOD

54.1 THE PROBLEM

Infectious diseases of the respiratory tract are a major cause of morbidity and mortality
throughout the world, accounting for about 1 - 4 million deaths annually. The first months
of life are the time of greatest risk and it is recognized that virus infection is responsible for
many serious diseases observed in this age group. One virus in particular is associated with
bronchiolitis and pneumonia in infants and young children which is known only by the
descriptive name “respiratory syncytial virus™ (RSV) because of its ability to induce fusion
of cells, either in the infected lung or in cells cultured in the laboratory. Recent work indicates
that RSV is also responsible for many of the middle-ear infections which trouble older
children. It is one of the viruses which induce common colds and “flu”-like illness in adults
and it is estimated that mild to severe RSV infections occur every three years on average
throughoutlife. RSV infection again becomes life-threatening in the elderly, with mortalities
of up to 50% in outbreaks of disease in institutions caring for old people. RSV infection is
prevalent worldwide and presents the same disease problem in virtually all environments.
Control of RSV infection by vaccination is a medical priority and an effective vaccine wauld
find applications in both developed and developing countries.

It has becn estimated that 50% of cases of severe croup and bronchiolitis, and 24% of cases
of pneumonia could be prevented if effective vaccines were available. Previous attempts to
develop RSV vaccines have been unsuccessful. Recombinant DNA technology and the mo-
lecular cloning of individual viral genes have opened up new approaches to vaccine devel—
opment.

The paramfluenza group of viruses is also responsible for a great deal of morbidity and
mortality in the same age group.

5.4.2 TARGETED RESEARCH ACTIVITIES
Achievement of many of the aims identified for the first five years of the research pro-

gramme is in sight. The principal results so far are: recognition of the distinctive identi-
ties of respiratory syncytial virus (RSV) and parainfluenza type 3 virus (PI3V) in terms of

a1




MIM/EXBUD/89.1

their genome organization and biology; identification of the immunogenically important
proteins of both viruses and the beginning of epitope analysis; definition of two major
subgroups of RSV; and analysis of cell-mediated immune responses using vaccinia/RSY
recombinants.

Molecular cloning by synthesis of cDNA from RNA by reverse transcription has permitted
determination of the structure and organization of the genome of RSV. The importance of
this is that jt has been revealed that RSV is distinctive in its molecular properties and unlike
previously recognized respiratory disease viruses, which may be the explanation for some of
the unique aspects of its behaviour as a disease-producing agent. This work enabled the
isolation of 9 of the 10 individual genes which determine the properties of the virus and their
separate study with a variety of advanced and innovative techniques for gene expression in
vitro. The ability to obtain the products of these individual genes meant that the immuno-
genic properties of the individual gene products could be studied, uncomplicated by the
presence of the other components of the virus. It was found that neither of two of the five
proteins which are present in the outer envelope of the virus was sufficient to induce
protective immunity in animals. One of these two proteins, known as the F or fusion protein
because of its role in determining syncytivm formation, appeared to be a very stable protein
antigenically and strocturally., Research is now directed predominantly towards developing
methods of producing this protein in bulk as a potential sub-unit vaccine and the construc-
tion of live virus vaccines by recombination of the F protein gene into another virus (e.g-
vaccinia virus or adenovirus). Such live virus vectors could be used to deliver the protective
antigen to children safely and without the complications observed with the earlier crude
vaccines, which are thought to have been due to aberrant immune responses induced by
antigens damaged in the process of production of the vaccine.

Work on PI3V, which is the next most important causative agent in acute rmp;ratmy virus
infection in children, is at a comparable stage of development.

543 STRATEGIC PLAN

The second five years of the Programme should see a switch from basic molecular, immunol-
ogical and epidemiological studies to vaccine development proper. The route to develop-
ment of PI3V vaccine is clear, but limited by the diffuse nature of the target population and
the sporadic incidence of the disease. In the case of RSV the target group and the discase
entity are well-defined. The progression from basic research to vaccine development was is
held at present by lack of precise knowledge of the pathogenesis of RSV-induced disease and
by the memory of the exacerbation of disease provoked by the formalin-inactivated vaccine
tested in the sixties. A systematic and comprehensive study of this problem will be the main
thrust of the programme in the immediate future.
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ACUTE RESPIRATORY VIRAL INFECTIONS

ACTIVITIES TIMEFRAME

targeted epidemiological
studies 1: 1989-1992

study of vaccine-associated
immunopathology 2: 1989-1992

analysis of protective
TESpONses 3: 1989-1991

development and trials of

live attenuated vaccines

and of live vector based

vaccines 4: 1989-1993

Several candidate vaccines are now being developed but testing of a RSV vaccine will require
careful and thorough research in view of the vulnerability and sensitivity of the target popuo-
lation - infants in the first few months of life. The problem is urgent, global in extent, and
deserving of the highest priority. The most advanced techniques in molecular biology and
immunology are being mobilized for this research.

