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1. OPENING OF THE MEETING
1.1 OPENING REMARKS
Director-General

The 11th Session of the Scientific Advisory Group of Experts (SAGE) was officially
opened by Dr H. Nakajima, Director-General of the World Health Organtzation (WHO).
Dr Nakajima warmly welcomed the members of SAGE and recalled that the age-old dream of
eradicating a human disease has been achieved only once with smallpox and that vaccination had
been the instrument of success. As a result of the expansion of immunization programmes at a
global level, the elimination of poliomyelitis, measles and neonatal tetanus has now come into
close reach.

The importance of vaceine research is underlined by the fact that progress now being made
in vaccine development for diseases which have so-far not been preventable by vaccines, may lead
to a four- to five-fold reduction of the death toll among children. Dr Nakajima emphasized, that
the Programme for Vaccine Development (PVD) had been a model for the promotion of such
research activities at an international level, in terms of achievement as well as cost effectiveness.
With very limited resources PVD stimulated interest in several of the neglected diseases as
demonstrated by the number of candidate vaccines now becoming available. Dr Nakajima
expressed his appreciation of the important role played by SAGE members in facilitating the
rernarkable progress made in basic vaceine research as well as in the application of these
achievernents to vaccine development.

A characteristic of vaccine-related research efforts is their often decade-long development
periods. It lies within the mandate and the capacities of WHO to pursue such long-term efforts in
order to ensure that our children, or at least our grandchildren, may benefit from new vaccines
against some of the most challenging diseases of our time, such as tuberculosis and AIDS.

Al the beginning of 1994 special priority was given to WHO programmes dealing with
vaccines. This led to the establishment of the (Global Programme for Vaccines and Immunization
(GPV), which was created by merging PVD with the Expanded Programme on Immumzation and
by adding a third component to deal with vaccine supply and quality control. This new structure
will favour the coordination of activities between GPV and the Children's Vaccine Initiative (CVI),
Furthermore, the appointment of Dr J. W. Lee as both Director of the Global Programme and
Acting Director of CVI will ensure that CVI activities will complement those of GPV and other
WHO programmes, to the benefit of all concerned.

In conclusion, Dr Nakajima expressed his conviction, that these changes will create the
appropriate climate of confidence which, 1n return, should bring an increase of resources for
vaccine research and immunization activities.

Director GPV

Dr J. W. Lee, Director of GPV and Acting Director of CVI, also conveyed a warm
welcome to the members of SAGE. He reminded the assembly that it was in response to the
tremendous progress and to the nsing challenges to be met in the field of immunization that CVI
had been established at the children's summit in 1990. In 1994, the same considerations prompted
WHO 1o integrate 1ts vaccine related programmes under the umbrella of GPV. This reorganization
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within WHOQ will complement the CVI structures and thus allow achievement of the goals
established at the children’s summit.

GPV has three operational areas: (i) Vaccine Research and Development (VRD), (ii)
Vaccine Supply and Quality (VSQ) and (jii) the Expanded Programme on Immunization (EPI).
VRD (the former Programme for Vaccine Development - PVD) will serve as the primary research
arm of GPV, seeking to stimulate and support research activities which should lead to the
availability and better use of vaccines. VSQ will work with countries, donors and vaccine
manufacturers to ensure that sufficient quantities of high quality vaccines are available to the
world's children. EPI will define strategies for the effective use of vaccines and provide technical
and logistic support to national immunization programmes. The linking of vaccine research,
development, supply and delivery within GPV ("from the bench to the bush”) should produce
a synergistic effect thus making it possible to protect more efficiently children in developing
countries from illness, disability and death.

Dr Lee expressed his belief that this reorganization will strengthen research and
development activities inside WHO by providing closer coordination with CVI's Product
Development Groups (PDG) and the CVI research community. It will also provide a mechanism
for a better identification of the operational and epidemiological needs of country immunization
programmes and for a more efficient communication of these needs to those responsible for setting
research priorities.

Recognizing the global impact of SAGE in determining research priorities for WHO,
DrLee made it clear that advice from such a distinguished panel of experts will be also
indispensable within the new structure. Finally, DrLee looked forward to the continued
involvement of SAGE who will be facing the challenges of restructuring and wished the
participants success in their deliberations.

1.2  INTRODUCTION BY THE CHAIRMAN OF SAGE

Sir Gustav Nossal opened the meeting by welcoming Dr S. K Lam as a new member of
SAGE and the first participation of a representative of the United Nations Industrial Development
Organization (UNIDO), Dr Z. Csizer.

Sir Gustav emphasized the historic magnitude of the recent restructuring of WHO's
vaccine-related activities into one programme. By its global impact as well as its potential
benefits, this merger may turn out to be one of the most challenging yet most inspiring endeavours
in the history of medicine. Within this new structure, named the Global Programme for Vaccines
and Immunization (GPV), a continuum will be created, ranging from the most basic scientific
aspects of protective immunity through the more practical stages of vaccine development, clinical
testing and vaccine manufacturing to the public health aspects involving health £Conomics,
logistics, national programme support and epidemiological follow-up. There 15 only one
organization with the mandate and capabilities to fulfil this task, namely WHO. Organisms like
SAGE allow WHO to reach into a global pool of knowledge and expertise in order to draw
guidelines and define priorities.

Through the creation of GPV a door has been opened wide to solve an old problem: the gap
that separates biomedical research and the public health community. This opportunity to bridge
this gap should not be missed.




2. OVERVIEW OF RESEARCH ACTIVITIES

Dr P.H. Lambert, Chief, Vaccine Research and Development, Global Programme for
Vaccines and Immunization (GPV/VRD), who presented this overview, first wished to emphasize
that vaccine research represents the future of imtmunization programmes. He recalled that
immunization has proved to be one of the most successful approaches to disease control and that
the global extension of immunization coverage using existing vaccines has paved the way for
broader objectives. Should appropriate vaccines exist to prevent diarrhoeal diseases, acute
respiratory infections, tuberculosis, malaria, or typhoid fever, the potential impact of EPI on public
health could be multiplied at least by a factor of four.

Therefore, research and development
efforts within GPV/VRD will be aimed
at promoting the development of such
new vaccines as well as at finding ways
to  improve the efficacy of
ummunization strategies using existing
vaccines. The new GPV/VRD unit was
recently formed by adding to PVD the
Research and Development (R & D)
section of EPI.  This move will
facilitate the shift towards more field
research, including vaccine trials, and
will be important in bridging the gap
between research activities and the

.meningitiz NS :

. Bcrespinfect.
. (bactorial). .

needs of the operational units of GPV.

2.1 WHICH ROLE FOR GPV/YRD IN THE PROMOTION OF VACCINE
RESEARCH ?

The relative paucity of funds available for internationally coordinated research efforts is
limiting the direct funding of vaccine research by WHO or similar organizations. This limited
international funding is evident when compared to the support provided for similar activities at
national level in some countries and to the considerable amounts invested by industry to develop
just a few vaccines. Nevertheless, the small amount of funds dedicated by PVD, particularly in the
last five years, to promote the development of some vaccines considered of primary importance for
public health in developing countnies can clearly play a critical role n the following areas:

(i) indicating clearly research priorities, as defined by some of the world’s best experts
within VRD advisory bodies in each vaccine area, with special aftention to specific
requirements for vaceines to be used in developing countries (c.g. measles, tuberculosis, or
meningococeal vaccine rescarch);

(11) setting-up coordination mechanisms, at a global level, to use resources available at
various national or international levels in targeted and commonly defined approaches (e.g.

cholera and shigellosis vaccines);




(iii) stimulating the interest of industry for somewhat neglected vaccines through the
preparation and partial support of essential clinical trials at appropriate field sites or vaccine

evaluation centres {(e.g. meningitis vaccines);

(iv) promoting research at the forefront of vaccine development in areas which appear most

promising for vaccines to be used in developing countries (e.g. nucleic acid vaccines,
mucosal or single-dose immunization). This also appears useful for other WHO
programmes (TDR, GPA);

(v) providing various training opportunities for scientists from developing countries.

22 RESEARCH PRIORITIES

In the year 1993/1994 the priorities of GPV/VRD were based on the decisions taken at the
SAGE meeting held in June 1993. The budget for research was distributed to the various areas of
VRD following recommendations of SAGE. This is surmmarized in Table 1 below.

On the above basis, 104 projects were funded: 33 new, 37 renewals and 34 pro-active
projects, The latter were initiated in the following areas: clinical trials, production of vaccine
antigens, setting-up of standardized animal models, banks of reagents.

Table 1.

GPV/PVD PRIORITIES AND BUDGET 1993-94
{% of research budget)

DISEASE-SPECIFIC VACCINOLOGY TRANSDISEASE VACCINQLOGY

» DIARRHOEAL DISEASES 18 %
« TUBERCULOSIS 15 % * MUCOSAL IMMUNIZATION 12 %
* MENINGITIS - PNELIMONIA 14 % * VACCINE DELIVERY
5YSTEMS
= MEASLES 1 % (Incl. s-doze vace.) 4 %
« PENGUE 12 %
SUB-TOTAL 0% SUB-TOTAL %

COORDINATION OF R & D ACTIVITIES

« HEPATITIS VACCINES : A, G, E
« POLIO
« RESPIRATORY SYNCYTIAL VIRUS

SUB-TOTAL 9%

In 1994,. the Steering Committzes (SCs) reviewed 308 proposals (new, renewals) and
recommended 117 projects for funding including 49 new, 31 renewals and 37 pro-active projects.

23  SOME ACHIEVEMENTS

Concrete progress was made towards the development of a number of new vaccines and the
assessment of new concepts of immunization. The main activities for the various disease-specific
components of VRD are summarized in Table 2, which stresses the increasing involvement of SCs
in downstream activities, particularly in the areas of meningitis and diarthoeal diseases.
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Table 2

{Disease-specific vaccinology)

Definition

Standardized

New 'céi:ud“iﬂatg.g .

TARGET New  immunization oot Vaccioe.clinical trialy
DISEASES approaches correlates ‘of | aninmal madels ‘vaccines . o

immunity ’ o I S
Meningitis/ Group B mening. | Stand. tests for | Group B mening. | 3 proup  AC | Group B trial (IS)
Preumonia moditied 1'5 group B mening. monkey mod. mening conjug. in | Group A,C : Gambia

Pn- proteing 1594

Diarrhoeal Rivalent cholera | Assessment  of | RITARD (cholera) | 3 cand.-vage. for | Thailand
diseases VACCINgS mucosal response | & 0139 cholera {0139 chall)

LPS shigalla vace,
Typhoid conjug.

Rotavirus models

Vi Ty21A (typhotd)

Tuberculosis Sub-unit vacc. T  eel tespr. | Stand, mouse & g- | Prod. antipens (new skin tests)
Cosmyc project patierns pig mod.
Measles Site-die. mutation Assessment CTL | Monkey mod. Prod. rec.antigens
DNA vace. Tesp. safety + fmm,
Dengue/JE Infuct. clones Ree dengue | (Nath’s  vacc.  in
YF vecior vaccinia Thailand)
rec JE-vaccinia
Hepatitis Site-atten, HepA Standard.  inacliv. Hep, C: HCV | Atten. HAV (China)
HAV classific,
rec, HEV
Folio Transgenic  mice

{vacc. safety cval)

Table 2 also shows a tuming point in the field of tuberculosis, where the SC now appears
strongly convinced of the feasibility of a new tuberculosis vaccine, although this is not a short-term

cndeavour.

Remarkable progress has also been made in the transdisease vaccinology (TDV)
component in close association with the other SCs. For example, TDV is playing a leading role in
the area of nucleic acid vaccines which represent a most exciting development in vaccinology .

It can be expected that an increasing number of candidate vaccines will soon reach the
stage of clinical trials. This evolution will require an increased epidemiological support and will be
facilitated by the establishment of a field research steering committec as an integral part of

GPV/VRD.
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INTERACTIONS WITH VACCINE PRODUCERS

Several SCs have initiated active collaboration with vaccine producers in both the public
and private sectors (Table 3) to stimulate or acceleratc the development of vaccines of particular
interest for developing countries (group B meningococeal vaccines, group A,C meningococcal
conjugates, cholera, dengue).




Table 3

VACCINES COLLABORATION  GPVINVOLVEMENT . TERMS OF AGREEMENT*

WITH PRODUCERS N R ,
| Collab. with 2 public sector Clinical trials (including TSAs, preferential pricing
i producers: challenge) for dev. countries.
| bivalent 01+ 0139

| Collab. with 2 public sector Comparative studies of TSAs, preferential pricing
producers: OMP, LPS vaccines  immunogenicity for dev. countries.

Collab. with 3 private sector Coordination and Agreements for pilot production
producers: O3 conjugates standardization of assays; under GMP: APWSs, preferential
¢clinical trials in Africa pricing for dev. countries.

Collab. with ! public sector Initiation of development Agreement for development and

producer: YF-vector pilot production under
GMP:TSAs, preferential pricing
for dev. countries.

