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Introduction

The meeting of the Technical Review Group (TRG) of the Vaccine Research and
Development (VRD) Unit of the WHO Global Programme for Vaccines and
Immunization (GPV) was held at Glion-sur-Montreux, 9-10 June 1997. The
objectives of the meeting were to review progress of VRD achieved over the past
year, and to evaluate and advise VRD on future research strategies and priorities.

The meeting was officially opened by Dr P.-H. Lambert, Chief, VRD, on behalf of
Dr J.-W. Lee, Director, GPV.

In his introductory remarks, Sir Gustav Nossal, chairman of the TRG, presented his
perception of the major achievements of VR over the last year:

» rapid progress has been made in the area of enteric diseases, a disease complex
responsible for an annual mortality of 2.5 million: rotavirus vaccines are close to
licensing, and important progress has been made towards a shigella vaccine

» in the area of the acute respiratory infections (ARI) disease complex,
pneumococeal conjugate vaccines are now available for clinical evaluation;
difficult decisions on serotype composition have now to be made

+ single-dose vaccine formulations have been successfully tested in man

» nucleic acid vaccine approaches start to show very promising resuits in arcas
where conventional vaceines have only shown slow progress, e.g. full protection
has been achieved in non-human primate models against HIV infection

» collaboration between GPV and industry has further been intensified, as also
evidenced by the participation of industry as a full partner at this meeting

With regard to the excellent progress being made by EPI, such as the eradication of
poliomyelitis from the Americas, and the challenging goals set for the near future,
which include the global eradication of polio, and the elimination of measles and
neonatal tetanus, VRD should continue to be highly problem-oriented in order to
optimally meet the GPV vision.

At the same time, Sir Gustav encouraged VRD to proactively pursue strategic
research in key areas where progress has yet to be made, such as the field of neonatal
immunization and new adjuvants for human use, and to monitor and eventually
take imitiative in newly emerging scienufic opportunities. In this context, the
chairman highly welcomed this vear’s review on potentials for vaccines against
cancer and auto-immune diseases.

'This report includes the minutes of the meeting of the TRG, and summarizes the
achievements and future plans of VRD,
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1. Vaccine and immunization
research in GPV -- an overview

In view of the current explosion in vaccine research, it is now becoming possible
to add vaccination « packages » to usual interventions aiming at the prevention
and/or control of clinical entities of considerable public health importance, such
as diarrhoeal diseases or acute respiratory infections.

Although these clinical entities are related to multiple etiologic agents, it is
conceivable to develop comprehensive immunization strategies which would
aim at reducing the associated disease burden by a combined prevention of the
most frequent causes of the clinical syndrome.

Figure 1: Vaccines for diarrhoeal and other enteric diseases

Annual mortality: 2.5 million

ChOleﬂ'ﬂ: ETEC:
vaccine vaccine by 1998-99
avaitable

) Shigella:
Typhoid: vaccine by
vaccine 2000-01
avaitable

Rotavirus: vaccine by 1997-88

This is of particular relevance for diarrhoeal and other enteric diseases. VRD is
now actively engaged in preparing the introduction of a rotavirus vaccine in
immunization programmes through the organization of clinical trials in several
developing countries. This should be the first step towards an integrated
immunization strategy to fight against enteric diseases, possibly including some
combined vaccines (e.g. ETEC-cholera, Shigella-typhoid). which could then be
added to conventional control measures for these diseases. It should be stressed
that sanitation cannot help for the prevention of rotavirus infection.

Similar progress is likely to be achieved for the prevention of pneumonia and
other acute infant respiratory infections, with an associated impact on
meningitis. The remarkable effect of Pertussis and Hib immunization could
relatively soon be complemented by pneumococcal and RSV vaccines.

Progress of vaccine research and devalopment and plan of activities — 1897
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Figure 2: Acute respiratory infections and meningitis
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At a time of rapidly spreading antibiotic resistance, integrated interventions will
certainly have to be considered. In collaboration with several partners, GPV has
now developed a comprehensive strategy to accelerate the development and the
assessment of pneumococcal conjugates.

3. Inview of the poor impact of BCG on adult tuberculosis and of the long term
limitations of the DOTS approach, the development of new vaccines against
tuberculosis deserves a high priority. Scientific advances made in 1996-97 are
almost ensuring the feasibility of such vaccines. However, this will require
intensive research efforts and somewhat lengthy clinical trials, initially planned
in adults pre-exposed to tuberculosis or to BCG. GPV will continue to
coordinate pre-clinical studies to select the most appropriate vaccine-candidates
and to prepare future clinical trials. This will also include a search for better
immunological indicators of protection.

Figure 3: New tuberculosis vaccine: strategies

1. GENERATE MORE TD
GANDIDATE-VACCINES

5. ASSEES
INDUSTRIAL REGULATORY

DEVELOPMENT 'S‘“’

4, New approaches to induce, particularly in young infants, cell-mediated
protective immune responses against intra-cellular organisms are an important
component of what can be called a « vaccine revolution ». For cxample, new
adjuvant formulations have been shown in man to confer protective properties
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to an otherwise poorly active malaria vaccine. DNA vaccines also appear as a
most promising development in vaccinology, with a potential to generate, at 2
relatively low cost, protective responses against a number of infectious diseases.
VRD sponsored studies have shown that, in experimental systems, such DNA
vaccines were capable of inducing appropriate responses very soon after birth
in conditions where the corresponding conventional vaccines were ineffictent.

Simplifying immunization is becoming more and more relevant in view of the
increasing number of new vaccines and of the globalization of mass vaccination
strategics. Combination vaccines are one answer to this challenge but efforts
are still needed to ensure that multi-components products will exert a protective
efficacy similar to that achieved with individual components given separately.

Figure 4: Combination vaccines

ADVANTAGES
fewer Injections
better compliance’

LIMITATIONS

¢t Interferences

+ gyvidence of similar
efllcacy?

Single-dose vaccines to replace vaccines which require several Injections, e.g.
TT, are now progressing to clinical trials. However, the decision making process
regarding further development of the controlled-release TT vaccine, initially
promoted by GPV, will require a careful cost-benefit analysis.

Research on future immunization strategies and particularly on the modalities
of introduction of new vaccines into immunization programmes was initiated by
VRD, including the development of generic protocols for the assessment of
disease burden (Hib, RSV, Congenital rubella syndrome) and their
implementation within pilot field studies. These studies, as well as some others
aiming at the evaluation of vaccine effectiveness in real conditions will certainly
facilitate the decision process at country level. The use of future vaccines in the
context of an exploding AIDS epidemic also requires a special attention.

‘The use of vaccines to prevent and/or treat cancer 1s becoming more and more
realistic. Annually, 1 450 000 cancer cases can be attributed to infectious
ctiologies: mainly Helicobacter pylori (stomach cancer), human papillomavirus
(HPV, cervix cancer), and hepatius B and C (liver cancer).

Prograss of vaceing regearch and development and plan of activities -- 1997




Figure 5: Infection-related cancer

Annual morbidity; 1.45 million

Vaccines when?
Hep. B
285 000
Other infections vaccine avail.
Hep, G
140 000 : 113 000
vaceine by

1998-200477

R Hu Papillomavirus
Haelicobactar pylori 416 D00

496,000

vaccine by 2000 vaccine by 2000

Hepatitis B still represents about 20% (285 000) of these infection-related
cancers. Vaccines against Helicobacter pylor: and HPV are now at an advanced
stage of development and these two vaccines would have the potential to
prevent another 912 000 cancer cases. In addition, vaccines to be used as
therapeutic vaccines against other cancers, (e.g. melanoma) are now moving
from the experimental phase to phase III clinical tnals.