Three main priorities have been defined:

(1) Gathering of epidemiological data to assess the disease situation, to elucidate the role
of strain variation in reinfection and disease severity, and to determine vaccine
strategy.

(2) Studyofthe immunopathology of RS virus and PI3 virus infections and immunizations,
and the development of relevant animal models. Analysis of protective immune
responses, including humoral and cell-mediated immunity, in animals and man.

Support for development of live attenuated virus vaccines, vectored antigens, sub-unit
vaccines, and synthetic peptide vaccines.
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5.5 DENGUE AND JAPANESE ENCEPHALITIS

551 THEPROBLEM

Flaviviruses and their vectors are now spread over a very large area of the world. Dengue
is a mosquito-borne disease which occurs in almost all tropical countries. While itis generally
adebilitating but non-fatal illness, a proportion of infected patients experience a more severe
form of the disease called dengue haemorrhagic fever which is often complicated by shock.

Although all ages suffer from dengue fever, dengue haemorrhagic fever is most commonly
observed in children. During severe epidemics many of the infected infants and children can -
die, even if properly treated. Of all the arthropod-borne viral diseases, dengue fever is the
most common and is endemic in at least a third of the WHO Member States. The best
approximation is that 60 million dengue infections occur each year, but this is probably an
underestimate. In 1988 most continents reported dengue fever cases. Dengue viruses
typically circulate in endemic cycles characterized by constant, low numbers of infections
each year. Periodically, dengue explodes into an epidemic cycle during which up to 30% of
a population may be infected. Treatment is mainly supportive, since antiviral drug studles
have been unsuccessful. Furthermore, prevention of dengue by control of the mnaqmto
vector has proven difficult in developing countries.

Dengue is caused by any of four closely related viruses. Antibodies developed after recovery
from infection with one serotype of dengue do not protect against infection by other dengue
viruses. Unfortunately, the disease is uniquely complicated because a second infection with
a different serotype of dengue virus has been associated with an enhanced risk of developing
hacmorrhaglc fever and death. For this reason, dengue vaccines cannot be fielded one ata
time as they become available: it appears essential that an immunization programme against
dengue should provide simultaneous protection against all four serotypes. This could be
accomplished by using a mixture of four vaccines, made either by classical or recombinant
DNA methods. -~

Japanese encephalitis (JE) virus is a close biophysical relative of the dengue viruses and can
cause severe disease throughout much of Asia. A conservative estimate for JE is 40,000 cases
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per year, of which one third will die and one third will suffer very serious long-term effects.

The most commonly used JE vaccine is an inactivated vaccine made from homogenized,
infected mouse brain. Although it is used by a number of countries, it requires considerable
time and expertise for its production. It canbe hoped that progress madein the development
of dengue vaccines will lead directly to the production at low cost of an improved JE vaccine

5.5.2 TARGETED RESEARCH ACTIVITIES

The development of inactivated dengue vaccines has not been previously achieved because
these viruses do not grow to high enough yields in cell culture to provide sufficient antigen
for successful immunization. After many unsuccessful attempts, good progress has been
made with classically produced, live-attenuated virus vaccines for two of the four dengue
serotypes. However, it hasyet to be determined whether twoor more live-attenuated dengue
viruses inoculated into a person at the same time will grow (without interfering with each
other) or produce immunity. Concurrently with this approach, genetic engineering methods
using recombinant DNA technology are being pursued actively by the Programme.

At present, genetic engineering systems are successfully producing proteins found on the
surface of the viruses. Funded projects centre on engineering only that part of the virus
protein that will induce protective antibodies, and deleting any extraneous or potentially
harmful portions of the protein. The cell cultures and bacteria which act as protein-produc-
ing hosts for the dengue recombinant DNA (which directs the synthesis of the immunizing
proteins) are being optimized to allow maximum vaccine production. Several vaccine deliv-
ery systems are being studied and multiple bioengineering procedures are being compared.
Recent, very encouraging results show that some proteins produced in this manner will
immunize mice and protect them from lethal infection with dengue. In alternative ap-
proaches, the recombinant dengue DNA is being inserted into other live-attenuated virus
vaccines that may be used as living, recombinant multi-virus vaccines. The advantage of
these systems is that, as the live virus grows in the inoculated person, the dengue protein
derivedfrom the inserted DNA is also produced, and antibodies will be developed to it as well
ds to antigens of the live vaccine.