Collab. with 1(2) public sector Initiation of development Agreement for development.
producer(s): stabil, CR-TT Non-exclusive license, preferential
pricing for dev. countries
(jointly with CVI/PDG)

Collab. with 1 private sector Comparative experimental Formal Exchange of Letters;
studies in monkeys declaration of intent

* TSA = Technical Services Agreement, APW = Agreement for Performance of Work

For some of these activities, such collaborative agreements were set up jointly with the
relevant CVI Product Development Group (e.g. controlled release)

2.5 INVOLVEMENT OF SCIENTISTS FROM DEVELOPING COUNTRIES

An increasing number of scientists from developing countries are directly participating n
rescarch activities under GPV/VRD auspices. It is expected that this trend will continue,
particularly in view of the augmentation of downstream activities, including field trials.




3. PRESENTATION OF PROGRESS REPORTS ON SPECIFIC
VRD AREAS

3.1 ENCAPSULATED BACTERIA

Dr Claire V. Broome, Chairman of the SC on Encapsulated Bactena Vaccines,
summarized the activities and the accomplishments of the SC during the past year.

3.1.1 Group A meningococcal vaccines
(a) Current status of epidemic meningococcal disease

Group A meningococci are the cause of major recurrent epidemics in subsaharan
Africa and in China. In countries like Ethiopia this disease continues to be a serious public
health problem in children, with 40 000 cases in one recent outbreak and a fatality rate of
10%. Currently used polysaccharide vaccines are very efficient in older children but do not
afford a sufficient degree of protection in infants. They can therefore only be used in
expensive and disruptive emergency interventions and not in routine infant immunization
programnmes.

In infections with Haemophilus influenzae type b (Hib), infant non-responsiveness
to major polysaccharide antigens has been shown to be avoidable using conjugate vacemes.
Application of this technique to group A meningococcus is a commercially less desirable
target for industrial vaccine development. Therefore, the SC selected the development of a
conjugate vaccine against these organisms as one of its major activities, with the aim of
providing a reagent to be used in EPI type immunization schedules in countries with
penodic epidemic disease.

(b)  SC activities providing the groundwork for the devclopment of
conjugate vaccines. These activities include:

» supporting clonal and sera-subtyping efforts;

« epidemiology: documenting the need for a vaccine and the types of
transrmission;

e serology standardization  workshops: developing an  enzyme-linked
immunosorbent assay (ELISA) technique for measuring anti-capsular
antibodies.

(€) Vaccine candidates

Currently available candidate vaccines include: (1) a comjugate of group A/C
Neisseria meningitidis oligosaccharides and CRM 197, produced by Biocine SpA and the
only product so far to receive US IND status, and (ii) group A/C polysacchande-protem
conjugates produced by: Pasteur-Mérieux-Connaught; North Amernican Vaccines, Inc.;
Praxis Biologics; and lastly Biocine SpA with a second generation product.




(d)  Field trials

(i) Gambia. The Biocine vaccine candidate has been evaluated in a phase I/11
study in Gambia. The phase Il study was conducted in 400 infants who received one, two
or three doses of the conjugate vaccine or two doses of conventional polysaccharide
vaceine during the first few months of life. Two doses of conjugate vaccine produced
higher titres of anti-group A/C antibodies than the polysaccharide vaccine. Three months
after the final dose in the three-dose regimen, antibody levels had decreased substantially.
The trial has, therefore, been extended, and, at a one year follow-up, the children are
boosted with either conjugate or polysaccharide vaccine to determine whether or not
immunological memory has been acquired.

(i)  Niger. Since control trials are neither feasible nor ethical and since
conjugate vaccines are more expensive than polysaccharide vaccines, it was considered
important to evaluate the long-term efficacy of the conjugate vaccines in a phase I1I study.
The SC, with the backing of the Chairman of SAGE, has sought support funding for this
study. As a result, the French Ministére de la Coopération will provide funding for the
initial phases of immunogenicity testing and for the development of the infrastructure
required to undertake a field trial in Niger. Protocols for the study have been developed
with investigators in Niger and with the meningitis field station of the Organisation de
Coordination et de Coopération pour la Lutte contre les Grandes Endémies (OCCGE) in
Niger. The vaccine for this trial is currently under production.

(e) Plans for 1994/1995
These can be summarnized as follows:

complete the analysis of the results of the 18-month boost in the Gambian phase
II study;

compare the effectiveness and dosage regimens of different candidate conjugate
vaccines, as they become available, in both the Gambia and the Niger trial sites;
conduct interim immunogenicity evaluation of another vaccine (Hib conjugate,
2 versus 3 dose regimen), in order to enable the local investigators to set up
systems and facilities.

3.1.2 Group B meningococeal vaccines
(a) Current status

Conjugate vaccines against group B meningococei are not likely to be very
effective, due to the poor immunogenicity of the major polysaccharide antigen of these
pathogens. Furthermore, constituents of the polysaccharide (polysialic acid) are also found
on human neuro-glycoprotein. Tolerance to this structure may explain why the Neisseria
polysaccharide is only weakly immunogenic. Of greater importance, however, are the
safety concerns raised by this crossreactivity, since vaccination with the Neisseria
polysaccharide may induce autoimmunity against neural structures. Therefore, group B
vaccine development is focused on outer membrane proteins (OMPs).




(b)  Comparative immunogenicity trial of group B vaccines in Iceland

WHO sponsored this study to provide an independent, blinded comparison of
immunogenicity and reactogenicity for the only two serogroup B meningococcal vaccines
shown to have efficacy in clinical trials, i.e.

- the Finlay Vaccine (Cuba), tnal 1988/89, estimated efficacy 83%;

- the National Institute of Public Health (NIPH) Vaccine (Norway), trial 1989/91,

estimated efficacy 57%.

The study objectives were to compare:

e immunogenicity and serum bactericidal activity (SBA) of the two vaccines to a
control vaccine;

e immunogenicity and SBA elicited by a 2-dose versus a 3-dose regimen;
SBA clicited by the two vaccines and the control vaccine to heterologous
serogroup B N, meningitidis strains,;

= reactogenicity of the two vaccines and the control vaccine.

This prospective, randomized, double-blind and controlled study was conducted
among high school students in Reykjavik, Iceland. A licensed serogroup A/C
polysaccharide meningococcal vaccine was used as the control vaccine. Sera were
evaluated by ELISA and SBA in the vaccine producers' laboratories against their respective
vaccine-type strain and at the Centers for Diseage Control and Prevention (CDC), USA,
against both the vaccine-type strains and the two heterologous group B strains. The results
of the study (the first two objectives) are presented in Table 4.

TABLE 4. COMPARATIVE IMMUNOGENICITY STUDY OF GROUP B

MENINGOCOCCAL VACCINES
Time % SBA responders {controls) % ELISA responders (controls)
after-
enroll- F F N N F F N N
ment 2 dose 3-dose 2-dose 3-dose 2-dose 2-dose 2-dose 3-dose
12 weeks { 25% (2) 71*(3) 54* (4) 74* (3)
12 mths | 15(13) 44*(13) | 47%(10) | 84*(10) | 17(9) 68%(9) 34*(1) 89%(1)
20 mehs | 43%(20) | 62%(20) | 64*(13) | 69*(13)

F = Finlay Institute (Cuba) produced vaccine. N = NIPH (Norway) produced vaccine.
* = p < (.05 compared to control. Similar trends were seen between laboratories and among sera
collected at 6 weeks and 11 months,

The relatively low proportions of SBA and ELISA responders among Finlay
vaceine recipients are difficult to interpret given the high efficacy found in the Cuban trial.
The proportions of SBA responders among NIPH vaccine recipients are consistent with the
efficacy measured in the Norwegian tnal. The three-dose regimens were associated with
significantly higher proportions of SBA responders at 12, but not at 20 months after
enrollment. Adverse events (pain, tenderness and swelling) before three days were more
common with the two trial vaccines than with the control vaccine, and occurred only with
the trnal vaccines after three days.

A prncipal goal of the trial was to determine how well SBA and ELISA correlate
with estimates of protective efficacy. Preliminary analyses suggest that results with both
assays were partly inconsistent with estimated efficacy from earlier studies. A "bndging
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study" is now underway to explain the difference in the findings between the efficacy trials
and the Iceland study. Preliminary studies suggest that the difference cannot be explained
by the different vaceine lots used in the earlier Norwegian and Cuban trials as opposed to
the Iceland trial, nor by differences between the Iceland population and the vaccinated
populations in Norway or Cuba. Therefore, attempts to determine whether SBA and/or
ELISA are the best assays to be used as correlates of protection should now be given
special priority.

(c) Other SC activities

. The SC continued to support evaluation of other vaccine candidates,
including synthetic oligosaccharide-class 1 OMP conjugates, protective
epitopes from a class 1 OMP insert into a carmrier protein and attachment
antigens of group B meningococci.

A workshop on safety issues for group B meningococcal vaccines, co-
sponsored by WHO, the US National Institutes of Health (NIH), and the US
Food and Drug Administration (FDA), was held in Washington on
7 February 1994. At this meeting, it was recognized that there was a need
for primate model systems, which would make it possible to evaluate the
impact of antibodies to polysialic acid (PSA) on neural development and
migration.

Typing system:

(i) A global epidemiological surveillance system for eatly waming of
meningococcal epidemics, based on characterization of clones responsible
for disease on a global scale, is being developed at NIPH, Norway. In 1993,
clonal analyses of allelic variations in genes for 14 metabolic enzymes were
performed on about 800 meningococcal strains recovered from patients in
various parts of the world.

(i1) Sensitivity and specificity of 6 serotype-specific and 12 sub-serotype-
specific monoclonal antibodies against N. meningitidis were evaluated in an
international study which started in 1992. This study will continue to define
the most suitable monoclonals. In 1993, the National Institute for
Biological Standards and Control (NIBSC), UK, received and grew all
hybridomas. A kit is currently being prepared at the National Institute of
Public Health and Environmental Protection (RIVM), Netherlands, and
distribution at cost price will start by the end of 1994,

A multi-laboratory comparison of group B bactericidal activity is
continuing with the aim of developing and implementing a standard cidal
assay protocol.

(d)  Plans for 1994/1995

e To further "dissect” the immune response in the Iceland trial, the institutes
participating in the trial were invited to submit proposals for studies on the sera
remaining from this trial. Proposals have been received from the National
Institute of Public Health (Norway), RIVM (Netherlands) and the National
Public Health Institute (Finland).

Try to find a better correlate(s) of protection than cidal assays (e.g. standard
infant mouse model).

Continue support for the development of promising group B meningococcal
vaccines.




» Support studies on the impact of anti-group B antibodies on the neural system.
3.1.3 Pneumococcal vaccines
(a) Current status

In developing countries, pneumococcus is the major cause of mortality in children
under five years of age. Vaccine development is impeded by the large number of
pneumococcal serotypes (more than 80) and their variation in distribution by age,
geographical region and over time. The seven most common serotypes, however, account
for 50%-80% of invasive paediatric isolates. The following vaccine manufacturers are
currently formulating or evaluating polyvalent conjugate vaccines against the most
common paediatric types: Merck Research Laboratories, Lederle/Praxis, Pasteur-
Mérieux/Connaught, and a Dutch-Nordic consortium of public health institutes. Given this
commercial interest, the SC restricts its role in conjugate vaccine development to a
participation in serological assay standardization.

(h) SC activities

Pneumococcal common antigen vaccines. Polyvalent pneumococcal conjugate

vaccines may leave up to 50% of cases unprotected against pneumococcal infection.
Therefore, the SC wishes to attract aftention o the development of common antigen
vaccines. These vaccines could be combined with conjugate vaccines to cover minor
scrotypes, thus affording stability of the vaccination effect when serotypes change. In this
connection, the SC is funding the production and evaluation of pneumolysoid at RIVM,
Netherlands. Furthermore, protection induced by pneumococcal surface antigen A against
strains predominant in developing countries is being evaluated.

Serology standardization. A multi-laboratory companson of current serological
assays is being coordinated by CDC in Atlanta. The study, which aims at developing a

standardized ELISA for anti-capsular antibodies, will be completed by the end of 1994,

Animal models. A draft standard protocol for mouse pneumonia studies is being
developed. The standard mouse model, however, is not applicable in certain experimental
instances since several human pathogenic serotypes are not virulent in mice. Consequently,
a pilot study has been initiated to evaluate a pneumococcal infant rat model, which was
successfully applied in Hib studies. The SC is also funding protection studies with
pneumolysin in a rat model of lobar pneumonia, using candidate pneumococcal common
antigens.

(©) Plans for 1994/1995

These can be summarized as follows:

+ continue to encourage work on diagnostic test development and evaltuation;
+ continue serology standardization;

¢ continue animal model standardization and assessment: organization of a
workshop in 1994 to evaluate the “state of the art” and to discuss the use of




animal models to compare candidate common antigen vaccines and conjugate
vaccines.