Vaccines against immunological diseases are also emerging. Some therapeutic
vaccines for allergic diseases (affecting over 10% of the world population),
which aim at restoring a « normal » immune response to major allergens, are
already produced. Preventive and therapeutic peptide vaccines for auto-
immune diseases such as insulin-dependent diabetes and, possibly, multple
sclerosis are also on the drawing board. VRD intends to closely follow these
developments with the assistance of WHO Collaborating Centres.

WHCNRDIGEN/7.01




2. New immunization
approaches

The Chairperson of the SC on New Vaccination Approaches (NAV),
Dr W.R. Ballou, gave an overview of the 1996 activities as well as the plan of work
tor 1997/98. The mission of the NAV 5C is:

» To identify and assess emerging, novel technology concepts and approaches that
may improve the way in which vaccines are designed or delivered.

e To create successful vaccines where previous strategies have proven ineffective
(enhance efficacy).

» To use strategies that would result in broader vaccine coverage by improving
potency, route of delivery, schedules and margins of safety.

« To help populations at risk for vaccine failure, such as neonates and
immunodeficiency states.

* To address issues of concern to the expanded programme for immunization
(EPI), such as the physical state of candidate vaccines as it relates to delivery and
formulation, as well as the issue of combination vaccines.

In order to provide focus to the wide variety of potential projects supported by the
committee, each research area of the committee is scrutinized and prioritized using
the following checklist approach:

» Why is the approach likely to have a large impact (advantages and disadvantages;
gaps; benefits for developing countries; industrial involvement)?

» What is already known about the approach (major research groups/funding
sources; results; probability of a successful product; cost/time involved in
development)?

» Which are the antigens of choice?

»  Which is the most appropriate action to take (commissioned research; call for
proposals; meeting)?

2.1.  Strategic plan and research priorities

The overall objective is to improve vaccine immunogenicity and simplify vaccine
delivery.

Objective 1: New immunization approaches

Define immunization approaches more efficient than existing ones that are
applicable both to existing vaccines and to diseases for which no suitable vaceine yet
exists. The interaction with other SCs 15 essential,

i Progress of vaceine research and development and plan of activities - 1997
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Sub-objectives:

DNA vaccines: (i) to measure correlates of protection for DNA vaccines as
compared to conventional ones, using appropriate challenge models; (i1) to assess
the potential of the mucosal route for DNA immunization for induction of local
and systemic immunity; delivery systems; (iii) to assess the ability of DNA vaccines
to raise immune responses in the newborn; (iv) to evaluate the use of DNA vaccines
for priming in combination with other modalities of vaccination for boosting.

Mucosal immunization: (1) to assess mucosal adjuvants for local and systemic
immunization; different formulations for oral and nasal delivery; safety aspects;
(ii) to put emphasis in their evaluation through human trials and in determining
correlates of protection.

Neonatal/infant vaccination: (i) to circumvent the inhibition of immune responses
by maternal antibodies; (ii) to determine the induction of appropriate immune
responses (T helper 1, T helper 2 and B cell responses) in a relatively immature
immune system, both at the systemic and mucosal level, emphasis on B cell
responses to polysaccharide vaceines and (iii) to assess the quality of these responses
to existing vaccines in humans

Combined vaccines: to evaluate interactions between protein and polysaccharide
vaccines

Therapeutic vaccines: to explore their use for the treatment of chronic infectious
diseases

Objective 2: New delivery systems

Promote the development of vaccines simpler to deliver than existing ones with
particular emphasis on reducing the number of doses needed to induce long-lasting
protection.

Sub-objectives:

Controlled-release vaccines: to (i) to continue the development of a single-dose
tetanus vaccine as a model vaccine including initial clinical studies; (1) to assess
potential application to other vaccines (diphtheria, pertussis, Hib, HB, DNA)
including the oral delivery; (ii1) to assess the potential of nanosphere technology.

Subunit vaccines: to identify new carriers for peptide or oligosaccharide vaccines;
evaluarion of the effects of pre-existing immunity to the same carrier.

Live vectors: (i) to evaluate prime-boosting strategies involving live vectors, (11)
clinical aspects, emphasis on safety.

Transgenic plants as edible vaccines: vaccinology aspects: assessment of the
induction of immune responses, including tolerance

Delivery of vaccines in a dry form: antigens under consideration comprise Vi
polysaccharide, measles, diphtheria, influenza.

WHOVRD/GEN/7.01 7




2.2.  Achievements

22.1. Microencapsulation: development of a single dose tetanus toxoid
vaccine

Several microencapsulated candidate tetanus toxoid (TT) vaccines (from different
producers, some stabilized and/or adjuvanted) have been evaluated in a comparative
fashion at the National Institutes for Biological Standardization and Control
(NIBSC, Potters Bar, United Kingdom). Microencapsulated vaccines were
administered once and the conventional ones in two consecutive doses (total
amount equal in both cases) to guinea pigs and mice. Bleedings took place at times 0,
6, 12 and 26 weeks and the study will be completed with an additional bleeding by
week 40. The main (preliminary) conclusions were that qualitatively speaking, there
were no differences between the responses induced by microencapsulated and alum-
adsorbed TT vaccines. Quantitatively, one preparation induced comparable
responses to those induced by the same toxoid adsorbed to alum given twice. From
a previous batch tested at NIBSC, another candidate also showed promising results.
The responses induced by the other microencapsulated candidates were not as good
as two-dose conventional TT vaccine but nonetheless significant. Therefore, a
couple of candidates could now be selected to enter clinical trials.

2.2.2. Nucleic acid vaccines

Emphasis is given by the SC to the evaluation of the potential of NAV
immunization via the mucosal route. Two projects evaluating the use of different
carrier systems (biodegradable PGL microspheres and cationic lipid-DNA liposome
complexes) for nasal or oral immunization were successfully completed. In animal
studies, PGL encapsulation of plasmid DNA effectively protected against
degradation during both i.p. and oral administration and facilitated its uptake and
prresswn by appropriate cells in such 2 manner as to evoke systemic and mucosal
immune responses, as well as protective immunity. In a similar vein, targeting
DNA-liposomes encoding antigens to the nasopharynx appears to provide a simple
and non-invasive route to elicit both systemic and gentto-rectal mucosal immunity.

2.2.3. Mucosal vaccines (other than nucleic acid vacines)

Two phase I clinical trials of mucosal vaceines were funded by VRD over the last
year:

» Nasal meningococcal B outer membrane vesicle vaccine (adjuvant aspects)
Twelve volunteers were immunized with nose drops in a nasal spray, four times
weekly plus once one month Jater. All volunteers showed strong IgA responses
in nasal fluids and bactericidal activity was detected in three sera.

¢ Oral live-vectored tetanus vaccine: This study was part of a larger trial (Phase II)
of Salmonella typhi vaccines. 17 volunteers received a single dose of the vaccine.
Only two volunteers increased the titers. The problem was that the starting
population had already quite good baseline titers; it represented though the
lowest possible population after extensive screening in Maryland. The safety
aspect was good.

8 Progress of vaceine research and development and plan of activities -- 1957




A successful project which aims at constructing a mucosal adjuvant, by genetically
linking enzymatically active cholera subunit A1 (CTA) with a cell-targeting (DD;
Ig-binding domain of staphylococeal protein A) moiety is being further supported.
It could be shown that such a construct enhances systemic IgG as well as mucosal
IgA responses to unrelated antigen. Furthermore, enhancement of specific IgGi,
IgG2a and YgG2b responses indicated helper T cell involvernent. It should, however,
be mentioned that there are some safety concerns regarding the use of cholera toxin
(CT) based adjuvants: CT-subunit B given orally has mucosal adjuvant effect but
induces systemic tolerance, CT orally has toxicity and CT nasally inhibits
mmurnty.