Finally, a protein that is not part of the virus but which is a nonstructural by-product of virus
growth, has beenshown to induce protective antibodies in mice. An advantage of this protein
15 that it does not induce the type of anti<dengue antibodies that exacerbate second infections
with other dengue viruses. Work is being supported on methods to produce sufficient
quantities of the protein in an appropriately pure state. Since the immunity induced by this
nonstructural protein is at the cellular level, it could be used singly in a vaccine, or combined
with the virus structural proteins to induce protective immunity.

In the area of JE, experiments are in progress to adapt some of the major findings made in
relation to the very similar dengue viruses.
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553 STRATEGICPLAN

WHO has been an effective focal point for coordinating the dengue and JE vaccine de-
velopment process. It has directed additional financial support to established laborato-
Ties to rapidly exploit new genetic engineering discoveries. It has provided a forum for
exchange of information among resarch workers. Its efforts have directly led to substan-
tial progress toward a vaccine for dengue. With continued financial backing, experimen-
tal dengue and JE vaccines should be available in the very near future.

DENGUE AND JAPANESE ENCEPHALITIS

ACTIVITIES TIMEFRAME
identify protective epitopes 1: 1987-1989
clone appropriate genes

€xpress genes in nnultiple
systems 2-3: 1989-1990

select best system(s) and
engineer multivalent vaccines 4: 1990-1992

vaccine trials 3 1992-1994

The main aim is to produce second generation vaccines (see chart annexed) by using the
following approaches:

(a) Identification of critical (protective, neutralizing and enhancing) epitopes.

(1) Human sera targets (viral protein exposure)

(i) Mouse monoclonal antibody production and characterization
(iif) Active mouse immunization (with isolated viral proteins)

(iv) Passive mouse immunization (with monoclonal antibodies)

Expression of critical (protective/neutralizing) epitopes.

(i) ¢DNA cloning and sequencing

{ii) Expression and/or synthesis of viral proteins and/or peptides
(i) Immunization experiments

(iv) Challenge experiments




Optimization of immunization.

(5 Adjuvants/immuno-enhancers

(i) Expression systems (E. coli, yeast etc.)
(i) Self-replicating vectors (yellow fever, vaccinia etc.)

Molecular definition of virulence.

Q) Cloning, sequencing and comparison of parent versus vaccine strain pairs

(ii) Cloning, sequencing and comparison of “classical” dengue versus dengue
haemorrhagic fever strain pairs

Construction of engineered live attenuated VACCINES.

Similar lines of research will be supported on JE.
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5.6 VIRAL HEPATITIS A AND NON-A, NON-B

5,61 THEPROBLEM

Approximately 25% of clinical hepatitis in many developed countries and up to 80% in
certain areas, is caused by hepatitis A (FHA) virus. HA continues to be endemic in many
developing countries and insome countries HA infects almost 100% of the populationby age
five to ten years. Such infections in infants and children are often unrecognized. However,
as sanitary conditions improve, the average age of exposure to HA virus increases and a
paradorxical increase in clinically expressed HA is usually observed. (The importance of this
phenomenon was particularly demonstrated during a recent outbreak of HA in Shanghai
with over 300,000 cases reported in March 1988.) Passive immunoprophylaxis (human
immunoglobulin) is effective but of only temporary benefit. Active immunization would be
a more practical approach to the control of HA.

Enterically transmitted hepatitis non-A, non-B (HINANB(E)) is associated with large epi-
demics of outbreaks of disease in Asia, the Indian subcontinent, Africa and North America.
Characteristic clinical features of this disease include a high attack rate in adults and a high
case fatality rate (average 20%) in pregnant women. The hepatitis induced by parenterally
transmitted hepatitis non-A, non-B - HNANB(P) . Itis estimated to account for more than
70% of post-transfusion hepatitis in many countries. Chronic HNANB(P) occurs in 40-50%
of affected patients and 10-25% may develop cirthosis. For both types of HNANB, no
specific diagnostic tests exist, novaccines are available and there is no evidence for the value
of prophylaxis with normal human immunoglobulin. The agents inducing HNANB(E) and
HNANE(P) were recently discovered and cloned however and there is a good prospect for
developing specific reagents and eventually, vaccines. A diagnostic assay for HNANB(P)
(also called hepatitis C virus) has recently been reported.
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5.6.2 TARGETED RESEARCH ACTIVITIES