Discussion:

8ir Gustav Nossal commended Dr Broome for her excellent presentation which
illustrated exactly the combination of first-class basic science and very practical public
health research and development, that all of VRD is struggling to attain.

Dr P.K. Russell asked Dr Broome to comment on safety issues related to OMP
vaceines, particularly with respect to a report of a Norwegian group on serious neurological
side effects associated with the Norwegian vaccine. Dr Broome replied that safety
evaluation was one of the prime objectives of the Iceland trial and that mostly local
reactions had been found. Furthermore, she raised doubts, as to whether the neurological
reactions reported from Norway could actually be ascribed to the use of the vaccine.

3.2 DIARRHOEAL DISEASES VACCINES

Dr J. Sadoff, Chairman of the SC on Diarrhoeal Diseases Vaccines, reviewed the
activities of the SC during the past year.

3.2.1 Cholera
(a) Vaccines against Vibrio cholerae 01

. Whole cell-recombinant B subunit non-living vaccine (WC/rB). Safety and
acceptable immunogenicity of this vaccine, consisting of killed V. cholerae of
both biotypes plus the recombinant B subunit of cholera toxin, have been
confirmed in phase I/II trials in populations in the USA, Chile and Peru.
Recently, a phase III trial has been completed in Peruvian adults, in which an
85% efficacity was found. A phase I trial in Peruvian children is in progress.
The vaccine has been licensed in Sweden.

Live vaccines. The CVD103HgR live vaccine, which has a deletion of genes for
cholera toxin, plus an insertion of the genes encoding for the B subunit of the
toxin and for mercury resistance, is currently undergoing phase III field trials in
Indonesia. A second anti-01 live vaccine, CVD110, was attenuated by removal
of the entire virulence cassette from a wild El Tor Ogawa strain. In spite of such
extensive deletions, this strain proved to be too reactogenic (i.€. causing
diarrhoea in seven out of ten volunteers), to be considered as a candidate vaccine.

Two only lightly colonizing versions of El Tor, Peru 14 and Peru 15, were
attenuated by deletion of the virulence cassette and flanking regions as well as by
recA mutation through insertion of the gene encoding the B subunit of the cholera
toxin. In a small challenge study in North American volunteers, challenging with
El Tor four months after virtually areactogenic vaccination with Peru 14 provided
80% protection.




(b) V. cholerae 0139

s Epidemiology. A new serotype of V. cholerae 0139, was recognized as the agent
of epidemic cholera in South India in autumn 1992. Spreading northwards it
caused a major epidemic in Bangladesh in 1992/1993 affecting about 11% of the
population and causing thousands of deaths. Several features, such as occurrence
of massive epidemics, near-displacement of V. cholerae 01 in several epidemics,
high rate of transmission and rapid geographical spread, suggest the potential of
this organism to be the cause of the next cholera pandemic.

. The preponderance of adults affected by the 0139 serotype as compared to the
high degree of immunity displayed by adults against the 01 serotype in endemic
areas, indicates that vaccines against V. cholerae 01 are not likely to be protective
against V. cholerae 0139. Therefore, a special conference on cholera vaccines
convened by the International Centre for Diarrhoeal Diseases Research
(ICDDR,B), Dacca, Bangladesh, in October 1993, recommended that future
cholera vaccines should be bivalent, including antigens protective against both the
01 and 0139 serotypes.

. Non-living vaccines against V. cholerae 0139. WC/rB was modified by the
addition to the anti-01 vaccine of heat or formalin-killed cells of V. cholerae
0139. Phase I studies in Swedish volunteers have demonstrated the safety of the
vaceine, and, at present, immunogenicity and efficacity trials in Thai volunteers
are underway.

) Live vaccines against V. cholerae 0139. Two attenuated strains of V. cholerae
0139, i.e. CVDI112 and Bengal 15, were constructed following the same or
similar genetic attenuating procedures used for the live oral vaccines against V.
cholerqe 01, CVDI103HgR and Peru 14/15, respectively. For CVI12, clinical
phase I studies are currently being performed in volunteers. A dose-response
challenge with the wild-type 0139 strain (A/1837) has been conducted in
volunteers vaccinated with Bengal 15 in Baltimore; an 83% protection was
elicited by this vaccine.

{©) (GGlobal coordination of research on cholera vaccines

An mformal consultation was organized by the WHO Global Programme for Vaccines
and Immunization in Geneva on 13 May 1994 to explore ways to facilitate and coordinate
cholera vaccine development. Participants included representatives of the European Union
{Brussels), the Centres for Disease Control and Prevention (Atlanta), the National Institutes of
Health (Bethesda), the Global Programme for Vaccines and Immunization (WHO Geneva) and
the Division of Diarrhoeal and Acute Respiratory Disease Control (WHO Geneva).

The participants agreed that there was a compelling need for global coordination of
cholera vaccine development and decided to merge their efforts to accelerate the development of
promising vaccine candidates. Current efforts by major agencies to promote and support
research on cholera vaccine were presented and possible strategies to coordinate these efforts
and thus accelerate vaccine development, were defined.

This new coordinated approach will be achieved through the establishment of an ad hoc
Global Consultative Group (GCG) for research on cholera vaccines, composed of eminent
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scientists working in the field of cholera vaccine development, as well as representatives of
agencies supporting this work. The secretariat of this GCG will be based in WHO.

3.2.2 Shigella

A sustained effort is being made to generate genetically-defined aftenuated mutants both
in Shigella flexneri and S. dysenteriae type 1 or Escherichia coli/S. flexneri hybrids. A
combination of autotrophic mutation (essentially aro) and mutations in key virulence genes
(essentially virG/ics A) is currently used. The Shigella toxin gene (szx) must also be deleted
from S. dysenteria type 1 due to major potential systemic effect of this cytotoxin. It seems fair
to state that the strains have so far proved to be successful in animal models, either protecting
against the sereny test after oral inoculation of guinea pigs, or showing good tolerance (at
inocula > 10¢), immunogenicity and high protection against homologous challenge in macaque
monkeys after oral or intragastric inoculation. Human phase I trials are now needed as animal
models are not sensitive enough to assess possible reactogenicity of these live vaccine
candidates. A potential problem may be the narrow "window" existing between well tolerated
protective inocula and reactogenic inocula. Less than two logs would be unacceptable. As a
cause of reactogenicity, both the high inflammatory potential of Shigella and its production of
enterotoxin(s) have to be considered. In this respect Dr M. M. Levine reported on preliminary
results of an early phase I trial with a live Shigella vaccine w1th virG/isc deletions and aro
autotrophic mutations: it was not reactogenic at oral doses of 10° , yielded good ELISPOT assays
to lipopolysaccharide (LPS) in around 60% of volunteers, but was reactogenic at 10°. This
vaccine may hold some promise if the rate of seroconversion can be increased (e.g. two-dose
administration).

Epidemiological and experimental data have clearly shown that protection against
shigellosis is serotype specific. Therefore, anti-LPS immunity seems to be the primary goal and
development of a particulate vaccine (i.e. conjugated LPS) appears to be a reasonable approach
which should be carried out in parallel with live vaccine development. Preliminary information
from a field trial carried out in Israel this year (1993/1994) suggested that parenteral
immunization with LPS conjugate vaccines against S. sonnei may have conferred some
protection. A prospective double-blind efficacy field trial is being conducted in 1400 Israeli
soldiers; in this trial a live oral vaccine consisting of Escherichia coli containing the shigella
invasion plasmid and genes for S. flexneri LPS will be compared with the injected 5. sonrei
conjugate vaccine. Recent encouraging evidence indicates that the association of S. sonnel and
S. flexneri LPS with proteasomes derived from Neisseria meningitidis group B outer membrane
proteins, is highly immunogenic and protective in mice and guinea pigs after oral or intranasal
administration. Likewise, a ribosomal vaccine capable of inducing local and systemic immune
responses in animals after intramuscular injection has recently been described. Here again,
human phase I trials in volunteers are expected.

3.2.3 ETEC

Considerable progress has been made in the development of a killed oral vaccine against
enterotoxigenic Escherichia coli (ETEC). A prototype vaccine consisting of recombinant
cholera toxin B subunit and formalinized E. coli serotypes expressing CFAs I and II was found
to be safe and immunogenic in Swedish volunteers. The vaccine has now been expanded to
include C$ antigens of CFA IV as well, and has been administered in two doses to Swedish,
North American, and Bangladeshi volunteers. In these studies, the vaccine was found to be
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safe, to elicit appreciable serum IgG anti-CT antibody responses, and to produce high-titres of
IgA-expressing antibody-secreting cells, assayed with ELISPOT, in about 80% of volunteers for
each CFA component. Based on these promising data, expanded phase II studies are being
planned in Bangladesh and Egypt, entailing a sequential study of adults, older children and
infants. In addition, it is envisaged to conduct phase III wials of vaccine efficacy in; (i) adult
tourists ravelling on Nile tour boats in Egypt; (ii) adult expatriates in Katmandu, Nepal; and
(ii1) infants and young children in 2 field site on the outskirts of Alexandria, Egypt.

3.2.4 Typhoid fever

Dr Sadoff reviewed the report of the meeting of the task force on typhoid fever held in
Geneva on 9-10 October 1993, The objectives of the meeting were: to consider the public
health utility of vaccines currently available for use; to review information on new candidate
vaceines; to consider the need for volunteer challenge studies of new typhoid vaccines; to review
field sites available for future vaccine field trials; and to consider the design of such trials.

(a) Existing vaccines

Although heat-phenol-killed parenteral whole cell vaccine confers moderate protection,
its reactogenicity limits its application in public health programmes. The two currently available
vaceines are the live oral Ty21a vaccine and the Vi polysaccharide vaccine.

(h) New candidate vaccines
(i) Non-living vaccines

One approach is to create parenteral vaccine by conjugation of Vi (o a carrier protein.
Such conjugation aims at converting a T cell-independent to a T cell-dependent antigen. Several
carrier proteins, including tetanus toxoid, diphtheria toxoid, Pseudomonas toxin A, and cholera
toxin B subunit, have been evaluated.  Conjugates currently under evalvation include Vi
conjugated to Pseudomonas toxin A (Dr John Robbins, National Institute of Child Health and
Hurmnan Development) and Vi conjugated to tetanus toxoid (Pasteur-Mérieux). The former was
recently evalnated in US Army adult volunteers. In this study, a single dose of the conjugate
vielded serum anti-Vi antibody responses that were twice as high as those observed after a single
dose of non-conjugated Vi vaccine.

(i) Live vaccines

An alternative approach to developing an improved typhoid vaccine consists in
engineering attenuated Salmonella typhi strains to serve as live oral vaccines. The ultimate
objective is to obtain strains that will be well-tolerated and able to immunize and protect after the
administration of a single oral dose.

Investigators at Washington University, led by Dr Roy Curtiss, have constructed
candidate vaccines based primarily on inactivating the cya (adenylate cyclase) and crp (cAMP
receptor protein) genes which form a global regulatory system in Saimonella. In phase I studies
a strain (X3927) with these mutations in cya and c¢rp caused febrile adverse reactions. An
additional putatively attenuating mutation was therefore introduced into a gene encoding a deep
tissue invasion factor (cdr) so that strain X3927 resulted in strain X4073. The later mutation
was intended to diminish or prevent invasion of the vaccine strain beyond the intestinal lymphoid
tissue to deeper organs of the reticuloendothelial system. When fed to volunteers at dosages of
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10° and 10°, this vaccine was found to be non-reactogenic and to induce serum anti-O antibodies
and antibody secreting cell (ASC) responses to the O and H antigens that were somewhat better
than those seen after administration of Ty2la. Moreover, the vaccine organism could not be
recovered in blood cultures. However, febrile adverse reactions (accompanied by bacteraemia)
and loose stools were observed in some individuals who had received this vaccine strain as a live
vector carrying a plasmid encoding a hepatitis B virus antigen.

Dr M. Levine and Dr D. Hone at the Center for Vaccine Development of the University
of Maryland School of Medicine, have created an attenmated S. fyphi vaccine candidate by
introducing precise deletion mutations in two genes, groC and aroD, involved in the amino acid
biosynthests pathway. These mutations render S. #yphi nutritionally dependent on substrates,
1.e. para amino benzoic acid (PABA) and dihydroxy benzoate (DHB), that are lacking or only
available in low concentrations in human tissues. CVD 908, based on areC and arol mutations
of the parent strain Ty2, has been tested in human volunteers at the Untversity of Maryland.
Significant immune responses, without evidence of febrile side-effects, were observed after a
single dose at dosages of 10°-10°. However, systematic daily culturing of blood from vaccinees
during the first 12 days following ingestion of CVD 908 vaccine resulted in the isolation of the
vaccine strain from most of the volunteers (50% at 10° to 100% at 103) on one or more days,
between day four and day ten after vaccimation. None of these vaccinees showed adverse
reactions. CVD 908 was also well tolerated by 24 subjects when it was administered in a dose of
107 organisms as a live vector expressing foreign antigens of Plasmodium falciparum or of
pathogenic bacteria.