2.3. Plan of work for 1997/1998

2.3.1, Microencapsulation: development of a single dose tetanus toxoid (TT)
vaccine

A number of microencapsulated TT vaccine candidates have now successfully
passed thorough preclinical evaluation and clinical trials are immunent. The SC, and
particularly its working group on single-dose TT vaccines will, therefore, take the
following four main actions, to help speed up the downstream development of these
preparations:

» as soon as the central testing at NIBSC has been completed, a report with the
activities of the group and all results will need to be prepared, so the
information is available to anyone who may be interested in undertaking the
industrial development.

» to contact the collaborators and help them to put together all the necessary
information for a pre-IND meeting and then an IND file.

« o inform the potenual vaccine manufacturers or GMP laboratories with
expertise in vaccine technology of our needs and to obtain estimates of the
production for clinical trials.

e to prepare the sites for phase I in a developed country first and then a developing
one. In the first instance the main objective is to prove safety, but there is little
chance of finding seronegative individuals. In the second phase of the project, a
developing country will be selected, a small seronegative population will be
identified and a limited phase II will be conducted.

Other approaches towards single-dose TT will be continue to be assessed, such as
the use of polyphosphazene combined with TT or with TT-containing
microspheres, Salmonella-TT fragment C and particularly TT nanoparticles for
mucosal delivery.

2.3.2. Nucleic acid vaccines

A meeting on phase I clinical trials of DNA vaccines will be organized. This
meeting should review all completed or ongoing human trials and should provide
information on both safety and performance of this new type of vaccines. Results
obtained in non-human primates could also be considered. Furthermore, 2 meeting

WHONRD/GEN/D7 01 9




on nucleic acid vaccines, similar in format to the 1996 DNA vaccine meeting in
Washington, USA, will be organized in one of the developing nations of Asta.

2.33. Mucosal Immunization (other than nucleic acid vacines)

A working group on mucosal adjuvants will be set-up, with activities partcularly
focusing on nasal immunization. The activities of the working group will be co-
ordinated with those of the US-NIH and, if necessary, a joint meeting will be
organized. Moreover, a study will be continued and finalized that was
commissioned by the SC in 1996 to explore the potential of mucosal adjuvants for
human wuse and to identify the most promising approaches/laboratories.
Continuation is planned of a previous and very successful SC project to exploit the
mucosal adjuvanticity of CTA1-DD, In particular, the immuno-modulatory effect
will be compared to that of other known mucosal adjuvants, e.g. ISCOMS and
ISCOM-matrix, and CTA1-DD will be evaluated in animal infection models of
clinical relevance to human disease (Chlamydia, Helicobacter pylori). Also, a clinical
phase 1 trial will be performed to establish safety and immunogenicity of nasally
- delivered DT vaccine, using 2 detergent-based mucosal adjuvant.

Other approaches to induce vaccine-mediated protection via the mucosal route are
based on live vectors which naturally home to mucosal tissue. Salmonellz, the most
promising of these live vectors are used in two 3C-funded projects: (1) investigation
of the effect of pre-existing anti-vector immunity on the immunogenicity of
Salmonella-based vaccines and (i1) construction of a single-dose oral vaccine against
diphtheria.

2.3.4. Neonatal Immunology

The efficacy of infant immunization is limited by defective B cell activation by
bacterial polysaccharides, slow and weak B cell responses 1o protein antigens,
reduced T cell-mediated immune responses and persmtence of antibodies of
maternal origin. These features result for neonates in a greater susceptibility to
severe infections by encapsulated bacteria and intracellular agents. Based on a 1996
recommendation of the TRG, the SC has now initiated two projects in the area of
neonatal vaccinology: (i) a study to identify essential parameters for the induction of
THI1 immune responses in neonates and durmg early life and (ii) development of an
infant monkey model for immunization against Plasmodium.

2.3.5. Powdered vaccines and other new delivery systems

This area groups all projects dealing with new delivery systems and improved
immunogenicity, through both the parenteral and the mucosal routes. Powdered
vaccines would constitute an important technological advance for EPI-type routine
vaccination programmes for several reasons: safety, stability, no need for
reconstitution and ease of combination. Therefore it is planned to establish a joint
VRD-EPI working group to further the development of the necessary technologies.
Potential projects include comparison of “Powderjet” and “Gene-gun” technologies
as well as work on the following possible model antigens: Vi polysaccharide,
measles, diphtheria and influenza.

Progress of vaccine research and development and plan'of activities -- 1997




In addition, this Steering Committee 1s supporting the following activities: (1) a
preclinical study of low-dose HiB (Hemophilus influenzae type B) plus diphtheria,
tetanus and pertussis combination vaccine (DTP) is ongoing; the objective of this
project is the development of a low dose HiB-TT vaccine formulated rogether with
a licensed DTP whole cell vaccine which is effective and yert sufficiently inexpensive
to be introduced in developing countries; (i) work on live-vectored vaccines
includes the initiation of two projects evaluating BCG and replication-defective
mutants of herpes simplex virus as vaccine and vaccine vector; (ii) finally, two
projects on vaccines produced by transgenic plants are funded as feasibility studies,
owing to their potential of providing an cconomical source of vaccine for use in
low-income countries.

2.3.6. HIV/AIDS Vaccines

A joint GPV/UNAIDS working group will be constituted to develop and test new
approaches for HIV/AIDS vaccines. Projects under consideration include BCG-
vectored vaccines, comparison with DNA vaccines and prime-boosting strategies.
Emphasis will be given to mucosal aspects and safety. Any study should be directly
geared towards clinical phase I trials.

Views of the Technical Review Group

The TRG expressed its appreciation for the ongoing research activities and the role of
this SC in being on the forefront of the identification of new technologies for vaceines.

The following developments in some key areas are awaited with interested:

e movirg microencapsulated TT vaccine candidates to Phase | trials;

» assessing safety aspects of the very many DNA vaccine candidates that have finatized pre-
glinical testing and entered Phase | triats;

firm establishment of a Mucosal Warking Group to deal with the identification and selection of
the most promising mucosal adjuvants and their testing in Phase | trials;

deveiopment of powder vaccines and
collaborative efforts with UNAIDS for some promising new approaches for an HiV/AIDS vaccine.

WHONRD/GEN/AT.01




3. Tuberculosis

Dr D. B. Young, the Chairperson of the Tuberculosis Vaceine SC gave an overview
of the activities and future plans of this SC and presented the strategic plan for
tuberculosis vaceine development.

Tuberculosis (TB) research is at 2 cross-roads: prototype TB vaccine candidates have
been completed and in animal models most of these were shown to confer some
degree of protection to virulent challenge with M. ruberculosis. As a consequence, the
focus of TB vaccine research is now shifting away from a mere basic research-oriented
focus towards becoming a forum for issues relating to the development of these
vaccine candidates. There is an obvious need to co-ordinate the global research
agenda and to initiate planning of future clinical evaluation. Therefore, GPV,
together with interested parties from the private and public sector has developed a
co-ordinated strategy for TB vaccine research, comprising three broad areas:
generation of vaccine candidates; initial screening in animals; and vaccine evaluation
in man (comprising correlates of protection and clinical trials), GPV/VRD activities
are organized strictly along the lines of this strategic plan. Progress is monitored by
the GPV Working Group for the Development of New Tuberculosis Vaccines.
Being established as a result of a pioneering meeting in Madrid in 1995, this working
group has become the most important international forum for TB vaccine
development,

3.1. Strategic plan and research priorities

The overall objectives are governed by the determination to translate progress in
fundamental research into new tools for detection and prevention of ruberculosis,
which will complement current control strategies, 1.e.:

¢ to develop new and more efficient vaccines,

» 10 develop research tools and methods to support the implementation of TB
control strategies.

Research priorities (not in the order of importance) are:

TB vaccines candidates:

s To develop subunit vaccine candidates.

e To develop vaccine candidates by rational attenuation of the M. tuberculosis.
¢ To develop live-vectored vaccine candidates (*improved BCG”).

» To develop Nucleic Acid Vaccines.
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Animal models:

e To develop standard protocols to test the protective capacity of wvaccine
candidates in appropriate animal models.