The most notable advances since 1984 include: the determination and interpretation of the
complete nucleotide sequences of several strains of hepatitis A virus; the development of
candidate inactivatedwhole virus HAV vaccines; the construction of infectious cDNA clones
as a basis for the development of new vaccines; the identification of genetic determinants of
attenuation and adaptation to cell culture; the isolation and characterization of monoclonal
antibodies and their use in identifying antigenic sites on the virus; the collection and
characterization of hepatitis strains of diverse origins and the construction of hepatitis A/
poliovirus chimaeras. These achievements set up the basis for the development of new

candidate attenuvated vaccines in a short-term future.

ACTIVITIES

(a)  HEPATITIS A

1. collect A strains

2. genomic analysis

3. protective epitopes

4. engineer attenuated vaccines
5. Hep. A vaccine trials

) HEPATITIS nAnB

1 nAnB genes and antigen
characterization

2. nAnB probes

3. nAnB vaccines

VIRAL HEPATITIS A AND NON-A, NON-B VACCINES

TIMEFRAME

1-3: 1989-1990

4: 1990-1991

5: 1991-1992

1-3: 1990-1995
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563 STRATEGIC PLAN

(a) HEPATITIS A (HA)

The development of inactivated HAV vaccines is at an advanced Jevel, with early human
trials now in progress. Such vaccines are certain to be expensive, however, and are unlikely
to achieve the relatively low cost and wide availability of current inactivated poliovirus
vaccines. Thus the Steering Committee should encourage research into alternative vaccines
(attenuated HAV vaccines, or vaccines using synthetic antigens or antigens prepared by
controlled gene expression), while seeking approaches to enhance currentyieldsof HAVin
cell culture that may lower production costs of inactivated vaccines.

Research priorities include:

@

(if)

(i)

™)

(vi)

(vii)

Studies concerning the pathogenésis of hepatitis A with particular focus on
extrahepatic replication sites that would offer hope for attenuated vaccine
development through altered tissue tropism of HAV.

Studies concerning protecﬁ#e immunity against hepatitis A, inchuding hu-

~ moral (local and systemlc) and cell-mediated immune mechanisms, and the

determination of in vitro correlates of protection in vivo.

Studlcs aimed at determining the molecular basis of the relatively restncted
growth of HAV in cell culture, with the goal of improving yields of virus
available for inactivated vaccine production.

Further development of ¢cDNA clones to include an infectious, virulent
¢DNA construct, and the use of such clones to ascertain the genetic bases of
hepatovirulence and attenuation of HAV and to facilitate construction of
attenuated strains by strategic modifications to the genome.

Identification of antigenic sites of HAV relevant to protective immunity
through a combination of X-ray crystallography, and evaluation of monoclo-
nal antibody resistant mutants; determination of the antigenic nature of
empty HAV capsids produced in cell cultore,

Development of experimental HAV vaccines using antigens expressed by
controlled gene expression, synthetic oligopeptides, or live virus vectors.

Development of alternative non-primate models in which the immunogen-
icity and attenuation characteristics of candidate HAV vaccines may be
evaluated.
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(b) ENTERICALLY TRANSMITTED NANB

NANB-ET is an epidemic agent with considerable medical importance in a number of de-
veloping countries. Recent advances in the identification of a virus have raised the possibil-
ity of development of a vaccine for NANB-ET, although there is a need for much more basic
information concerning this agent. Research priorities thus include:

(i) Further identification and characterization of the agent(s) responsible for
NANB-ET.

(it) Further development of animal models of NANB-ET.

(i) Adaptation of the agent(s) to cell culture.

(iv) Use of antigens derived from cell culture-adapted virus, or expressed by
recombinant DNA technology, to develop specific diagnostic tests and can-
didate vaccines.

(c) PARENTERALLY TRANSMITTED NANB

The Steering Committee considered NANB-PT be a medically important disease with po-
tentially far ranging consequences. As further scientific progress occurs in this field and a
strong correlation of NANB-PT infection with disease is made, the Steering Committee
anticipated that it would encourage specific vaccine development efforts in this area.
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6. SPECIFIC AREAS IN
~ TRANSDISEASE VACCINOLOGY

TRANSDISEASE

1-CONTROLLED RELEASE VACCINOLOGY
VACCINES

2-ORAL
VACCINES

-NEW ADJUVAN
3.LIVE VIRAL OR 4-NEW ADJUVANTS

BACTERIAL
VECTORS 5-OPTIMAL CARRIERS
FOR SUB-UNIT
VACCINES
6-OPTIMIZE ANTIGEN

PRESENTATION
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DPT1 vs DPT3: DROP-OUTS
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FIGURE 1

Vaccination coverage, in children from selected African countries, for diphtheria-
pertussis-tetanus (DPT).