As the CVD 908 candidate vaccine enters phase II clinical trials to assess its safety and
immunogenicity in an increased number of subjects, attempts will be made to determine if there
is any clinical significance associated with the isolation of vaccine organisms from blood cultures
during days four to ten after vaccination. Further studies are planned to examine whether such
bacteraemia constitutes a major safety concern for this candidate vaccine.

(©) Volunteer challenge model

A successful volunteer typhoid challenge model was developed some years ago at the
University of Maryland, but studies using this model had to be terminated because of the
potential problem of inducing long-term S. typhi carriage. The introduction of antibiotic therapy
with ciprofloxacin has reduced this risk to such a low level that a volunteer challenge mode] with
which to study the protection conferred by typhoid vaccines can once again be considered. The
development of a volunteer challenge model would represent 2 useful tool for the evaluation of
new typhoid vaccines. However, the high degree of expertise required for the proper use of this
model should restrict its development and application to centres with extensive experience.

(d)  Field sites and designs for future vaccine trials

Several countries with endemic typhoid fever have well-established field sites or have
had recent experience with field trials of typhoid vaccines. Field sites already exist in Chile,
Indonesia, Nepal and South Africa, and new ones for typhoid vaccine trials are currently being
developed in India and Papva New Guinea. Several additional countries, including China,
Egypt, Sudan and Viet Nam, might also provide suitable sites for typhoid vaccine trials. A field
trial of the efficacy of Vi polysaccharide vaccine, produced locally through a cooperative
agreement between the Government of India and Pasteur-Mérieux, is under development. In
addition, field trials of Vi conjugate vaccine are being envisaged in Indonesia and Papua New
Guinea.
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3.2.5 Rotavirus

Dr Sadoff briefly reviewed important areas of progress in the rotavirus vaccine research
and development field over the past year.

(a) Vaccine candidates

Three different approaches to vaccine development against rotavirus are currently
pursued by the SC:

. monitoring of NIH-initiated trials with a tetravalent rhesus-human rotavirus
reassortant vaccine, serotype 1,4 (RRV-TV);

. infectious DNA: single shelled particles could be "transcapsulated" in vitro
with restoration of infectivity;

. mucleic acid vaccines: the immunogenicity of homologous mouse VP4, VP6
and VP7 will be tested in the adult mouse model using a nucleic acid
vaccination approach.

(h) Amimal models

The SC has sponsored the establishment of three different standardized animal models (o
study immune responses relevant to rotavirus vaccine development and to evaluate vaccine
candidates: (1) an adult mouse model; (ii) a rabbit model; and (iil) a gnotobiotic pig model.

(c) Structure of the VP4 dimer

Cryoelectron microscopic studies indicate that the two molecules of VP4 are entwined
and that the amino terminus is anchored below the VP7 surface in close contact with VP6.

(dy  Current classification of P and G serotypes

(Qver 15 types are now described for each group. The precise relevance of serotype to
protective immunity sull needs to be clarified.

(e) Correlates of protection

Two studies indicate that intestinal and faecal IgA antibody levels are the best available
correlate of protection. The SC considers recommending routine measuring of these parameters.

3.2.6 Centres for clinical studies in the Russian Federation and Thailand

With regard to establishing centres for the evaluation of experimental enteric vaccines in
the Russian Federation, good progress has been reported from the Novosibirsk site. In
cooperation with Dr Bektimirov, Director of the Tarassevitch Institute, Dr S. Netesov of the
Novosibirsk Institute has prepared a proposal to assess the safety and immunogenicity of a live
oral cholera vaccine prepared in the Russian Federation as compared to another, yet to be
selected, cholera vaccine. This proposal has been sent to the Russian Mimstry of Health and the
Russian Ethical Review Committee for clearance. Dependent on such clearance, the proposal
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will then be submitted to the Office of the Commission of the European Communities (ISTC) in
Moscow for consideration for funding. Although challenge studies for cholera vaccines do not
appear to be feasible in the Russian Federation, challenge studies for vaccines against other
enteric pathogens seem possible.

The Vaccine Trial Centre (VTC) of Mahidol University in Bangkok was originally
funded and set-up by the WHO/CDD programme. A final proposal has been prepared by VTC
for the following studies: 1) a study to titrate challenge doses of V. cholerae 0139 (Al 1837)
against attack rates in adult volunteers; 2) a study to assess the safety and immunogenicity of the
Goteborg killed oral bivalent cholera vaccine, including an evaluation of efficacy after challenge;
3) a study to evaluate the safety and immmunogenicity of the live oral vaccine Bengal 15, with an
evaluation of efficacy after challenge.

3.2.7 Research priorities
(a) Cholera
Live vaccines:

» Production of organisms with novel gene deletions for new virulence factors.

s Enphancement of colonization potency of candidate vaccines in bhuman intestine and
improvement of targeting to M-cells.

» Definition of dosage margins between the minimal effective dose for safe immunogenicity
and that causing increased rates of side-reactions.

» Development of vaccine formulations easy to reconstitute and resistant to adverse conditions
in developing countries.

o Development of a single low dose (1x1(r-10") oral vaccine.
e Enhancement of immunogenicity by incorporation of interleukin genes.

o Evaluation of candidate vaccines and vaccine strategies to prevent non-01 V. cholerae
epidemics.

o Standardization of vaccine evaluation by establishment and maintenance of a WHO rabbit
RITARD centre and a standard WHO serum reference bank.

Non-living oral vaccines
¢ Development of vaccines conferring a long-term protection in young children and with an
increased efficacy against the El Tor biotype; production of new galenic forms (e.g. heat-
stable powder or tablet formulation).

¢ Development of vaccines with an increased expression of TCP antigen and MSHA..

» Development of new adjuvants and mucosal delivery systems augmenting mucosal immunity.
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(Feneral:

s Development, standardization and validation of in virro correlates of immunity in challenge
models and in upcoming field efficacy trials of CVD Hgl03 and WC/CTB.

(h) Shigella
» The highest priority is to develop a vaccine against Shigella dysenteriae type 1.

# Definition of the molecular and immunological basis of the balance between itrnunogenicity
and reactogenicity of live oral vaccines.

s Assessment of combinations of systematically and locally administered vaccines as well as
variation of the immunization schedule to reduce reactogenicity and enhance
immunogenicity.

» Development of non-living shigella vaccines based on oral delivery of O antigen to M-cells
with delivery systems such as microcapsules or liposomes.

(© Enterotoxigenic E. coli (ETEC)
¢ Studies of human immune responses to ETEC antigens.
» Construction of an effective stable toxin (ST) immunogen.

¢ Development of innovative antigen delivery systems to enhance the immunogenicity of
fimbrial and toxoid antigens.

= Development of non-living whole cell and toxoid vaccines.

= Incorporation of interleukins into live and vectored vaccines.

¢ Definition of in vitro immunological correlates of protective immunity.
(d) General requirements for bacterial vaccines

+ Development of oral adjuvants such as cholera toxin and interleukins for live and non-living
VAcCInes.

» Enhancement of specific immune uptake of live and non-living antigen delivery systems.

+ Establishment of a WHO centre for phase I human safety studies of live recombinant oral
anti-diarthoeal vaccines.

{e) Typhoid fever

Encourage the development of a new generation of vaccines for parenteral and oral
immunization:




Development of vaccines which can be effective and immunogenic after one dose;
development of a challenge model that can be safely used to evaluate vaccine typhoid

prototypes.

Development of in vitro correlates of protection.
Development of an animal model (Salmonella typhi).
Rotavirus

Identification of immunological correlates of protection in suitable animal models and
definition of neutralizing and cytotoxic T lymphocyte (CTL) epitopes.

Epidemiology of different strains by direct typing and serological surveys in different
geographical areas and in different seasons; epidemiological relevance of serology to
immunity.

Based on the information obtained through the two above studies, development of non-living
vaccine candidates, such as subunit vaccine candidates (recombinant proteins or particles, or
all inactive virions, synthetic peptides) and live oral vaccine candidates (naturally or
chemically-physically attenuated rotavirus strains; live viral and bacterial vectors as

vaccines).

Optimization of delivery systems (microcapsules, ISCOMs).

Testing for immunogenicity and efficacy in appropriate animal models and clinical trials.

Development of animal models to meet the following criteria:
A mode] should be designed for testing actively induced mmunity.
A model should be used to evaluate human vaccine.

The selected host should be fully permissive for the replication of the challenge
viruses and should develop disease upon infection; the induced disease should be
relatively independent of dose; infectious virus should be shed in the faeces in
easily detectable amounts over several days; the model should be permissive, if
possible for one or more hurnan rotavirus strains, or reassortants.

Challenge viruses used in this model should comprise at least two different
serotypes including a serotype 3 strain. Oral infection of the host animal with the
human rotavirus strain or reassortants carrying human immunogenic proteins
(VP4, VP7) should be feasible. It should be possible to cultivate the challenge
virus in cell culture.

Reagents to characterize the immune response to the challenge virus should be
available.




Discussion:

Sir Gustav Nossal thanked Dr Sadoff for his excellent presentation, and pointed out that
hearing this first report about functional cholera and shigella vaccines represented a truly
historical moment. Sir Gustav asked Dr Lee to report this formidable achievement back to the
Director-General.  Both Dr Russell and Dr Halstead also commented on the importance of using
such a success to analyse and illustrate the comparative advantage of WHO's catalytic
(leveraged) funding policy. Dr Halstead further asked how V. cholerae mutants continue to
produce diarrhoea in the absence of the toxin. Dr Sadoff replied, that the diarrhoea produced by
V. cholerae mutants without toxin was probably inflammatory rather than toxin-induced. This
hypothesis is confirmed by the finding that new vaccine strains of V. cholerae, which also lack
the ability to penetrate the intestinal mucosa, do not produce diarrhoea.

Dr Schild asked for a comment on bacteraemia, caused by aredA mutants of S. rvphi,
since approval of such a vaccine by regulatory authorities is excluded. Dr Sadoff explained that
such a vaccine had only been mentioned to illustrate the approaches that were being envisaged,
but that the vaccine candidate in its current form was dismissed for use in humans by the SC.

Dr Isliker requested informarton on the latest developments concerning the Novostbirsk
centre for clinical vaccine testing. Dr Sadoff explained that approval by the national authorities
had been granted on condition that Russian vaccine candidates be tested also. In the near future,
a Russian vaccine, as well as the Peru and Bengal series of cholera vaccine candidates, will be
tested in safety and immunogenicity trials; challenge trials are planned for 1995. Dr Lam asked
why, given the fact that the rotavirus tetravalent vaccine seems to be ineffective in the
developing world, are phase HI trials envisaped. Dr Sadoff replied that the SC was not directly
involved but was monitoring efforts, since it was felt that this was an obligation for WHO.

3.3 TUBERCULOSIS AND LEPROSY (IMMY()

Dr D. B. Young, Chairman of the SC on the Immunology of Mycobacteria (IMMYQ),
reported on the activities and the progress of the SC during the past year and reviewed the SC
priorities. Dr Young recalled that IMMYC is an operation which is jointly funded by three
WHQ programmes: GPV, the Special Programme for Research and Training in Tropical
Diseases (TDR) and the Tuberculosis Programme (TUB). The bringing together of basic
scientists and disease control specialists and mediating between them, 1s regarded as a major
achievement which led to the successful merging of WHO's mycobacterial strategic research
activities into IMMYC. The fact that WHO speaks with one voice in all matters related to
mycobacterial research also facilitates coordination with organizations promoting mycobacterial
research outside WHO. This is demonstrated by the close collaboration with the National
Institutes of Health, USA, whose tuberculosis programme manager, Dr J. Foulds, 15 participating
in IMMYC, and by the coordination of research efforts with both the European Union (EU) and
the tuberculosis research programme of the Glaxo Foundation.
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3.3.1 Extent of the problem

Tuberculosis currently causes between 2.5 and 3 million deaths annually worldwide and is
the leading cause of avoidable fatality from a single infectious agent. Although effective and cheap
chemotherapy is available, sustained implementation is made more difficult by the long duration of
treatment. Even under conditions of optimal case detection and consequent treatment, which would
require dramatic increases in funding, it is estimated that mortality could only be reduced by about
50%. On the other hand, a vaccine that is currently available, BCG, although effective against
severe forms of childhood tuberculosis including TB meningitis, has been found to vary greatly i
its effectiveness against adult tuberculosis in a series of clinical trials.

3.3.2 Research priorities
{a) Global priorities

The global priorities of IMMYC are governed by the determination to exploit progress in
fundamental research in order to develop new tools for prevention, detection and treatment of
tuberculosis, which will complement current control strategies, i.e.:

to develop research tools and methods to support the implementation of treament-
based contol programmes, such as more efficient diagnostic tools or rapid tests for
drug-resistance monitoring;

to create the scientific basis for rational design of new drugs, especially antibiotics
which act in several days or weeks rather than in several months; and

to develop new and more efficient vaccines.