Correlates of protection:

» To idemify immunological parameters which correlate with protective
immunity against tuberculosis in humans.

Genome structure:

» To coordinate and optimize the use of information which will soon result from
efforts to sequence the genomes in relation to all the above-mentioned priority
areas of mycobacterial research.

3.2. Achievements

3.2.1. GPV Working Group for the Development of New Tuberculosis

Vaccines

The Working Group for the Development of New Tuberculosis Vaccines (“The
Group”) was established in February 1996 and has since met twice: on 7-8 October
1996 and on the first day of the 1997 $C meeting . The Group acts as a forum for all
the different commumities which participate in the development of new TB vaccines,
national and international public health organizations, academia, vaccine industry
and regulatory agencies. It directs and reviews activities in line with GPV’s strategic
plan for the development of new TB vaccines.

Terms of reference
The Group supports GPV in the following areas:

« definition of the desirable products: vaccines against infection or disease?
» selection of vaccine candidates for animal testing,

« definition, standardization and validation of assays as immunologic indicators of
protection,

+ planning of future chinical trials,
» consideration of regulatory 1ssues,

» linkage with industrial vaccine producers getting involved in TB vaccine
development.

Practical initiatives in the fields of (i) assessment of TB vaccine candidates in
animals, (i) development of immunologic indicators for vaccine-induced protection
and (iii) planning of clinical trals are carried further by small subgroups of
international experts, who report back to the Group.

3.2.2. Vaccine candidates

Immunologic studies indicate that antigens which are actively secreted by
M. tuberculosis hold important promise both as protective antigens and as skin test
reagents. The protective efficacy of filtered supernatants of short term cultures of
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M. tuberculosis (STCF) - which are highly enriched in secreted proteins - has been
extensively characterized in animal models. Concomitantly, adjuvants were
identified, which in combination with STCF induced a - beneficial -THI1 cell
response. These latter results may also be of relevance for human trials of new TB
subunit vaccines other than STCF. Fractionation and biochemical characterization
of has led to the identification of a number of antigens with potential for inclusion
in a better definable and standardizable vaceine than STCF itself. Purthermore, one
of the proteins contained in STCF, ESAT-6 a low molecular weight protein, was
identified as a major target of long-lived memory immunity in mice. ESAT-6, in
combination with another M. tuberculosis-derived protein could also be shown to
(i} trigger DTH inducing T cells and (i} in guinea pigs skin test responses were
shown to be quite specific, distinguishing M. tuberculosis infection from M avium
sensitization or BCG infection.

Genetic methods were devised for identifying genes encoding exported proteins
and, more importantly, gencs that are expressed in the infected eukayotic host.
Apart from constituting important new tools in mycobacterial genetics, these
methods have already been used to identify and isolate more than twenty
mycobacterial genes. Using the nucleic acid vaccination approach, a number of
genes were identified that can provide protection against infection against
M. tuberculosis in animal models. It could be shown that the immune reaction
induces a TH1 response and that a single DNA injection can result in long-lasting
protection. Furthermore, nucleic acid vaccines appear to be superior to protein
subunit vaceines in their property of inducing cytotoxic immune responses. Using
single genes protection at best matched that provided by BCG. Therefore,
optimization via gene combinations and improved vaccination protocols/vehicles
are now underway.

3.2.3. Assessment of TB vaccine candidates in animal models

The VRD workmg group on animals models for TB has prepared standard
protocols for testing live and subunit TB vaccine candidates in mouse, gumea pig
and rabbit animal models. These protocols had previously been tested in the
laboratories of the members of this group and had shown high consistency amongst
the participating laboratories. At the same time, a panel of standard TB vaccines
(different BCG strains and short-term culture filtrate) plus a standardized challenge
M. tuberculosis strain have been prepared.

3.2.4. Immunologic markers for vaccine-induced protection against TB

A network of laboratories for the development of immunologic indicators of
protection has been established in countries of high TB endemicity. Five
participating sites have been identified, one each in Brazil, Ethiopia, Malawi,
Morocco and Pakistan. Recruitment of further laboratories/institutions is envisaged.
A standard protocol for a validation exercise, a whole blood assay for the detection
of interferon gamma IFN-y, has been drafted, tested in Uganda and has now been
distributed, together with the necessary antigens and reagents, to the five sites
above.
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Important new insights regarding immuno-suppressive phenomena in TB were
gained in a VRD-funded project. The findings included:

» suppression of cellular proliferative responses in TB patients was restricted to
mycobacterial antigens, while PHA responses were comparable in patients and
healthy controls;

= suppression of cellular responses was pronounced in patients with pulmonary
but not in those with lymph node involvement;

» TGF-P was shown to play a prominent role in suppression of cellular responses;

o demonstration that IgG/IgG1 responses to mycobacterial culture filerate
antigens were restricted to TB patients, while both TB patients and contacts
showed increased IgM responses to the same antigens

3.2.5. Working group on future clinical trials

The working group on future clinical trials has prepared a discussion paper laying
out the pros and cons of post-exposure TB vaccine testing as well as giving some
preliminary ideas on the format of potential clinical trials. Based on the arguments
in this document entitled “Argument for Post-Exposure Vaccination”, the Group
recommended intensified efforts in this direction. This recommendation led to the
establishment of a subgroup, composed of TB epidemiologists and clinical tnal
experts, to imitiate work towards a generic protocol for testing of TB vaccine
candidates in a post-exposure paradigm. This subgroup met for the first time on
22 April 1997 for a consensus-finding session on broad vaccine testing options and
pracrical issues such as target populations, outcome measures, follow-up etc.

3.3. Plan of work for 1996/97

3.3.1. GPV Working Group for the Development of New Tuberculosis
Vaccines

A meeting of the Group is planned in October 1997. The $C secretariat was charged
with investigating the possibility of organizing this meeting in conjunction with the
1997 Conference on Global Lung Health and the Annual Meeting of the
International Union against-Tuberculosis and Lung Disease (IUATLD) in Paris,
France {(1-4 October 1997) in order to raise the awareness of a wider public audience
for the need to develop a new TB vaccine.

3.3.2, Vaccine candidates

The following innovative approaches in this area will receive VRD support for the
funding period 1997/98:

« Rational attenuation and development of selectable markers for M. tuberculosis
vaceine development. This project has two specific aims: (i) the creation of null
mutations in genes that have so far not been considered for rational atrenuation
of mycobacteria, e.g. stress responsc genes and ¢nzymes of the glucose
metabolism and, (ii) the development of selection markers other than anubiotic
resistance.
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* Continuation of a project to identify virulence factors of M. tuberculosis: the
search for virulence genes focuses on (1) comparison between intracellular versus
extracellular (i vitro-cultured or sputum-derived) M. tuberculosis and;
(ii) genotypic identification of other virulence markers, e.g. thcse associated with
bacterial colonization and passage through the lung.

» Conunuauon of a project to overcome impaired T cell reactivity against 85 kDa
antigen by nucleic acid vaccination: tuberculosis patients and HIV-M. tuberculosis
co-infected subjects are known to have depressed reactivity against 85 kDa antigen
of M. tuberculosis. Factors such as age, sex and genetic predisposition also
influence T cell reactivity against this antigen. Analysis - in experimental mouse
models - to which extent low responsiveness to Ag85 can be overcome by DNA
vaccination with plasmids encoding this antigen, is underway.

+ Continuation of a nucleic acid vaccine development project focusing on genes
coding for known antigens: this study had shown previously that-a number of
single antigens, when delivered as plasmuds, induce significant protection against
virulent challenge with M. tuberculosis, but no better than BCG. The objective
15, therefore, to determine whether combinations of different antigens will allow
the increase of protection beyond that afforded by BCG.