Black columns : % children receiving first dose

Empty columns : % children receiving third dose

A good coverage exists in some countries (e.g. Algeria, Botswana, Lesotho), whereas
it is more difficult to achieve this coverage in many others (e.g. Liberia, Burkina Faso,
Ghana, Sierra Leone).
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6.1 DEVELOPMENT OF SINGLE-DOSE VACCINES

6.1.1 LIMITATION OF VACCINE COVERAGE DUE TO THE NEED
FOR REPEATED VACCINE ADMINISTRATION

EPI vaccinates against the six major childhood diseases for which vaccines exist: toberculo-
sis, diphtheria, pertussis, tetanus (DPT) (including neonatal tetanus, TT), poliomyelitis and .
measles. These vaccine preventable diseases play a major role in child morbidity and mor-
tality worldwide. The current aim of EPI is to increase immunization coverage and the
availability of these vaccines in order to reduce the incidence of the target diseases. .,

The current schedule for vaccine delivery now involves five contacts between the health-care
workers and the child and two contacts with pregnant women (prevention of neonatal teta-
nus). The time schedule for children in most areas of the world calls for the first contact at
birth and the subsequent contacts at six, ten and fourteen week and at nine months.

Itis clear from the immmunization schedule that several constraints exist. In order to befully
irornunized against diphtheria, pertussis, tetanus and poliomyelitis three doses are needed
and to be fully protected against neonatal tetanus, women of child bearing age must receive
five appropriately spaced doses of the vaccine. The drop out rate for those receiving the first
dose, but not the final dose necessary for full immunization, is significantly high in many areas
of the world. For example, there was an average drop-out rate of 46% recorded for DPT
vaccination in the South-East Asian Region, which represents at least seven million children
per year at risk if protection against such deadly diseases is insufficient. Reasons for these
drop-out rates are numerous: difficulty of access, unavailability of vaccines, ignorance on the
part of parents of the fact that some vaccines require multiple doses, lack of faith in
vaccination, fear of side effects, sickness at the scheduled time of vaccination. Countries with
large numbers of people living in poverty, countries with large numbers of people living in
isolated or hard to reach areas, and countries experiencing war or political turmoil are often
the areas in which this problem of dropping out and overall low immunization coverage is the
most extreme. Similar data were recorded in the African Region. As outlined in table 2, and
represented in Figure 1, it would seex obvious that drop-out rates are particolarly high in
countries where the vaccination coverage for the first dose of DPT was relatively low.

Therefore, being able to fully immunize at the first health-care contact would significantly
raise the coverage and directly reduce disease incidence. ‘

It is also striking that close to 800 000 neonates still die of tetanus whereas this disease:jc:()uld
be prevented by efficient immunization of women at child bearing age. This is particularly
hampered by the requirement for multiple injections.
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6.1.2 TARGETED RESEARCH ACTIVITIES
AND STRATEGIC PLAN

6.1.2.1 OBJECTIVE

At present, research to improve delivery systems for vaccines is not extensive. One of the
goals of Transdisease Vaccinology is to develop a strategy to convert multiple dose vaccines
into single dose vaccines with the same or increased effectiveness. This would represent, at
least, two main advantages over the existing vaccines: the improvement in immunization
coverage, and the reduction in vaccination costs.

Although at the beginning of the implementation of this programme the cost of each individ-
ual vaccine would be higher because of the new technology employed, in the long run
vaccination would be less expensive due to the reduction of equipment and personnel invil-
ved in handling and administering the vaccines, which represents the major part of immuni-
zation costs.

6.1.2.2 OUTPUT ONE: DEVELOP A NEW TETANUS VACCINE
REQUIRING ONLY ONE INJECTION

Prevention of neonatal tetanus would greatly benefit from the development of a vaccine
requiring only one injection in womenat child bearing age. Therefore, the first priority of this
project is to develop a single-dose tetanus vaccine.

The ideal preparation should deliver antigen in such a way that a long-lasting effect is
achieved with a single injection and provides protection as good as, or even better than, the
conventional vaccine.