Specific research priorities for 1995

to develop subunit vaccine candidates;

to develop vaccine candidates by rational attenuation of the pathogen;

to develop standard protocols to assess the protective capacity of vaccine candidates
in appropriate animal models;

to apply, at a later stage, progress in tuberculosis vaccine development to leprosy.

Correl : ,

to identity immunological parameters which correlate with protective immunity in
humans.

Immunopathology

to develop intervention strategies in order to modulate immunopathology, with
particular reference to nerve damage during lepra reactions;
to evaluate the potential of immunotherapy in tuberculosis.




Ski | digenasi

o to develop new delayed-type-hypersensitivity (DTH)-inducing (skin test) reagents
which would have improved specificity/sensitivity for tuberculosis and leprosy;
® to develop improved tests for early diagnosis of tuberculosis based on detection of

bactcrial components or host immmune responses.

Genome structure

. to exploit the available genetic information/tools for all the above-mentioned priority
areas of mycobacterial research .

3.3.3 Research highlights
(a)  Mycobacterial genetics

In order to unify genetic and biological research on AMycobacterium tuberculosis and
M, leprae, IMMYC has supported the construction of cosmid libraries of both pathogens, which
were then systematized by a combination of fingerprinting and hybridization techniques. The
genetic information obtained from this exercise has been included in a customized data base
"MycDB", which is located at the Pasteur Institute, Paris, France, and which is accessible to all
members of the mycobacterial research community free of charge. The availability of the cosmid
libraries has stimulated the following important developments:

° NIH has agreed to fund sequencing of the genome of M leprae as a preliminary
exercise in the framework of the Human Genome Project, using the IMMYC
cosmids. By the end of 1994, aboui 60% of the M leprae genome sequence will be
known. IMMYC is therefore trying, via seed funding, to initiate an international
collaborative project to ensure completion of the M leprae and M rtuberculosis
genome sequences. [If these efforts are successful, it can be anticipated that M
leprae will be the first bacterium for which the complete genetic information is
available.

. Information on genome organization and sequence has recently been exploited for
the identification of mutations leading to resistance against the prncipal anti-
mycobacterial drugs, isomiazid, nfampicin and streptomyein.

. IMMYC has launched a project to screen the entire genome of M ruberculosis for
protective antigens (COSMYC intiative, see below).

(b)  The COSMYC initiative

Upon completion of the cosmid library for M. tuberculosis by Dr 8. Cole at the Pasteur
Institute, Paris, France, it is proposed that this library be used for a systematic approach to screen
the entire genome of the pathogen for antigens that may play a role in protective immunity, A
protocol was drafted by Dr N. Grindley and circulated among SC members. According to this
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protocol, a comprehensive set of M. tuberculosis cosmids would be cloned into a suitable live
vaccination vector, €.g. M. smegmatis. Subsequently, these transfected vaccination vectors would be
compared to BCG in an animal model, in order to identify cosmid clones which are able to confer
protection against challenge with a virulent strain of M. fuberculosis. 1t was recognized that
traditional animal models were inedaquate for this project because of the high number of individual
vaccine candidates (between 120 and 160) to be screened. Therefore, the SC suggested that an
evaluation be made of an alternative mouse model which uses mean survival time upon virulent
challenge as experimental endpoint. This "lethal challenge model” was developed by a research
group at the Russian Central Institute for Tuberculosis Research in Moscow as part of an IMMYC
project.

Members of the IMMYC Animal Model Task Force undertook a site visit to Moscow to
investigate the feasibility of the animal model and the suitability of the facilities. Since the Moscow
site fulfils certain of the criteia of the 8C, it was decided to launch a feasibility study in
collaboration with the Russian scientists, to answer the following questions:

. How big is the readout-window, i.e. how immunogenic is the vaccination vector M
smegmatis alone?
. Is the animal model sufficiently sensitive, e.g. sensitive enough to detect vaccination

with a BCG strain of weak potency?

The results of this study are expected by the end of 1994. The SC is currently actively trying to find
co-sponsors for the continuation of the COSMYC initiative. To this end, the EU programme for
research collaboration with Russian scientists (INTAS) and the British Overseas Development
Agency (ODA} have already been contacted.

(¢) Subunit vaceines

In order to accelerate tuberculosis vaccine development, IMMYC follows in parallel two
strategies, empirical vaccine searches, as described above for the COSMYC initiative , and rational
vaccine development.

Since resistance against challenge with virulent M tuberculosis is only generated by
immunizing with live bacilli, IMMYC in the past has sponsored studies focusing on antigens which
are underrepresented in dead organisms, i.e. secreted proteins. Secreted M fuberculosis antigens,
purified from bacterial culture filtrates, are major targets for acute T cell responses in mice and
humans with active tuberculosis and are also targets for protective T cell memory responses in mice.
Based on these findings, the SC puts high priority on a further evaluation of the immunological
propertics and on the production of these antigens in recombinant form as well as on their
integration in new experimental vaccine delivery systems.

{d) Animal models

Inter-laboratory comparison and evaluation of results obtained in vaccine development are
still impeded by the lack of standardized animal models and testing protocols. Therefore, IMMYC
has created a task force for the establishment of animal model systems for the assessment of new




tuberculosts vaccines. Two animal models are considered essential for the testing of tuberculosis
vaccine candidates:

(i) an intravenous challenge mouse model, which has the benefit of being cheap, widely
available and relatively easy to perform. However, since mice lack most of the pathologies
typical of human diseasc, mouse models are only useful for preliminary screening purposes;

(i) an aerosol challenge guinea-pig model, which is pathologically much closer to human
infection, but more demanding with respect to cost, equipment and expertise.

An initial standardization trial is in progress in four different laboratories; three of the
laboratorics are performing the exercise in an intravenous challenge mouse model, and onc of them
in an aerosol challenge guinea-pig model. The task consists of ranking the protective efficacy of
three BCG strains with known potency differences. Consistent ranking of the BCG in all
participating laboratories will be used to confirm the reproducibility of the protocol as laid out by
the task force. A meeting in autumn 1994 will be organized to decide how to pursue the
standardization effort in terms of refinement and potential implementation of protocols.

(e) Immuneepidemiology

Tuberculin has proved to be a most useful epidemiological tool to monitor rates of
transmission in tuberculosis. In leprosy, however, even a crude and simple reagent such as
tuberculin, does not exist but, if one were to become available, this would represent an important
advance for leprosy control programmes. Significant progress has been made with regard to antigen
definition and mycobacterial genome mapping during the last few years. IMMYC therefore
estimates that the development of a tuberculin equivalent for leprosy should now be feasible as well
as a wider diagnostic scope of tuberculosis skin test reagents.

A jomt IMMYC/THEMYC task force for the development of improved skin tests was
established, fixing as targets the development of reagents fulfilling the following criteria:

Jor leprosy:
. detection of current infection;
) early detection of disease progression type (pauci- as opposed to multibacillary)

for tuberculosis:

. identification of protective immunity;
. differentiation between past M. tuberculosis infection and BCG vaccination.

The development of skin-test candidates for tuberculosis with the above properties has
already been initiated and work is now progressing at several institutions. For leprosy, IMMYC,
together with THEMYC, has decided to organize a trial, using reagents produced as part of an
IMMYC project. At present, protocols are being prepared by members of the joint
IMMYC/THEMYC task force. Two trial sites will be participating:
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(i) a large vaccine trial site (Malawi/South India), with an established leprosy trial
infrastructure, to which will be attached a skin test trial;

(i) a small site with appropriate research facilities, where DTH data can be compared with
int vitro correlates (T cell proliferation, ¢ytokine production patterns).

) IMMYC task forces

TASK FORCES SITE OF ACTIVITIES OR IMMYC
MEMBERS INVOLVED

¢ Devlopment of new skin-test antigens | Brennan, Fine
o Cytokine-based immunotherapy Barral-Netto, Ellner
o Standardization of animal models Andersen

Collaborative projects

o M leprae genome project Young
» Cosmid-based vaccine research Grindley, Andersen

Service facilities

Production and distribution of
recombinant antigen GBF, Braunschweig

e Distribution of anti-mycobacterial
monoclonal antibodies CDC, Atlanta

s Standardization and distribution of
cytokine assay kits LSHTM, London

o PCR reference centre Leprosy: Pasteur Institute, Paris
Tuberculosis: RIVM, Bilthoven

3.3.4 Expected programme outputs
(a)  Short term

With regard to progress in vaccine development and mycobacterial immmunology, the
following targets are expected to be reached during the next one or two years:

completion of the mycobacterial genome sequences;

. identification of virulence-related genes as basis for rational attenuation of
M. tuberculosis;

. significant progress in understanding mycobacterial gene regulation;
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. 1dentification of vaccine candidates and delivery systems such as: (i) purified protein
subunit vaccine candidates, (i1) recombinant delivery systems (nucleic acid
vaccines), and (iii) rationally attenuated mycobacteria;

- establishment and implementation of standardized animal models to facilitate inter-
laboratory vaccine evaluation;

° accumulation of further information on the role of local cytokines, T cell subset
interactions and antigen recognition (T cell receptor usage, antigen-presenting cells);

. development of improved skin-test reagents.

(b) Medium term

In the next five to ten years, comparative analysis of vaccine candidates in animal models
wiit be performed. Based on the results of such animal studies, it will become possible to evaluate
the most promising vaccine candidate(s) In preliminary studies in humans (safety, immunogenicity).

{c) Long term

Clinical efficiency studies should lead to the introduction of new and improved tuberculosis
vaccines in about ten to 20 years.

Discussion:

Dr I. R. La Montagne asked whether any efforts were being made by IMMYC to study the
efficacy of BCG, considering that BCG may be inappropriately used in certain vaccination
programmes. He suggested that diversity of the different BCG strains could be one of the factors to
be investigated. Dr Young responded that, although IMMYC considers this an urgent issue, an in-
depth approach would require reliable correlates of protection which have not yet been established.
Drversity of BCG 1s one aspect of the problem which is currently being investigated by IMMYC's
Anmimal Model Task Force. Dr La Montagne further asked for a comment on the hypothesis that
BCG efficacy increases with distance from the equator. Dr Young replied that this was a difficult
problem to put into an expertmental format, since geographical variation of BCG efficacy may
involve such diverse factors as socio-economic status of the vaccinated population or cold-chain
related issues.

Dr Z. Csizer remarked that, together with the factors mentioned by Dr Young, production-
related BCG variations (duration of culture, media composition) are, at present, also responsible for
the lack of valid clinical trials which would be comparable according to modern bio-statistical
approaches.

Dr G. C. Schild asked for a comment on the usefulness of M vaccae as an
immunotherapeutic agent and wished to know whether there were any activities in IMMYC
investigating this approach. Dr Young replied that until recently, the A vaccae used had not been
produced under Good Manufacturing Practice (GMP) rules. Therefore, there had been no
possibility to undertake studies to confirm the claims made, in essence, by one group of researchers,
on the efficiency of M. vaccae as an immunotherapeutic agent. This situation has now changed, and
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GMP-produced M, vaccae will be used in an independent clinical trial in South Africa. An IMMYC
member, Dr P.Fine, will serve as one of the trial monitors.

3.4  MEASLES AND ACUTE RESPIRATORY VIRUSES

Dr A. Osterhaus, Chairman of the SC on Acute Respiratory Viruses and Measles Vaccines,
reported on the activities of the SC during the past year. The main focus of the activities has been
on defining research areas and facilitating research activities, through funding of crucial projects,
cstablishment of animal model(s) and reagent banks, bndging between acadernia and industry, and
devcioping a scientific communication network.

341 Measles
(a)  Strategic plan for the development of measles virus (MV) vaecines
: 1l object
e The development of vaccines that are safe and protective before six months of age.
Research prioriti
(i) Characterize the immunobiology of measles virus infection and immunization,

e Identify the protective immune responses, including the study of humoral and cell-
mediated immunity, in animals and humans. Identify the B- and T-cell epitopes on the
MV protective antigens. Study the immune response and characteristics of infection
during natural MV infection and immunization.

e Dcvelop animal models, including transgenic mice, to study: molecular pathogenesis of
MYV infection; immunobiology of MV infection; immunopathology of MV infection or
immunization including immunosuppression; safety, immunogenicity, and efficacy of
MV vaccines; and atypical disease during MV infection of vaccinces previously
immunized with inactivated virus.

(i) Develop infectious clones or systems for the rescue of measles genes to study viral
pathogenesis.

(iii)  Develop new and improved vaccines.

» Develop subunit vaccines that are protective and not disease potentiating. The
vaceine should include at least both surface glycoproteins of MV.

. Explore the utility of live vectors of MV proteins to protect against MV infection or
discase.
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- Develop mmproved live attenuated vaccines capable of inducing protective immune
responses in early infancy.
. Ascertain that new vaccines are immunogenic in the presence of passively acquired
antibodies.
. Explore alternate routes of immunization with new and improved vaccines, including

mucosal routes.