3.3.3. Assessment of TB vaccine candidates in animal models

The network of laboratories capable of performing vaccine testing in a standardized
fashion in ammal models will be enlarged. For that purpose, the panel of standard
vaceines and a standard challenge strain will be distributed to laboratories in India,
Russia and the United Kingdom. Using these reagents, the laboratories will perform
“certification” experiments. Depending on the results of these experiments, the
decision about their integration into the network will be taken.

Furthermore, a discussion paper will be prepared on the application of animal
models to test the efficacy of selected vaccine candidates in a subclinical infection,
post-BCG, or post-virulent infection paradigm. If possible, data from such
experiments should be generated. Recommendations will also be made as to the
development of animal models for other disease states, e.g. reactivation disease.

3.3.4. Immunologz'c indicators of protection against TB

Neonatal BCG vaccination offers only a variable and incomplete protection against
tuberculosis. A project addressing this question by comparing the immunogenicity
of neonatal vs. delayed immunization will, therefore, be supported. This study will
be based on the hypothesis that BCG triggers a stronger TH1 response when given
at 2 to 4 months of age than when administered during the first 24 hours after birth.
Whole blood, drawn from vaccinees at several intervals before and after vaccination,
will be stimulated in vitro with a number of mycobacterial antigens. The readout
will consist of IFN-y and IL-4 cytokine determinations as respective prototype
cytokines for TH1 and TH2 cellular immune responses.

Another study in the area of markers of protection will investigate whether the
observed selective expression of mycobacteria-specific IgG1 antibodies in TB
patients is a mere "by-product” of disease or of functional consequence in
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pathogenesis. Factors that will be investigated include uptake of mycobacterial
antgens into macrophages via Fc receptors and cytokine expression in
macrophages.

Standardization and validation of a whole blood IFN-y assay will be performed in a
network of five developing country sites (also see paragraph 3.2.4, above). Protocols
will be developed for the measurement of other parameters that may serve as early
read-outs of protection, such as apoptosis-induction, IFN-y/TNF-a ratio, TGF-B
levels.

3.3.5. Working group on future clinical trials

Work will continue towards a document for clinical testing of TB vaccine
candidates in a post-exposure paradigm, e.g. testing in populations which may have
been exposed to M. tuberculosis, “environmental” mycobacterial or vaccinated with
BCG. Questions such as baseline-data requirements, identification of potential trial
sites/groups, infrastructure needs and DNA fingerprinting will be addressed in that
document.

Views of the Technical Review Group

The TRG commended VRD on taking & global leadership role in designing a co-ordinated
strategic plan for TB vaccine development. It was emphasized that VRD activities had
boosted industriat interest in this area in a significant fashion.

tn particular, the TRG endorsed VRD’s timely efforts to initiate planning of clinical trials
before TB vaccing candidates actually become available, in recognition of the formidable
task of identifying target populations, potentials trials sites as weil as infrastructure and
baseline data needs.
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4. Diarrhoeal disease vaccines

The activities of the Diarrhoeal Diseases SC during the last year were reviewed by the
Chairperson of the SC, Dr P. Sansonetti. The spectrum of pathogens covered by this
SC comprises both bacterial organisms such as Vibrie cholerae, enterotoxic
Escherichia coli (ETEC), Shigella (dysenteriae, flexneri and sonnei) and Salmonella
typhi as well as rotaviruses.

After careful consideration of the current opportunities for moving new vaccines in
the public health armamentarium against disease presenting the greatest burden, the
SC on diarrhoeal disease vaccines in 1996 has selected Shigellz, rotavirus and
enterotoxigenic Escherichia coli (ETEC) vaccine development and evaluation as
having the highest priority

The SC considers that a critical period has been reached on the way to developing
such vaccines. On the one hand, several living and non-living vaccine candidates
have been developed, but on the other, they still require testing in humans. As only
trials evaluating the safety, immunogenicity, transmissibility (for live vaccines), and
protectivity of these vaccine candidates according to the standard phase 1-3
evaluative sequence in humans can validate current approaches, such studies are
crucial for the committee’s research agenda. The committee has therefore confirmed
commitment to support Phase 1-3 vaccine trials and to limit support to the
development of mnew vaccine candidates, unless they represent outstanding
approaches that address critical deficits in existing vaccines.

While recognizing the need to prioritize such clinical evaluation, the committee still
believes that support may be warranted for excellent projects that address
epidemiology, immunological and pathogenic aspects of enteric infections, provided
that such projects are clearly aimed at the development and testing of important
new vaccine strategies against enteric diseases. Particular attention will be paid to
projects on mucosal adjuvants and the standardization of live vectors. The SC has
also emphasized that the disease burden of the major enteric infections should be
reevaluated in order to provide policy makers and manufacturers more accurate and
convincing data.

4.1. Strategic plan and research priorities

Priorities of each of the enteric infections considered have been established as
follows:
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Shigella

» better evaluation of the disease burden — death toll, malnutrition, long-term
complications, infection in elderly people

s establishment of vaccine testing areas, particularly for S. dysenteriae 1 and
S. flexner: 2a

« organization of clinical trials for both non-living and living candidates currently
available for tesung

» definition of immunological correlates for vaccine protection as a component of
such trials

* basic research aimed at identifying the mechanisms of immune protection
against shigellosis, and at characterizing Shigella virulence properties that may
cause adverse clinical reactions to live vaccine candidates.

Rotavirus

Based upon the recent successful trial of the live oral tetravalent rhesus rotavirus
vaceine in Venezuela and submission of this vaccine for licensure in the United
States, research priorities have recently been reviewed to look at 1ssues related ro
vaccine introduction.

Epidemiologic surveillance

e initiate surveillance studies to establish the disease burden of rotavirus in
countries where vaccines are likely to be introduced early or where vaccine trials
are being considered

+ cncourage regional networks of surveillance for rotavirus morbidity and strain
characterization

» develop generic protocols for hospital surveillance, assessment of national
disease burden, and routine surveillance for assessment of vaccine impact
following an intervention with vaccine

e promote cost-effectiveness/cost-benefit studies to assess need for rotavirus
vaccines in a wide diversity of settings.

Field trials of Jennerian vaccines in advanced stages of development

» evaluate and optimize ways to boost the immunogenicity of live oral vaccine
candidates.

+ evaluate the immunogenicity and efficacy of the live reassortant vaceines in at
least one country in Africa and Asia where the vaccines have never been tested

»  assess the immunogenicity of different regimens of administration (e.g. neonatal
dose together with BCG), in tropical settings and in under-developed countries
where rotavirus infects children earlier during the first year of life

* in settings where the current vaccines have fared poorly when given in low dose
(e.g. Brazil, Peru), conduct immunogenicity studies to assess whether vaccine
take can be improved with the higher dose currently recommended

« cxamine whether herd immunity or herd protection can be achieved when
environmental levels of rotavirus are decreased through an active program of
vaccination
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= examine the effectiveness of a rotavirus vaccination program administered as
part of the EPI in decreasing hospitalization for diarrhoea in young children

» evaluate rotavirus vaccines for efficacy I settings where the currem
preparations may be severely challenged by unusual serotypes, high incidence of
other enteric infections, early childhood infections

s encourage further research to correlate immune markers of infection and
protection from disease

s encourage the further testing and expedited evaluation of any new rotavirus
candidates that become available,

Other issnes

Research agendas outlined will need to be developed through a network of partners
that will include other international and donor agencies, industry, governmental aid
groups and foundations. WHO can help provide a guiding role in promoting
protocols to make sure that they meet criteria of scientific excellence through a peer
review process. Funding to the extent necessary will require partners with similar
interests in new vaccines, immumnization, and child survival efforts.

ETEC
= berter definition of the human immune response against ETEC antigens

s definition, development, validation and standardization of immunological
correlates of vaccine protection in human trials

» development and clinical testing of new living and non-living candidates

s increase of the protective coverage of currently available vaccine candidates.