Controlled-relcase systems, already applied to deliver a whole array of drugs and bormones
(both in cattle and in man), appear to be one way of accomplishing this goal. Two alterna-
tives have been proposed: pulsed and continuous delivery systems. The first would mimic
the conventional vaccination schedules, e.g. three to four doses separated by tentative inter-
valsof 1,2 and 3 months. The second is 2 continuous delivery of antigen over a period of time
to be established.

The pharmaceutical industry has developed a whole spectrum of vehicles designed for the
controlled release of active substances, such as biodegradable synthetic polymers, li-
posomes, mini-infusion pumps, microsponges, bioerodible glasses, etc. At present, the
polymers of lactic and glycolic acids (PLA/PGA) seem to be good candidates for the
formulation of slow-release vaccines because they are biodegradable, biocompatible and
suitable for the technological processing, such as the preparation of injectable microspheres
or microcapsules. In addition, the existing extensive toxicological documentation may
facilitate their approval for use in vaccination in humans.
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The strategy to implement the Transdisease Vaccinology programme was to set up cominis-
sioned research and to advertise the programme priorities, requesting scientific applications
for support The single-shot tetanus toxoid vaccine that we wish to develop constitutes an
area that deserves targeted efforts within a short period of time. Consequently, appropriate
public and private research groups on a worldwide basis were approached and asked to

submit specific proposals.
The following activities have been planned:

Activity 1: Preparation of commissioned research, August 1988 to March 1989. Re-
sponsible party: WHO Secretariat, Microbiology and Immunology Support
Services (MIM)

(a) Establish contact with tetanus vaccine producers and knowledgééble
groups dealing with controlled release systems in private and academic insti-
tutions (Scptembﬂr 1988) 37 mstltutlons have be.f.:n contacted L

(b) Reaquest prehmmary pro;e.cts from mterested groups (towards the end
of 1988).24 pmposa]s were re:oelved from academles, research and commer-
cial institutions. | :

(c) Evaluation of proposals; setting up an advisory committee; site visits;
. selection of projects rcpmsennng dlﬂ:'erent mntmlle:d release systems (Feb-
ruary to March 1989). : ‘

These outlmes were rewewed by members of the Secretariat with wrth the assistance of
specialists at two meetings (16 and 26 January 1989) according to the following criteria:
quality of product preparation, type of vehicle, facilities and expertise of the group, safety of
the vehicle, cost and time imvolved. At the final selection, biodegradable polymers were
chosen as the most useful vehicles and it was decided that both systems (continuous: and
pulsed) should be studied. It was also decided to arrange site visits to selected groups.

Based on the report of the respective site visits, several groups were selectied for initial fund-
ing as follows: (a) to compare continuous versus pulsed release systems using PLA/PGA

injectable microspheres; (b) to study mainly pulsed release systems of PLA/PGA comparing
polymers with or without adjuvant effect; (c) companson of PLA/PGA polymers with a new

type of biodegradable polymer. -

Activity 2: Development of several different single dose tetanus vaccines with coordi-
nation by WHO Secretariat (April 1989 to July 1990).

(a) Finalization of research contracts.
(b) Supply of tetanus toxoid to candidate manufacturers.

(c) Monitoring of development (quarterly reports site visits).
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(d) Invitro evaluation of first products (stability, release pattern).

(e) Invivo evaluation of first products (animal experiments): toxicity, release
patterns, and relative immunogenicity.

() Comparison of continuous versus pulse release systems invivo (animals).

(g) Meeting of investigators to.review data in Avgust 1990 (during the
meeting of the International Controlled Release Society).

(h) Evaluation by regulatory authorities and design of Phase I trials.

Activity 3; Phase I trials of single dose tetanus vaccines in selected centres in industri-
alized countries (1991).

Activity 4: Phase 11 trials organized by WHO with WHO Collaborating Centres and
national authorities (1992) and application at country level (1992-1995).

6.1.23 OUTPUT TWO: APPLICATION OF SINGLE DOSE VACCINE
TECHNOLOGY TO MULTIVALENT VACCINES

Activity 1: Studies of applicability of controlled release systems to multivalent com-
bined vaccines including (a) DPT; (b) hepatitis B; and possibly, at a later

stage, (c) polio 1-2-3. This activity will be carried out by the groups involved
in output one for vaccine development (from 1990-1991).

Activity 2: In vitro evaluation (stability, release patterns).

Activity 3: In vivo evaluation of single dose multiple vaccines (animal experiments) with
WHO collaborating centres and contractors (1992-1994).