(b} Commissioned project to evaluate the selected candidate vaccines in the
cynoemolgus monkey model

A monkey model for evaluation of the efficacy and safety of measles candidate vaccines has
been cstablished.  The parameters have been identified and offer a good basis for obtaining
reproducible results in further studies aimed at evaluating measles candidate vaccines and immune
pathogenesis related to vaccination.

In accordance with an experimental protocol, which was approved by the Task Force for
Mcasles Vaccine Development during its meeting on 18 October 1993 in Geneva, groups of
cynomolgus monkeys have been respectively immunized with onc of the following measles
vaceines: ALVAC-MV (canarypox virus as vector), immune stimulating complex (ISCOM)-MV,
vaccinia virus recombinant expressing two proteins (H and F) of measles virus, and Schwartz MV
vaccine.  Control groups of monkeys were immunized with ALVAC-"empty", and ISCOM-
"empty". Seronegative monkeys and monkeys with passively transferred monkey hyperimmune
sera were included in the study in order to be able to evaluate the immune response in the presence
of anti-measles antibodies.

At present, studies are in progress to assess standard serology, cell-mediated immunity,
clinical examination and hacmatology. In collaboration with the Cantonal Hospital in Geneva the
pulmonary pathology of infected monkeys is being studied as an additional component of the
experimental protocol.

(c) Research activities and progress
Considerable progress was made in this area over the past year.

In a study on the molecular mechanisms of MV reproduction, an experimental system for
sensitive detection of editing of primary and sccondary transcripts has been developed. The results
obtained in this study have provided important information for a better understanding of viral RNA
synthesis, mRNA processing and protein function, that should in turn be useful to determine the
mechanisms underlying MV attenuation and pathogenesis.

Two research groups are carrying out studics related to the genetic and antigenic variability
of different strains of measles virus. Sequence analysis of the H, N, M, and F genes made it
possible to identify several active and inactive lineages of wild-type measles virus. To date, the
cntire genome of the Edmonton strain has been cloned, and comparison with the genome of the
attenuated Edmonton vaccine sequence is in progress. Molecular epidemiological technmiques can
now be used to differentiate between vaccine and wild-type strains of measles virus and, in the
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future, should help to identify pathways of transmission of the virus. The SC recommended that
focus be placed on studies on the biological and epidemiological significance of differences
identified by nucleotide sequencing analysis.

BCG recombinants expressing N protein of MV have been developed. Expression of N
protein in BCG recombinants was stable in vive: no deletions or rearrangements were found in the
plasmid isolated from mice eight weeks after infection. Anti-N antibodies and a splenic T cell
proliferation specific to N protein were detected in mice immunized with BCG-N MV
recombinants. Depending on the mouse strain, the dosage and the boosting schedule, immumized
mice reveal a 25%-50% decrease in mortality after MV challenge. Attempts are underway to
express stably MV-H and F proteing in recombinant BCG.

Transgenic mice expressing the human measles virus CD46 receptor have been developed.
In two transgenic lines, expression of CD46 has been detected in the spleen and thymus and both
lines transmitted the CD46 transgene to the progeny. Susceptibility testing of these animals to
measles virus infection is in progress.

The SC recommended for funding in 1994/95 five new research projects which could give
important information on pathogenesis and immunity of measles infection, further the development
of animal models (transgenic mice susceptible to MV), and contribute to the evaluation of novel
approaches (DNA vaccine, adenovirus as vector, virus-like particles) in the development of new
vaccines.

{(d) Banks of reagents

The GPV reagent bank of measles virus at the Pasteur Institute in Lyon, provides on request
monoclonal antibodies against H, F and NP proteins, as well as vaccima virus-MV recombinants
expressing MV proteins. NP protein using baculovirus as vector was prepared and submitted for
quality control for future inclusion in the bank. A project is in progress to develop monoclonal
antibodies for differentiation of wild and vaccine strains of MV,

The bank of measles virus strains at CDC, Atlanta, contains about 100 strains 1solated in
Africa, Europe, North America and South America. Different measures have been taken by CDC
and WHO for the acquisition by the bank of new measles virus strains. New facilities for isolation
of strains may become available under the WHO project to establish a global network of
laboratories for the diagnosts of measles and the monitoring of measles vaccines.

(e) Expected output of SC activity

Short term: evaluation of recombinant efficacy of vaccinia and canarypox viruses, of
ISCOM-MV and of nucleic acid candidate-vaceines in animal models; further identification of B/T
cell epitopes; construction of new vectors; and subunit preparations.

Medium term: evaluation of safety of recombinant vaccinia and canarypox viruses
recombinants, ISCOM-MV and nucleic acid candidate-vaccines; testing of other potential
approaches; establishment of a transgenic mouse model; a better understanding of the mechanisms
underlying immune mediated protection and pathogenesis; entering of novel generations of vaccines
into the development stage.
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Long term: industrial development of new vaccines; use of molecular epidemiology for
monitoring progress; elimination and eradication of disease and infection.

H Collaboration with other Programmes

GPV and the US National Institute of Allergy and Infectious Diseases (NIAID) programme
of research for improved measles vaccines provide combined financial support to the project to
establish a monkey model and use it for the evaluation of measles candidate vaccines. An
agreement was reached concerning a joint GPV and CVI/PDG funding of the project to develop
adenovirus recombinants ag sources of measles virus proteins.

3.4.2 Acute respiratory viruses

(a) Strategic plan for the development of RSV and PIV3 vaceines

The priority of the SC is the development of RSV and PIV3 vaccines that protect against
disease without potentiating disease.

The aim is to control the ubiquitous acute regpiratory diseases of infancy and early

childhood which are due predominantly to infection by respiratory svnevtial virus (RSV) and
parainfluenza type 3 virus (PIV3), and to a lesser extent by other parainfluenza viruses. The

research priorities to reach this aim are the following:
. Bevelop subunit vaccines that are protective and not disease potentiating. The
vaccine should include both surface glycoproteing and should be effective against the

different circulating virus strains or subgroups.

. Develop live attenuated vaccines using traditional or molecular approaches to
produce attenuating mutations.

. Explore the usefulness of vectors of viral antigens to protect against RSV and PIV3.

. Develop animal models of RSV and PIV3 infections useful in the study of their
pathogenesis, immunobiology and immunopathology.

. {dentify the protecttve immune responses, including humoral and cell-mediated
immunity, in animals and humans. Analyse the effect of passively acquired antibody
on the development of the immune response to infection or immunization.

(b) Research activitics and progress

Basic immunology

A study on the antigenic characterization of human RSV glycoproteins is in progress. The

results obtatned reveal the complex structure of certain epitopes recognized by neutralizing anti-¥
antibodies. Tests on the reactivity of an extended panel of anti-G monoclonal antibodies to viral
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isolates have led to the identification of three types of epitopes in the G glycoprotein namely: (i)
strain-specific epitopes, (ii) subgroup-specific epitopes, and (iii) conserved epitopes, shared by all
the viral isolates. These data are important with respect to identifying antigens which may induce
protective immune response.

Valuable information was obtained on genetic and antigenic variation in the attachment
protein of RSV. Up to 18% variation occurs in the amino acid sequence in the protein of the
currently circulated RSV strains within the major antigenic groups. Furthermore, similar variations
appear to exist in the amino acid sequence in the G genes of pairs of viruses isolated from repeat
infection in children.

RSV and PIV3 vaccines

In a monkey model, bovine PIV3, which is closely related to human PIV3, was found to be a
promising vaccine candidate for prevention of diseases caused by human PIV3. In seropositive
volunteers, bovine PIV3, like wild-type human PIV3, had low infectious and low immunogenic
capacity. However, bovine PIV3 infected 92% of seronegative volunteers following one dose of
vaccine. The incidence of fever or respiratory tract illness in the immunized group did not exceed
that observed in the placebo group. Bovine PIV3 was not easily transmissible, and the attenuation
phenotype of this virus was genetically stable following replication in seronegative subjects.
Results of the phase I evaluation are encouraging and studies in very young infants are in progress.

The cold-passage mutant (cp-45) of human PIV3 was developed and evaluated by
researchers from St Louis University, Vanderbilt University, Johns Hopkins University, and NIAID.
The ¢p-45 mutant, which was previously found to be highly attenuated in rhesus monkeys and
chimpanzees, was highly infectious and immunogenic for seronegative infants and young children.
The virus was satisfactorily attenuated and replicated to a peak titre which is usually attained by
attenuated vaccine viruses. The temperature sensitive (ts) phenotype of this virus was highly stable
following prolonged replication in these susceptible subjects,

Cold-passage ts mutants of RSV have been developed as a result of passages of the wild-
type A2 strain of RSV in cells and chemical mutagenesis, and they were then evaluated by NIAID
and Wyeth-Ayerst Research, USA. Some of the mutants obtained induced serum neutralizing
antibodies and were highly protective against subsequent wild-type virus challenge in chimpanzees.
Because these mutants exhibit many desirable characteristics for an RSV vaccine, several of them
are now being evaluated in phase I trials in humans.

A GPV meeting was held in Nyon, Switzerland, on 27 March 1994, to review the status of
RSV and PIV3 vaccine development and to explore new methods of immunization which might be
applied to prevent the diseases caused by these two pathogens. The participants of the meeting
considered that live attenuated vaccines for RSV and PIV3 could become a reality in the near future
and noted a coordinating role of GPV in the development of vaccines against diseases caused by
respiratory viruses. The meeting report will be submitted for consideration and publication in

"Vaccine".
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(c) Bank of reagents

The WHO Reagent Bank for RSV and PIV3 is maintained at the Food and Drug
Administration, USA (focal point: Dr J. Beeler). Standardized antisera, monoclonal antibodies,
virus strains, and recombinant vaccinia viruses are available in the bank for distribution. Since the
reagent bank was first established, 28 investigators in nine countries have received reagents.

The S5C recommended to include in the bank the ¥, G (subgroup A), and G (subgroup B)
purified proteins which have been developed by Lederle-Praxis Biologicals,

3.4.3 Measles Product Development Group (CVI/PDG)

Dr P. Minor, Chairman of the PDG, reviewed the main activities of the group. To date, two
manufacturers have been identified and are working with potential measles candidate vaccines.
Pasteur-Méricux-Connaught (PMC) and the Netherlands National Institute of Public Health and
Environmental Protection (RIVM). A collaborative agreement with PMC regarding the
development and testing of canarypox vectored meastes vaccine 18 under preparation. The RIVM
project on the development of ISCOM-measles vaccine was considered.

In May 1994, a PD( meeting of interested parties was held in Bethesda, for the purpose of
providing additional research groups with information on what will be required to develop a new
measles vaccine, More than 30 topics on different aspects of measles infection and vaccines were
presented and discussed.

PDG, together with GPV, decided to provide funding in 1994 in support of a research
project for the development and assessment of defective adenovirus recombinants as sources of
diagnostic antigens and immunogenic proteinsg from measles virus.

Discussion:

Dr Schild raised the question concerning currently available facilities for the supply of
seronegative monkeys which are especially needed in studies on the evaluation of safety (e.s.
atypical measles) and efficacy. Dr Osterhaus replied that the model is dependent on MV
seronegative animals, bred in captivity. For the currently planned experiments, the supply seems
suffictent. As expected, there is a dramatic increase in the need of animals, and additional sources
of MV seronegative macaques may be required, In the USA (NIAID programme) two groups are
setting up macaque models, and a collaboration between the Dutch and the USA groups has been
initiated in order to compare the results in the respective model systems using the same and
different virus isolates. Limited monkey experiments could also be planned in the UK.

Sir Gustav Nossal asked to what extent it was possible at this momeni to differentiate
between attenuated vaccine strains of MV and wild type MV strains from different geographical
origins. Dr Osterhaus replied that there are as yvet no genetic markers for attenuated strains, and
efforts to define genetic and antigenic markers for this purpose are still being carried out and will
continue to have high priority. It should be stressed that the present attenuated vaccine may be
expected to protect against all the known wild type viruses.
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Dr J. La Montagne inquired whether the clinical isolates used in the monkey model were
adapted or not to vero cells. Dr Osterhaus answered that this was probably an important issue, since
it has been shown that even the so called wild type Edmonton B strain, has already moved to exhibit
a more attenuated phenotype in the monkey experiments than the MV-BIL that were used. The
latter virus had only been passaged over lymphoid cells, whereas the MV Edmonton B has been
passaged over vero cells. Experiments in monkeys with MV-BIL adapted to the replication in vero
cells are now in progress and may formally prove the hypothesis that vero cell adaptation results in
a more attenuated viral phenotype.