Cholera

» development and testing of formulations of existing new vaccine candidates that
increase the ease of vaccine administration and/or resistance to adverse
environmental conditions

e cvaluation of locally-produced cholera vaccine candidates that offer potential
advantages in term of low costs

* development and testing of bivalent vaccine against O1 and 0139 cholera

o development, standardization and validation of immunological correlates of
vaccine protection, both in human challenge trials and in trials conducted in
areas with endemic cholera.

Typhoid fever
+ clinical evaluation of existing new vaccine candidates

+ development of new parenteral or oral vaccines that can be effective after one
dose and that can be incorporated into the existing EPI schedule of vaccine
delivery

» definition of immunological correlates of vaccine protection
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4.2,  Achievements

4.2 1. Rotavirus

Three animal models had previously been developed under the auspices of the SC:

mouse, rabbit and gnotobiotic piglet. These models were now applied in several

studies to Investigate the protective capacity of several rotaviral antigens as well as

that of new vaccine candidates and/or delivery systems. Results include the

demonstration of the significance in protection of non-structural protein 4 (rabbit)

and of secretory IgA against the VP6 antigen (mouse). Nucleic acid vaccine

candidates, encoding murine VP4, VP6 and VP7 anugens elicited rotavirus-specific

serum antibodies and CTL responses and protected mice against challenge with

homotypic rotavirus. Other projects which made significant progress include the ‘
development of live attenuated rotavirus vaccine via reverse gemetics and the '
development of inexpensive oral vaccines in transgenic plants. Furthermore, sero- '
epidemiclogic studies were initiated, in Mexico and in Bangladesh, in order to
monitor the diversity of rotavirus strains in these settings. Results are expected for
1998.

4.2.2. Shigella

Progress continues in research related to Shigella vaccine development. At the basic
level, the molecular and cellular bases of epithelial cell invasion have continued to be
dissected as well as mechanisms allowing macrophage killing and consequent
induction of intestinal inflammation. In addition, two §. flexner: enterotoxins,
SHET 1 and SHET 2, have been idenufied. These are important components to
consider for the attenuation of virulence in creating non-reactogenic vaccine
candidates. Ongoing work on the basis of natural immumty to shigellosis has
identified LPS epitopes that seem to account for the major part of mucosal, sIgA
protection against Shigella. However, clear-cut measurable correlates of immune
protection are still being sought.

Vaccine development against Shigellz has focused on the creation of subunit
vaccines and of live attenuated vaccines. Promising data has recently been published
about the protective efficacy of a detoxified LPS- protein conjugate parenteral
vaccine against 5. sonnei. When evaluated in a randomized, double-blinded field trial
in Israeli military volunteers, this vaccine conferred 74% protection. Significant .
advances have also been made in the development and evaluation of live attenuated
oral vaccine strains. A deletion mutant of §. flexneri 2a developed at the Institut
Pasteur, has been tested in Phase 1 and 2 studies in North American human
volunteers. After a single oral dose, the threshold for clinically sigmificant
reactogenicity occurred at a dose of 10° cfu of this vaccine; a dose of 10" cfu proved
safe and immunogenic, and this dose conferred 100% protection against severe
shigellosis after an experimental challenge with 5. flexner: 2a. Immune parameters
associated with vaccine protection against diarrhoea included =75/ 10° peripheral
blood lymphocytes IgA antibody-secreting cells to of 5. flexneri 2a LPS in, as well
s 2 >4-fold increase in serum antibodies to of S. flexner: 2a LPS.

WHO/VRD/GEN/97.01 4




4.2.3. ETEC

One vaccine, consisting of a mixture of recombinant cholera toxin B subunit and
formalin-inactivated ETEC whole cells from five different strains, has reached an
advanced stage of development. This vaccine has been administered previously in
one-, two- or three-dose regimens, without induction of significant side-effects, to
approximately over 500 adults and children in Sweden, the United States,
Bangladesh, and Egypt. These studies also demonstrated ASC (antibody-secreting
cell) responses to most vaccine antigens in »70% of vaccinees, and showed that the
frequency and magnitude of ASC responses after two doses of vaccine were similar
to responses seen after naturally oceurring ETEC diarrhoea in Bangladeshi adults.

During the past year, the vaccine has been tested in adults, older school children,
and toddlers in a sertes of studies conducted by the U.5. Naval Medical Research
Unit-3 in Egypt. In addition to being demonstrated to be safe in this population,
two-dose regimens of the vaccine were found to elicit equivalent immune responses,
as measured either by ASC responses or by serum IgG antibody responses. This is
important, since required quantities of blood and technical challenges make
assessment of ASC responses impractical for establishing immunological correlates
of protection in efficacy trials in infants.

4.2.4. Cholera

An open field trial of 4 killed whole cell anti serogroup O1 vaccine (WC) developed
in Vietnam revealed 65% protection against El Tor cholera during an epidemic that
occurred 8-10 months after vaccination among the 130 000 participants in the trial.
Importantly, protection was similar in persons vaccinated 1-5 years of age and in
older age groups. The large-scale, randomized, double-blind, placebo-controlled
Phase 3 field trial of the efficacy of the live oral vaccine in Indonesia has entered the
fourth year of follow-up. This trial, which is addressing the ability of a single oral
dose of the live vaccine to prevent cholera, will be unblinded and analyzed at the
end of 1997.

A bivalent (antt O1 plus anti 0139 serogroups) killed oral cholera vaccine,
produced in Vietnam, has undergone Phase 2 testing in volunteers in Hanor. These
studies demonstrated the vaccine to be safe, and to induce credible (90% in children
aged 1-10 years) vibriocidal seroconversions to the vaccine’s Ol component.
Preliminary analyses of responses to the O139 component have demonstrated
seroconversions in about 60% of vaccinees. Furthermore, two candidate strans are
being considered to stimulate protection against cholera caused by V. cholerac
0139. The first option is a strain which is derived from wild type O139. This strain
has been shown to be well-tolerated, immunogenic and protective in Phase 1 and 2
studies in volunteers. The second, further engineered strain expressing O139 antigen
1s currently under evaluation

4.2.5. Typhoid Fever

Children between 3-19 years of age constitute approximately two-thirds of cases of
typhoid fever in most endemic countries. There are as yet no data to demonstrate
that vaccination of infants will confer protection years later when they reach school
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age. Therefore, a study is currently undertaken in Chile to examine the
simultaneous administration of a typhoid vaccine (purihed Vi polysaccharide) with
measles/mumps/rubella (MMR) vaceine at 12 months of age. All study participants
have been recruited and the second doses of the immunization regimen has been
administered. Base-line blood specimens were obtained from all infants and from
children of 36-47 months of age. Four weeks after the first immunization specimens
were collected from infants and pre-school age children, respectively. The plan for
this year includes: (i) quantitation of Vi IgG anubodies in baseline and + 4 week
sera; (i) neutralization assays for measles mumps and rubelia (iii) collection of
follow-up blood specimens and (iv) quantitation of Vi IgG antibodies in follow up
sera. Results are expected in January 1998.

4.3. Plan of work for 1997/1998

4.3,1. Rotavirus

Although rotavirus vaccine will be introduced in the USA and in Europe in the
1997-1998, there are only few data addressing the performance of any rotavirus
vaccine in developing countries where the need is greatest. There are, therefore,
needs:

e for increased surveillance for rotavirus diarrhoea in developing countries, arising
from differences in the age - and season-specific incidence of rotavirus diarrhoea
berween developing vs. developed country settings, as well as the greater
occurrence in developing countries of mixed infections and rotavirus infections
due to G- and P-types not included vaccines currently under development and
evaluation.

+ for further testing of rotavirus vaccines in developing country settings, in view
of repeated past observations that live oral rotavirus vaccines appear to be less
protective in developing country settings than in industrialized settings.

e 1o study the suitability of the RRV-tetravalent (RRV-TV) vaccine for use in EPI
programmes in developing countries. Such studies should provide informatton
about the costs and cost-effectiveness of vaecination in EPl programmes,
vaceine stability under field conditions, requirements for maintaining an
adequate cold chain, and alternative formulations for administration in bulk.