Activity 4: Evahiation of vaccines in human trials:
(a) Phase I (1995-1996)

(b) Phase IT (1996-1997) 4
with WHO collaborating centres and national authorities.

Budgetary implications are shown on pages 71.
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PROPOSED BUDGET FOR AN ACCELERATED
DEVELOPMENT OF SINGLE DOSE VACCINES

1989-90 1990-91 1991-92
Us$ US$ US$
Research contracts 300,000 * 500,000 600,000
Consultants and Temporary 15,000 30,000 30,000
Advisers (including meeting '
of investigators)
Antigen supply 10,000 10,000 20,000
In vivo testing (animals) 25,000 25,000 20,000
Initial human trials - 30,000 60,000
350,000 595,000 730,000

* initial funding already obligated: US$150,000

71-7%
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6.2 DEVELOPMENT OF ORAL VACCINES AND
IMPROVEMENT OF VACCINE DESIGN
FOR INCREASING PROTECTIVE EFFICIENCY

62.1 THEPROBLEM

As described in chapter 3, vaccine coverage would greatly benefit from the availability of
vaccines designed for oral administration as well as of systems to increased the capacity
of various vaccines to induce an appropriate protective immunity- 5

There are now new imrmmological adjuvants designed to be incorporated into vaccine
preparations but their relative efficiency as potentiators of the immune respnose has not yet
been fully assessed. Futhermore, live viruses (¢.g. Vaccinia, adenoviruses) and live bacteria
(e.g. non-pathogenic Salmonella or BCG) can now be genetically engineered to seive as
vaccine vehicles, but their relative efficiency and safety should be assessed and impraved.

Another problem common to many new candidate vaccines, particularly sub-unit vacéines
which are based on the use of synthetic peptides or purified polysaccharides, is the lack of
appropriate immunogenicity. There is alack of knowledge concerning the optimal carriers
(proteins or small peptides) to be used as conjugates with sub-unit vaccines to obtain suffi-
cient immune responses and the duration of the immunity conferred by vaccination is-often
limited. The induction of effective immunity also requires the generation of immunological
effector mechanisms adapted to the infectious tarpet. '

6.22 TARGETED RESEARCH ACTIVITIES

6.2.2.1 DEVELOPMENT OF ORAL VACCINES

Activity 1 Develop oral vaccines using physicochemical means. Contracts will

be made with scientists outside WHO to promote research aiming to design
new vaccines which would induce appropriate immune responses after orat
administration. This approach will include the use of particular properties
of certain peptides which can be combined with conventional vaccines to
favour their binding and absorption at intestinal level, and to generate
responses at mucosal surfaces as well as protective systemic Tesponscs.
Similarly, oral vaccines based on encapsulation of antigen in appropriately
designed microcapsules will be tested. Results from these studies will also be
of interest to the other relevant WHO programmes including CDD. How-
ever, model vaccines developed under this activity to validate the new
approaches will differ from those included in CDD.

Six projects are already supported in 1989 in this area of research. Apph-
cable results are expected from 1994 to 1998.
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Activity 2 Develop oral vaccines using the live vector approach. Research contracts
will be issued to scientists aiming to engineer enterobacteria or enteroviruses
which can be used as vectors for live vaccines given by the oral route. The
experience gained with oral polio vaccines and typhoid vaccines demon-
strate the feasibility of this approach. Live vectors will be selected for their
safety, genetic stability, lack of side effects and capacity to express foreign
antigens. Applicable results are expected between 1994 to 1998. The crite-
rion for success will be the availability of an efficient orallive vaccine for one
disease.

One project has been supported in 1989.

6.2.2.2 APPLICATION OF GENETIC ENGINEERING TOQ THE DEVELOPMENT
OF VACCINES BASED ON LIVE VIRUSES OR NON-PATHOGENIC
BACTERIA AS VEHICLES (e.g Vaccinia, adenovirus, BCG, Salmonella)

Ratignale: For a number of infections diseases, optimal protection can only be achieved
using live microorganisms (e.g. attenuated viruses). The integration of one or several genes
coding major protective antigens from one or several infections agents into the genome of
a single live vector is of considerable interest for the development of easily administered,
long-lasting, and optimally effective vaccines. A number of the vaccines would be designed
for oral administration, with the objective of further simplifying delivery and, as often
required, to generate immunity at the level of mucosal surfaces.