Dr Sadoff asked whether, in the light of the limited responses found with the ALVAC-MV,
the NYVAC-MV was also being considered. Sir Gustav Nossal replied that it was not surprising
that this abortive type of infection with ALVAC-MV did not induce an optimal response.
Dr Osterhaus added that he wished to stress that the data on the immwunogenicity of ALVAC-MV
were not available at present. Furthermore, a recombinant vaccinia virus-MV has been included for
study and experiments with NYVAC-MV will be carried out in the near future. This had already
been discussed with Pasteur-Mérieux in Lyon and the final experiments need the approval of the
Task Force (September 1994).

35 DENGUE AND JAPANESE ENCEPHALITIS

(a) Current status

Dr Robert E. Shope, Chairman of the SC on Dengue and Japanese Encephalitis Vaccines,
summarized the current status of dengue and Japanese encephalitis. Dengue and dengue haemorrhagic
fever (DIF) are present in 92 countries or territories in Africa, Asia, the Pacific Islands and the
Americas. About 250 000 cases of DHF are reported to WHO annually, with a case fatality rate
between 1% and 10%. The disease is spreading through the tropics. Until 1981 DHF was a problem
primarily in Asia. In 1994 an epidemic of DHF was noted in Saudi Arabia and 30 strains of dengue
virus were isolated. The epidemic continued through the period of the pilgrimage, when the local
population is considerably increased, thus providing favourable conditions for transmission of the
virus. In many countries DHF is the leading cause of hospitalization among children. Nearly three
million children were hospitalized in South-East Asia during the past three decades. There are four
serological types of dengue virus, and vaccine should be effective against all of them.

Mono-, bi-, tri- and tetravalent live attenuated candidate vaccines were developed in Mahidol
University, Bangkok, Thailand and have been submitted for evaluation in phase I and II tests. Studies
started with adults and have recently progressed to children. Updated results indicate that the vaccines
arc safe and immunogenic. Human trials, which are now in progress, will allow definition of the
appropriate dose of tetravalent vaccine needed to induce the maximum immune response to all four
serotypes. In an agreement with a commercial manufacturer for large-scale production of tetravalent
vaccine, considerable progress has been made and this vaccine should be available for human testing
towards the end of 1994.

Japanese encephalitis is endemic in some countries of South-East Asia and the Pacific region.
Japanese encephalitis case fatality ranges from 20% to 50% and one third of survivors have sequelae.
The vaccination target is around 65 million children per year. Inactivated mouse brain vaccine has
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been used in India, Japan, Korea, Taiwan, and Thailand; however this vaccine is quite expensive. The
use of inactivated and live vaccines, both prepared in hamster kidney cells, is being explored in China.
Approximately 20 million doses of live vaccine per year are used for the immumization of children at
one year, two years and around five years of age. The available results show that the vaccine is safe. A
study is in progress to evaluate the efficacy of the vaccine. The Rockefeller Foundation is assisting
China in designing a vaccine production facility which could serve as a model facility for efficient,
inexpensive production of vaccines in other parts of the world.

(b) Research priorities

At its April 1994 meeting, the 5C considered that the research priorities and the plan of
activities both fit with the newly acquired knowledge in the area concerned and that there is no need
for revision. Only small additions were made to the plan of activities.

Current prioritics of the SC are:

. Research on flavivirus gene-function relationship including the identification of
protective epitopes on preM/M, E and NS-1 viral proteins as well as T cell epitopes on
NS-3 and other proteins; characterization of subviral particles formed by expression of
preM/E in vectors; genetic and antigenic companson of attenuated and parent
flaviviruses, with the aim of identifying mechanisms of attenuation of dengue and
Japanese encephalitis viruses.

. Use of infectious clone technology to study viral pathogenesis and immunity and to
construct chimeric viruses with yellow fever, dengue and rubella backbone as potential
vaceings.

. Exploration of the value of live vectors of proteins of dengue and Japanesc encephatitis

viruses for protection against these viral infections, with special reference to
recombinant vaccinia-vectored antigens and baculovirus-expressed truncated E protein.

. Investigation of alternative biotechnological approaches (naked DNA) for the
development of dengue and Japanese encephalitis candidate vaccines.

. Research aimed at evaluating, comparing and then optimizing the protective effect of
candidate vaccines in current or newly developed animat model systems.

. Research on the climcal evaluation of safety, immunogenicity and efficacy of candidate
vaceines.
. Research aimed at the improvement of existing formulations, optimization of

manufacturing conditions, and development of novel vaccine delivery methods,
including oral and combination vaccines.
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(c) Research activities and progress

Infectious clone technology was explored successfully for the development of chimeric
flaviviruses. The progeny virus recovered from yellow fever infectious cDNA was characterized.
Comparative analysis of different strains of yellow fever virus made it possible to identify a number of
mutations that are 17D-specific and potentially related to yellow fever virus attenuation. An infectious
clone of 17D has been produced under GMP, and the necessary expettise now exists in bioengineering
for making chimeric constructs of 17D and dengue virus that could lead to human trials. The
availability of validated manufacturing of yellow fever vaccine and of standardized neurovirulence
testing is an important basis for the successful development of this project.

The application of infectious clone technology yielded progeny dengue 4 virus with dengue 1
or dengue 2 virus component which could be identified serologically. The protective efficacy of two
chimeric viruses was investigated in rhesus monkey experiments. Monkeys immunized with the
dengue 1+dengue 4 chimera developed neutralizing antibodies against dengue 1, and 50% of
immunized animals were fully protected against dengue 1 challenge. All monkeys immunized with
dengue 4+dengue 2 chimera developed arti-dengue 2 neutralizing antibodies and were fully protected
against dengue 2 challenge. The results obtained are encouraging with respect to developing a
tetravalent dengue vaccine, However, work still needs to be carried out on the development of a
denguc 4+dengue 3 chimeric virus.

Vaccinia virus (NYVAC vector) was used for the development of recombinants producing E
protein of dengue 2, 3 and 4. 1n a previous phase I tral with immunogens other than flavivirus, the
NYVAC vector was characterized as apparently safe. As a result of the study made with dengue virus,
three recombinants were constructed which induced the synthesis of E protein in HeLa cells. The
products developed under this project seem to have a strong potential as candidate vaccines. Mouse
immunization studies are in progress to evaluate the immunogenicity of these proteins.

The rtole of both synthetic peptides and subunit preparation of dengue virus non-structural
(NS$)1 glycoprotein as possible components of future vaccine, was studied. Evaluation of the
protective activity of these proteins in an animal model showed that they were only partially protective
against dengue virus challenge. This suggests that any candidate subunit vaccine would probably need
to contain additional viral antigens. High concentrations of NS1 and anti-NS1 antibodies in sera of
some patients experiencing secondary infections were demonstrated, thereby suggesting a possible
correlation between severity of disease and high Jevels of both NS1 and anti-NS1 antibodies.

The role of T cell responses to NS3 protein of dengue 1 virus in protecting mice against lethal
infection was studied. Tt was shown that some cytotoxic T lymphocytes (CTL) responses were broadly
cross reactive against all four dengue serotypes, and related flaviviruses. These results suggest that
vaccination with non-structural proteins can induce CTL responses to a broad class of viruses.
Preliminary evidence of protective activity of adberent CD8+ cells was revealed in studies using
adoptive transfer of dengue-specific T cell clones to mice infected with dengue 1 virus.

Sequencing of the dengue 1 strain 16007 and the attenuated vaccine candidate PDK 13 allowed
identification of 39 nucleotide differences, resulting in 18 changes in predicted amino acid sequences
in viral proteins. Comumon putative attenuation sites were defined and compared with observed
mutations in the sequences of yellow fever and dengue 2 parent-attenuated vaccine pairs. The results




obtained are important with respect to defining the penetic basis for attenuation of future dengue
vaccines and to providing a baseline for evaluating viruses recovered from vaceinated subjects.

A project 1s in progress on molecular and functional analysis of dengue virus-specific, human
cytotoxic T cell immunodominant epitopes. To date, epitopes on dengue 3 NS3 protein recognized by
sevenn CD4+ cell clones from a donor, have been partially mapped. Immunodominant epitopes
recogmized by T cells obtained from three of five human donors are located on NS53; in the other two
donors immunodominant antigens were recognized on either NS1-NS2a or C-preM.

(d) Expected output of SC activity

The shori-terms goals are:

to develop recombinant vaccines with rubella and vaccinia viruses as vectors;
to demonstrate nucleic acid vaccine feasibility;

to develop 17D chimeric virus;

to develop dengue 4 mutants with mutations in the 5+3' regions of the genome;
to develop animal models for evaluation of dengue candidate vaceines.

The long-term goal 1s to carry out a field trial of recombinant Japanese encephalitis and dengue
vaccine.

(¢) Animal model for the testing of candidate vaccines

In view of the rapid progress in the development of dengue and Japanese encephalitis
candidate vaccines, the SC felt the need for standardization of the procedure used to evaluate the safety
and efficacy of new vaccines in animal models. The SC recommended that a one day meeting be held
on "Standardized animal testing of immunogens of dengue and Japanese encephalitis viruses” in
conjunction with the Second International Meeting on Hepatitis C Virus, Pestivirug and Flaviviruses,
31 July-6 August 1994, San Diego, USA.

(f) Recagents banks

For many years Dr Shope at Yale University, USA, has been providing researchers with virus
strains, antigens, escape mutants and monoclonal antibodies. However, because of restrictions placed
by the USA agricultural authorities on the international movement of infectious materials, the SC has
recommended that other regional collaborating laboratories be designated to retain the reagents useful
for studies related to vaccine development, including monoclonal antibodies and escape mutants
produced under GPV, for further supply. The WHO Collaborating Centre for Arboviruses and
Haemorrhagic Fevers in Australia was tentatively identified as an appropriate institution for this
activity and the WHO Secretariat will contact the staff of the Centre on this subject.

(g) Formation of a product development group for candidate dengue vaccines

The tetravalent live, attenuated dengue vaccine has been tested in phase 1 and Il studies. Dr
Natth Bhamarapravati of the Centre for Vaccine Development, Mahidol University, Thailand, raised
the issue of the need for an advisory group to assist in the design and implementation of safety and
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efficacy testing of the commercial product. Other research groups are working successfully in the
development and testing of denpue and Japanese encephalitis candidate vaccines, including the
recombinant vaccinia-dengue constructs produced in the laboratory of Dr Shope. In view of this
situation, the SC recommended that a product development group be established for the purpose of
advising on the different aspects of testing of existing and future vaccines in human beings. Dr T.
Monath of Qra Vaccine Inc., Cambridge, USA, has informally accepted to serve as the chairman of
such a group.

Discussion:

Dr A. Oya asked about the immunological efficacy of Japanese encephalitis live attenuated
vaccine. Dr S. Halstead replied that according to the data received from China, one and two doses of
vaccine induce 77% and 95% seroconversion, respectively.

On the recent epidemic of DHF in Saudi Arabia, Dr XK. Lam remarked that live attenuated
dengue vaccine developed in Thailand, will probably be unacceptable in muslim countries because
dog and pig cells are used in the preparation of this product. Other technological approaches should
therefore be taken to develop an alternative dengue vaccine.

3.6 HEPATITIS AND POLIOMYELITIS

Dr D. Bradley, Chairman of the SC on Hepatitis and Poliomyelitis Vaccines, reported on the
activitics of the SC during the past year. He noted that the private sector may not significantly
contribute to the development of certain hepatitis vaccines of interest to the SC because live attenuated
hepatitis A virus and hepatitis E virus vaccines are areas of little interest to industry. He also noted
that a progressive decrease of the SC budget created considerable difficulties in carrying out the GPV
strategic plan for the development of vaccines against diseases caused by human hepatitis viruses and
the poliovirus. In view of this situation, the question was raised: “Is it reasonable to continue GPV
activities in this area, with the level of support which is currently available?"

3.6.1 Hepatitis A

(a) Research priorities

The aim is to develop a safe and effective hepatitis A virus (HAV) vaccine which is capable of
inducing long-lasting immunity and which can be produced at a cost allowing its distribution and use
in developing regions where hepatitis A disease is a continuing and/or emerging problem. The SC
considers that this goal may best be met by the development of an attenuated HAV vaccine or other
type of self-replicating antigen. Specific areas of interest include:

Studies concerning the pathogenesis of hepatitis A which may suggest novel strategies
for the design of HAV vaccines and which have been shown to be directly relevant to
vaccine development.

Studies on the molecular basis of (i) the relatively restricted growth of HAV in cell
cultures, and (if) the attenuation of cell culture-adapted viruses. Such studies may lead
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to the design of vaccine candidates with itnproved attenuation phenotypes, as well as to
new strategies for enhancing virus yields for production of HAV vaccines.

. Studies on alternate approaches to attenuation of HAV, or development of altemative
replicating antigens.

(b) Research activities and progress

Several manufacturers in industrialized countries have developed inactivated vaccines against
hepatitis A. The testing of these vaccines has shown them to be effective in children; however,
because of the high cost, their use in developing countries appears to be limited. The SC supports the
research project on standardization of HAV antigen. The development of a reference standard will
allow standardization of antigen potency in HAV vaccines and promote uniformity of all
manufactured vaccines.