The SC plans to evaluate the above questions in a number of studies in different
developing country settings. A comparison of immunogenicity of RRV-TV given at
birth, at EPY vaccine contacts and both at birth and at EPI contatcts will be
performed in India. Other immunogenicity studies will be performed in
Bangladesh, Brazil and Guinea-Bissau. Surveillance studies are planned in an
African country-network. Finally, an effectiveness trial of RRV-TV is planned in
Venezuela.

4.3.2. Shigella

§C602, 2 deletion mutant of S. flexneri 2a developed at the Institut Pasteur, has been
tested in Phase 1 and 2 studies in North American human volunteers and was
shown to have a safe therapeutic dosage window (also see paragraph 4.2.2.), Over
the coming year, the SC will develop 2 field site in Vietnam for evaluating this
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vaceine phase 11 and phase II studies in a dcveloping country location. Also, studies
of this vaccine in North American outpatients are envisaged. Furthermore, a
number of other studies will be initiated or continued: -

* cvaluation of murations cansing atoxic lipid A in attenuation of the
inflammatory potential of Shigella live vaccine candldates,

» study of the humoral and cellular immune response in shxgelioms and evaluatmn
of correlates of immunity;

* evaluation of immunogenicity and adjuvant properties of a mutant ETEC-
derived heat-labile toxid in a §. flexneri 2a vaccine cand;tdate,

o study of apoprosis and invasion in Shigella infections.
4.3.3. ETEC

Efficacy trials of oral inactivated ETEC vaccine in infants are planned for the spring
of 1998 in Lower Egypt. In addition, efficacy trials are being planned among
tourists travelling from Europe to Asm Africa and Latin America, as well as among
Israeli military recruits. :

Work will continue to develop a mutant version of ETEC LT that can be given as an
adjuvant with killed oral vaccines, such as the killed cholera and ETEC vaccines
described above. Although animal data on this adjuvant are encouraglng, no human
data are yet availability to judge the suitability of this approach.

4.3.4. Cholera

A bivalent, killed oral cholera vaccine, produced in Vietnam, has previously
undergone Phase 2 testing in volunteers in Fanoi. These studies demonstrated the
vaceine to be safe, and to induce credible seroconversions to the vaccine's Ol
component. A field trial of the effectiveness of this bivalent vaccine in ca. 300 000
volunteers in Vietnam is currently in progress.

The SC has reviewed the choice of V. cholerae O1 and 0139 challenge strains to be
used in the evaluation of vaccines at the Mahidol University Vaccine Testing Unit
(Bangkok, Thailand). A previous 0139 test strain had caused a meagre rate of
diarrhoea in challenged volunteers. The SC recommended that frozen strains from
standardized NIH seed lots be used in all subsequent volunteer studies. A dose-
escalation study with the NIH O139 strain reference will be undertaken at the end
of this year.

4.3.5. Typhoid Fever

Collapse of health and sanitary infrastructure, due to warfare or natural
catastrophes, routinely leads to outbreak of - frequently multiply antibiotic resistant
- Salmonella typhi epidemics. For this reason, there is great interest in the use of
typhoid vaccines in such settings. A head-to-head comparison of the protective
efficacy of Vi vaccine vs. Ty21a in schools randomized to one of the two vaccines,
for example, will be very helpful in making recommendations about the future use
of these vaccines in countries severely affected by typhoid. Such a trial is, therefore,
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planned in Tadjikistan, which is currently plagued by a typhoid epidemic, or
another country experiencing a typhoid outbreak.

Views of the Technical Review Group

The TRG endorsed the general strategy defined by the Steering Committee on DDV to
facilitate the movement of valuable new vaccines into the public health armentarium
against diseases presenting the greatest burden.

Rotavirus, Shigefla, typhoid fever and enterotoxinogenic E. cofi (ETEC) vaccine
development and evaluation have been endorsed by TRG as having the highest priority.
It was also considered important to support studies on evaluation of disease burden and
phase o 1} vaccines trials.
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5. Meningococcal and
pneumococcal disease vaccines

Dr B. Greenwood, chairman of the SC on meningitis and pneumonia, reported on
the activities and progress of work during the past year, and presented the SC
priorities and portfolio of planned activities for the coming year.

The SC targets its activities on pathogens which cause a high proportion of the two
- clinical symptom complexes pneumonia and meningitis:

The main cause of pneumonia is Streprococcus(S.) preumonie, which accounts for
about 70% of all cases of pneumonia, causing 20-25% of total mortality of children
under the age of five years in developing countries. Although 90 serotypes have
been identified, seven of them account for 50-80% of invasive pediatric isolates. The
urge for developing a pneumococcal vaccine is underlined by the rapid spread of
drug resistance in the pneumococeus. Another 20% of cases of pneumonia are due
to Haemophilus influenzz type B (HiB) infection.

Acute bacterial meningitis in children is mainly caused by $. preumonie, by Hib
and various strains of meningococci, of which the most common are the serogroups
AB and C. Neisseria (N.) meningitidis group A is the cause of devastating epidemics
in sub-Saharan Africa, as occurred in 1996. Case fatality rates can reach 10-20%.
Currently available carbohydrate vaccines for serotypes A and C are not effective in
infants less than two years of age. The goal is thus to develop a conjugate vaccine,
which should be immunogenic also in this age group. The importance of developing
bivalent A/C conjugates was reiterated.

Serogroup B meningococci are the cause of about 50% of endemic meningococéal
meningitis throughout the world, Group B carbohydrates are poorly antigenic and,
in addition, elicit antibodies crossreactive to human neural glycoproteins. Therefore,
vaccine development currently focusses on the bacterial outer membrane protein

(OMP).

With the programmatic introduction of conjugated HiB-vaccines in industrialized
countries, HiB disease has virtually disappeared from these regions. Although the
potential for eliminating the disease in developing countries has well been
documented, implementation of the vaccine has been slow, mainly due to the high
cost of the products. Innovative cost-cutting approaches are thus urgently required,
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5.1. Strategic plan and research priorities

» Field trials of newly developed conjugate vaccines for meningitis caused by
N. meningitidis A/C.

¢ Trials of newly developed conjugate vaccines for pneumonia and meningitis
caused by § preumonie.

» Development of candidate vaccines against meningitis due to N. meninigitidis B,

¢ Development of innovative epidemiological studies for invasive disease due to
encapsulated bacteria, and integration of these approaches into vaccine trials

» Development of immunological assays as indicators for protective immunity.

* Studies to improve understanding the relationship between the immunogenicity
of conjugated vaccines their physico-chemical characteristics.

* Studies into meningocococcal and pneumococcal disease prevention through
common protein antigen vaceines (¢.g., pneumolysin).

» Fostering of research into the development and formulation of less expensive
vaccines against encapsulated bacteria, with emphasis on HiB vaccines.

» Research on maternal immunization as a means for preventing neonaral disease
due to encapsulated bacteria.

s Selected research in relation to existing polysaccharide vaccines against
encapsulated bacteria.

5.2. Achievements

5.2.1. Neisseria meningitidis serogroups A/C

Important studies have been conducted by the Niger Collaborative Group over the
past year. A dose-ranging study of a Pasteur-Mérieux-Connaught (PMC)
meningococcal A/C  polysaccharide-diphtheria toxoid conjugate vaccine was
completed in 180 children imumunized at 6, 10 and 14 weeks of age in conjunction
with routine EPI vaccines in Niamey, Niger. Control groups recerved
polysaccharide vaccine of HiB conjugate vaccine. The meningococcal vaccine
proved to be safe and immunogenic.