Activity 1 Preparatory phase: reviewing and defining safety requirements for
the use of live viral or bacterial vectors as vaccine vehicles, will be

undertaken by a meeting to be held at WHOHeadquarters, Geneva,infune1989,
with the participation of scientists involved in this type of vaccine design,
regulatory authorities and those experienced in the use of potential live
vectors in humans or animals.

Particular attention will be given to safety, ethical and environmental
issues. This meeting is being organized by the Microbiology and Immuno-
logy Support Services (MIM), jointly with EPL, CDD, TDR and GPA.

Activity 2 Promoting and supporting research aiming to set up criteria for the selection

of vectors for different vaccines. Since 1988, applications for research
contracts have been requested in order to answer basic questions relating to
the use of such vectors: (a) role of the vector in influencing the type of
response generated by the new vaccine (protective or detrimental); (b) pos-
sible effects of previous natural or induced immunization of the host against
the vector; (¢) effects and limitations of the use of live vectors during the
neonatal periods; (d) potential pathogenicity of certain vectors in immu-
nodeficient children (e.g. ATDS); (e) possibility to use certain live vectors by
the oral route. This activity will be carried out by contracting out research to
mstitutions outside WHO after selection of proposals by the Transdisease
Vaccinology Steering Committee, which will also review the progress of
research.
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6223 IMPROVEMENT OF VACCINE DESIGN FOR
INCREASING PROTECTIVE EFFICACY

OUTPUTONE DEVELOP SYSTEMS FOR INCREASING IMMUNOGENICITY
OF INJECTED VACCINES

Immunological “adjuvants” are substances which increase the intensity and
the duration of the imomune response to vaccines. Only few adjuvants are
available for human use. A new generation of non-toxic adjuvants is now
being produced. These adjuvants will be assessed by setting-up comparative
studies, first in animal models then in man. Such studies would be initiated
towards the end of 1989 and the first comparative studies should be com-
pleted by the beginning of 1991. The criterion for success will be the availa-
bility of one effective adjuvant without side-effects, tnbc:mtegratcd inatleast
one vaccine preparation by 1993. :

OUTPUT TWO DEVELOP IMPROVED IMMUNOLOGICAL “CARRIERS”
FOR SUBUNIT VACCINES

Several t:xlsnng (e.g. memngms vaccnnes) or ne:wly df:veloped vaccines, are
based on the use of “sub-units™ which can be obtained at low cost (e.g.
bacterial polysaccharide or synthetic peptides). The use of such sub-unit
vaccines in young children is often hampered by an insufficient capacity to
generate a long-lasting protective response. It is known that their effective-
ness can be considerably enhanced by conjugating such vaccines with larger
molecules (e.g. tetanus toxoid). One major drawback of this approachis the
difficulty to reproducibly prepare such conjugates. Arecent development in
immunology is now shedding new light on the requirements for such “carri-
ers” to be effective in the great majority of vaccinated individuals. Research
will be encouraged atming to synthesize “universal” peptidic carriers which
could be used for many sub-unit vaccines. This will also encompass research
to improve conjugation procedures, particularly for polysaccharide vac-
cines. 4 projects are already supported in 1989 in these two research area.
The efficacy of the new conjugates will be tested first in animals then in man.

This research will be organized by issuing contracts to scientists formulating
appropriate proposals.

The criterion for success would be the availability by 1994 of a new sub-unit
vaccine based on the use of such “universal” carriers to be integrated in
human trials by 1995.
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OUTPUT THREE DEFINITION OF THE REQUIREMENTS FOR INDUCING
APPROPRIATE MECHANISMS OF PROTECTION AND
LONG-LASTING EFFECTS FOLLOWING VACCINATION.

It is now well established that preventing different types of infections by
viruses, intracellular bacteria, extracellular bacteria or parasites requires
different types of protective mechanisms. It now appears possible to influ-
ence the immunological defence mechanisms resulting from vaccination by
selecting different vaccine desipns. Similarly, the generation of along-lasting
immunological memory, which is essential for long-term protective effects,
might be influenced by the type of vaccine constructed.

Research will be promoted (through contracts) to further define the factors
regulating the selection of the different types of immune responses to vac-
¢ines and to develop new vaccine preparations, taking into account these
modulatory effects. These preparations will be assessed in animal trials and
human trials.

Criteria for success will be the definition of essential requirements (1992 to
1994) and the actual use of appropriate enhancers of immune response and/
or of vectors, produced by genetic engineering, in one or more human vac-
cine preparations (by 1997). 4 projects are presently supported in 1989in thi s
area of research.
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