Several candidates of attenuated HAV vaccine have been developed. However, they are
variably attenuated and do not possess good markers for attenuation. Considerable progress was made
in studies to determine the molecular basis of attenuation of IIAV. The molecular basis for growth of
HAYV in cell culture was mapped to the 2B and 2C genes of the HAV genome and a contribution from
both the §' non-coding and the P3 regions was revealed. A project is in progress to develop a new,
attenuated HAV vaccine by constructing specific deletion mutation within the 5' nen-translated region
of the HAV genome. Mutant genomes constructed by deletion of part or all of the pyrimidine-rich
tract between nucleotides 96 and 139 revealed that this tract 1s not required for replication 1n the cell
culture, Further study will include an evaluation of the impact of deletions within the pyrimidine-rich
tract on the ability of the virus to replicate and to cause disease in a primate model.

The SC recommended for financial support in 1994/95, one research project aimed at
developing a transgenic mouse model for HAV which could give important information on the
pathogenesis of this virus and possibly allow replacement of primates in much HAV research.

3.6.2 Hepatitis E
{(a) Research priorities

The aim 1s to develop a safe and effective hepatitis I virus (HEV) vaccine which is capable of
inducing long-lasting immunity and which can be produced at a cost allowing its distribution and use
in endemic regions of the world. More specific aims include:

o Develop cell culture systems for propagation of HEV, in order to: (1) develop
neutralization tests and monitor development of protective antibodies in infected and
immunized individuals, and (ii) produce candidate vaccines;

» Dctermine the extent of antigemic vanability of HEV igolates recovered from
geographically distinct regions of the world, and the relevance of these differences to
vaccine development.




Develop and improve our understanding of the pathogenesis of hepatitis E infection,
particularly with respect to protective immunity, along lines that are directly relevant to
vaccine development.

Develop candidate HEV vaccines using: (i) proteins expressed by eukaryotic or
prokaryotic vectors, (i) cell culture-derived live attenuated virus, and (iii) inactivated cell
culture-derived antigens. These vaccines should confer long-lasting immunity and be
cross-protective with regard to different isolates of HEV.

Develop inexpensive, easy-to-use assays for detection of IgM and IgG isotype-specific
antibodies to HEV. '

Develop an animal model which will be useful for vaccine development.
(b) Research activities and progress

Hepatitis E virus is one of the main causes of acute hepatitis morbidity and mortality in several
regions of the developing world, mortality approaching 20% in pregnant women. In some developing
countries more than 50% of acute viral hepatitis appears to be associated with HEV infection.
However, many aspects of hepatitis E epidemiology need further elucidation. Although clinical FIEV
infection has been associated primarily with young to middle-aged adults, several investigators have
reported asymptomatic HEV infections in young children.

Evidence was obtained which showed that piglets and lambs are susceptible to HEV infection,
developing symptoms comparable to those in primates. With GPV support, a study is in progress to
characterize HEV infection in piglets and lambs in more detail, and to develop a non-primate animal
model for this disease.

The SC recommended for funding in 1994/95 two research projects. One of these 1s aimed at
constructing recombinant HEV antigens as an approach to candidate vaccine development, and at

developing a diagnostic assay for the identification of anti-HEV IgM and IgG antibodies. The other
projeci focuses on developing poliovirus antigenic chimeras expressing HEV epitopes.

3.6.3 Hepatitis C

(a) Research priorities

The objective is to develop a vaccine suitable for use in developing countries where hepatitis C
is responsible for significant disease. The SC considers that this is likely to require further
understanding of the replication mechanisms and pathogenicity of the hepatitis C virus (HCV)
infection, the antigenic properties of the virus, and the immunology of HCV infection. Specific
priorities include:

Establishment of in vitro culture systems supporting HCV multiplication, and
construction of a full length infectious cDNA clone.

Determination of the functions of viral structural and non-structural proteins, focusing
on the identification of epitopes responsible for eliciting protective immunity.
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. Studics of antigenic variation among HCV strains from diverse geographical regions,
and determination of the relevance of these variations to vaceine development.

» Studies of the immunological response to HCV infection in the human host in order to
determine the role of cellular and humoral Immunity in HCV infection and
development of the HCV carrier state.

. Development of an animal model useful for vaccine development.

(b)  Research activities and progress

Hepatitis C has proved to be one of the most common chronic viral infections worldwide,
affecting approxirnately 1% or more of most populations. Clearance of the virus appears to be a rare
event. Therapeutic interventions thus far have proved only partially successful, and a significant
proportion of patients ultimately progress to cirthosis and die of liver failure or hepatocellular
carcinoma. At present, no adequate culture system for HCV has yet been established. When an HCV
tissue culture system becomes available, it could provide a basis for the development of diagnostics
and vaccine at a reasonable cost. GPV provides support for the project to study CD+ cell response to
HCV in healthy carriers and in patients with chronic hepatitis. Another study supported by GPV is
directed at developing new diagnostic assays and at determining whether such assays can discriminate
between the healthy carrier and the disease state and predict resolution of disease.

{c) Interpational Collaborative Study on Hepatitis C Virus Nomenclature and
Genotypes

In order to mect several requests from researchers for a uniform system of HCV nomenclature
and genotypes, the SC recommended for funding a collaborative study with the following objectives:
(i} optimize and standardize the detection of HCV-RNA using a reference panel of sera containing
characterized HCV genotypes; (i) agree on an internationally recognized system of HCV
nomenclature; (iii) define criteria and protocols for classifying new HCV isolates. The results of the
study should be available in 1996.

3.6.4 Poliomyelitis
(a) Research priorities

The aim is to improve existing poliovirus vaccines. Research in the following areas will be
considered, provided it 1s relevant to the initiative for the global eradication of poliomyelitis by the
year 2000:

. Genetic approaches to improvement of the thermostability of oral polio vaccine (OPV)
straing,
. Improvement in the intrinsic imumunogenicity and persistence of immunity generated

by OPV and inactivated polio vaccine (IPV).
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. Improvement in the stability of the attenuation phenotype of the types 2 and 3 OPV
strains.

. Development of alternative models for investigation of immunogenicity and
attenuation and for safety testing of OPV.

(b) Progress in research and vaccine improvement activities

Several activities related to vaccine improvement have been pursued by the SC. Techniques
based on the polymerase chain reaction (PCR) were developed to detect point mutations in the critical
sites of the poliovirus genomes, Updated results show that these techniques will be useful in studies
on poliovirus epidemiology. Considerable progress was achieved in a pioneer study on T cell
recognition of poliovirus. In particular, the study resnlts demonstrated the role of Thl cells in
protection mediated by B cells.

Several lines of poliovirus-sensitive transgenic mice (PVR Tg) have been developed by
introducing a human gene encoding the poliovirus receptor (PVR) into the genome of the animal,
Extensive studies performed in several laboratories, demonstrated the capacity of the PVR Tg mouse
test (intracerebrally or intraspinally inoculated) to distinguish different levels of neurovirulence of
polioviruses over a wide range. The Meeting on Transgenic Mice Susceptible to Poliovirus as a
Model for Neurovirulence Tests of Live Poliomyelitis Vaccine was held at WHO Headquarters,
Geneva, 21-22 October 1993. The meeting evaluated the data available in the area concerned, finding
them very promising, and recommended collaborative studies to develop a standard protocol for
neurovirulence tests of batches of poliovirus live vaceine. At present, the international collaborative
studies are in progress.

The SC recommended for funding in 1994/95, one project aimed at determining conclusively
the ability of PVR Tg mice to differentiate among vaccine batches which either passed or failed the
WHO monkey neurovirulence test. The SC also recommended that a meeting be held in 1995 in order
to review the results of WHO collaborative studies and reach a final decision concerning the use of
transgenic mice susceptible to polioviruses as a model for neurovirulence testing of live poliomyelitis
vaccines and for analysis of neurovirulence of poliovirus isolates.

3.6.5 Poliomyelitis Product Development Gronp (CVI/PDG)

Dr Lemon, Chairman of the PDG for Poliomyelitis Vaccines, gave an overview of the
activities and achievements of the PDG. He reminded that the PDG for poliomyelitis focuses on
cfforts to stabilize the polio vaccine. The aim is to obtain a product with less than 0.5 log decrease of
potency of all three polio serotypes over a pertod of seven days at 45°C.

Lines of investigation have included the following:

. examine a large number of excipients and lyophilization stabilizers for their ability to
stabilize polio vaccine, using an empirical approach;
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. utilize a series of capsid-binding antivirals developed by the Sterling-Winthrop Co.,
known to enhance thermostability of picomaviruses;

- evaluate the use of conventional lyophilization;

) apply a mild air-drying procedure, using trehalose as excipient.

All of these above approaches proved only partly successful, and none of the methods used
provided the required degree of thermostability to the vaccine virus preparations. Therefore, a further
method, recently developed in the framework of a PVD project, namely suspension of the virus in
heavy water (deuterium oxide), was cvaluated. In preliminary experiments, suspension of different
polio virus strains in a medium containing 87% deuterium oxide plus magnesium chloride resulted in
substantial stabilization of the virus particles, as opposed to the aqueous buffer controls containing
magnesium chlonde only.

The feasibility of the deuterium oxide approach is being actively investigated by two
commercial vaccine developers. Now that a comprehensive evaluation has been made of the scientific
issues of thermostabilizing polio vaccine, the PDG will change its focus towards activities relating to
the downstream aspects of vaceine development.

Discussion:

Sir Gustav Nossal asked for a comment on the urgency of live attenuated HAV vaccine
development given the fact that two efficient non-living hepatitis A vaccines are available. Dr Bradley
responded that the major problem was the cost of production, a problem which could be overcome by
using a replicating, live source of vaccine. Dr Sadoff remarked that the development of a live
attenuated HAV vaccine was a very demanding task, from the scientific point of view, and, in
addition, would require big investments and long development periods. Therefore, it seemed sensible
to cvaluate alternative approaches, e.g. combipation of the vaccine with a highly effective adjuvant as
this would not only make it possible to lower the dose of vaccine but also to bring down the price.

Dr Tormgiani asked for information on the populations which should be targeted by a
hepatitis A live vaccine. Dr Kane explained that, in countries with an intermediate hygiene level, a
high level of virus in the environment and yet a high number of unexposed and thus susceptible
children, there was an enormous discase burden. In such countries, the use of the currently available
non-hving hepatitis A vaccine, which may give protcction for no more than ten years, might only
delay disease. The chances for longer-lasting immunity might be much higher with a live attenuated
vaccing.

Dr Lemon expressed some doubts about the possibility of bringing down the high price of a
hepatitis A vaccine 10 Jevels affordable by developing countries in any other way than by making
available an attenuated vaccine. He agreed with Dr Sadoff that, so far, development of live attenuated
HAV vaccines had been problematic, but he added that there were much more encouraging results
from ongoing investigations.
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37 TRANSDISEASE VACCINOLOGY

Dr J. Sadoff, member of the SC on Transdisease Vaccinology (TDV) (in the absence of
Dr J. Holmgren, Chairman), reported on the activities and achievements of this SC during the past
year. Because of the larpe number of proposals submitted and the diversity of areas of expertise, the
Transdisease Vaccinology SC is composed of four working subcommittees, one for each of the
following priority areas:

(i) icroencapsulation and other non-replicating delivery sy with the main purpose of
conversion of multiple dose vaccines into single dose vaccines.
(i)  Development of useful live vaccine vectors (viral and bacterial) and of nucleic acid vaccines

(NAV).

(iti)  Mucosal immunization. The mucosa is the most frequent route of infection and the major
immune system "homing" tissue. There are also many practical and logistical advantages in
favour of oral immunization.

(iv)  Improvement of immunogenicity, This area deals with adjuvants, cytokines and other
approaches to enhance and/or target the immune response, as well as with neonatal
vaccinology.

These subcommittees, which report back to the plenary, are responsible for: (i) assessing
progress achieved through collaborative projects, (if) preparing reviews of achievements in a given
area to facikitate the task of the whole SC in allocating funds and setting up priorities for the following
year, and (iii) identifying projects which can be funded through commissioned research, corresponding
to the priorities of the programme.

3.7.1 Research priorities

All supported projects should aim at providing information applicable to more than one
disease-specific vaccine. Within the framework of the above priority areas, the research priorities for
the next year were defined as follows:

(a) Optimization of antigen delivery to the immune system

e Design of vaccination procedures allowing conversion of multiple-dose into single-dose
vaccines using controlled-release systems or new delivery systems, such as
adjuvants/carriers and artificial vectors/particles. Priority will be given to projects using
the following "model" antigens: diphtheria toxoid, tetanus toxoid, hepatitis B (surface
antigen), malaria antigens, and oligosaccharide conjugates (Haemophilus influenzae b,
group A/C meningococci).

» Comparison of promising adjuvants for stimulating protective antibodies, cytotoxic
T lymphocytes (CTLs) and/or mucosal immunity with a given antigen.