Results have become available on booster studies conducted in The Gambia,
Children were immunized in infancy with either a new generation
SCLAVO/CHIRON men A/C CRM197 conjugate or with an A/C polysaccharide
vaccine, and boosted with polysaccharide vaccine at the age of two years. Good
responses were observed to group A, but not to group C antigen. There were
indications that children in the control group (those who initally got the
polysaccharide vaccine) had become tolerant to group C boosting. Follow-up will
be continued.

5.2.2. Neisseria meningitidis serogroup B

The most common strategy in vaccine development against this serogroup uses
protein antigens. In Norway, a vaccine consisting of Outer Membrane Vesicles
(OMV) gave about 60% protection after administration of two doses. However,
protection appears to be only short-lasting. The duration of protection was further
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assessed in a2 WHO-sponsored trial in Iceland, where adolescents were given two-
or three-dose immunizations of the Norwegian or the Cuban vaccine. After one
year, titers where determined by the Serum Bactericidal Assay (SBA), which
revealed a significantly better performance after three doses in both vaccine groups.
Epidemiological efficacy data suggest furthermore that SBA may underestimate
protective efficacy. Other trials with the Norwegian and Cuban OMV vaccine have
been conducted in Chile with support from PAHO, and in collaboration with CDC
and WHO, '

An approach has recently been put forward to tailor OMV vaccines to the optimal
group B sub-serotype by means of recombinant DNA technology. An OMV
preparation from two “trivalent” meningococcal strains, ¢ach constructed to express
three different class3/PorA proteins, tested in children in the United Kingdom for
immunogenicity, however, only showed moderate performance. Other OMV
preparations, made according to this technology, will be tested. |

5.2.3. Streptococcus pneumonic

Phase 111 clinical trials of pneumococcal conjugate vaccines are planned or are
already underway both in developed and developing countries. All major companies
involved have shown interest or have already made commitments to support
phase III trials in developing countries. WHO will be represented on the advisory
committees of these vaceine trials. Following the HiB-conjugate vaceine example, it
is expected that the vaccine will prove to be efficacious and effective. However, cost
of the vaccine and limited number of serotypes included may be substantial
shortcomings of these new vaccine types. Therefore, WHO is pursuing alternative
approaches, such as common protein vaccines.

Immunization with inactivated pneumolysin, a potent thio-activated cytolysin
produced by virtually all clinical isolates of §. pneumonia, readily protects mice
against S. pnewmonie challenge. Recombinant pneumolysin toxoid has been
generated by site-directed mutagenesis. Scale-up of toxoid production has been
carried out at RIVM (Bilthoven, The Netherlands) and phase I clinical studies will
be commenced in due course, Similarly, recombinant pneumococcal surface protein
A (PspA) produced in E.coli is in clinical development by PMC and phase I clinical
studies have been launched.

5.2.4. Haemophilus influenze type B

Results from a pilot study conducted in Niamey, Niger on different schedules of
HiB polyribosyl ribitol phosphate- tetanus toxoid (PRP-T) vaccine application have
become available. It showed that a regimen where the vaccine was administered
with the second and third dose DTP (10 and 14 weeks) produced similar response at
18 weeks and nine months as a regimen where HiB vaceine was administered at 6,
10 and 14 weeks. In this study maternal anti-tetanus levels did not interfere with the
response to PRP-T, as measured by RIA.
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5.3. Plan of work for 1997/1998
5.3.1. Neisseria meningitidis serogroups A/C

Building on the Pasteur-Mérieux-Connaught meningococcal A/C polysaccharide-
diphtheria toxoid conjugate vaccine pilot study in Niamey, Niger, an expanded
phase II clinical study will be conducted at the same site. Over 600 children will be
enrolled into six different dosage groups, and end points of the study will include
safety, immunogenicity and effect on nasopharyngeal carriage. A booster
immunization with polysaccharide vaccine will be given at the age of 24 months.

5.3.2. Neisseria meningitidis serogroup B

A meeting will be conducted jointly with the 8C on New Vaccination Approaches
on safety issues relating to group B meningococcal vaccines. Studies on the
development of protein-based vaccines, and the improvement of assays to measure
correlates of protective immunity will be supported.

Immunogenicity of intranasal group B meningococcal OMV vaccines will be
assessed, as well as the potential of the infant rat model as an assay of protective
immunity against group B meningococcus. New candidates for the development of
protein-based vaccines are superoxide dismutase, transferrin binding protein 2, and
a bactenial adhesin.

5.3.3. Streptococcus pnewmoniz

Support for phase 111 trials with conjugate vaccines will continue. VRD staff is and
will be involved in the design of several trials, and will serve on steering commuttees.
These trials are also likely to yield population-based disease-burden data, by
measuring the impact of the vaccine on the incidence of pneumonia.

A study on inter-laborarory diagnosis of pneumococeal serotyping will be launched
in view of setting up a quality control programme for serotyping. The goal is to
achieve standardization of pneumococcal typing.

A workshop on practical aspects on maternal and neonatal immunization will be
held during the coming year. The workshop will cover pneumococcal and
meningococcal disease. Approaches to be discussed are the vaccination of
schoolgirls and pregnant women with polysaccharide or conjugate vaccines, as well
as prospects for neonatal immunization,

New projects will address the effects of a conjugate vaccine on nasopharyngeal
carriage in Fillipino children. Another study will assess the correlation of serum and
sahvary antibody levels including their subclass and avidity with suscepnbﬂny to
otitis media and nasopharyngeal carriage. In terms of common protein vaccines,
studies in animal models on the protective effects of combinations of pneumococcal
proteins, pneumolysin, PspA and 37kDa antigen will be supported. Studies on
recombinant pneumolysoid will enter phases of GMP production and phase I and I1
clinical testing.
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Studies on the natural development of pneumococcal antibodies in serum and saliva
in relation to carriage and disease, and on the potential of using nasopharyngeal
carriage as an endpoint in measuring the efficacy of vaccines.

5.3.4. Haemophilus influenze type B

With disease-burden studies conducted by the SC on Epidemiology and Field
Research, activities will focus on reducing the cost of the vaccine. The development
of a synthetic HiB conjugate vaccine comprising PRP linked to a tetanus toxoid
peptide will be supported.

Views of the Technical Review Group

The importance of analyzing the epidemiology of pneumococcus serotypes in certain
regions and population groups was discussed. In pediatric isolates, e.g., & high
prevalence of serotypes 6a and 19a has been found, which are currently not included in
the 9-valent conjugate vaccine candidates. Also serotype 2 has recently been identified
as a major pathogen in infant invasive disease. Only 50% of pneumococcus infections
oceurring within the first three months of life would be covered by current 9- and 11-
valent vaccine formulations. A mare rational approach to the development of a future
common protein pneumococcal vaccine is expected with the completion of the
PNeumococcus genome sequencing.

The TRG reiterated the need to develop conjugate vaccines, as the carbohydrate
vaccines, even after repeated immunization, only induce short-term immunity. In this
context the TRG underlined that there is a substantial lack in understanding the
immunology of carbohydrate antigens.
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6. Dengue and
Japanese encephalitis

Dr T.P. Monath, chairman of the 5C on dengue and Japanese encephalitis reported
on the activities and progress of the SC during the past year and discussed the SC
priorities for future work.

Each year, an estimate of 50 - 100 million cases of dengue fever occur throughout
the world, depending on epidemic activity. Dengue haemorrhagic fever (DHF) 1s a
leading cause of hospitalization of children in many tropical countries, with 500 000
hospitalized cases per year, and 90% of them being children under the age of 15.
Case fatality rate can be up to 5%. Correspondingly, dengue prevention and control
were recognized as a priority in World Health Assembly resolution WHA46.31
(1993).

Multple outbreaks of DHF have been reported during 1996, and increases in
dengue transmission have been observed in rapidly expanding urban settings and
other conditions that favour high vector (Ae. aegypti) densities. Today, 2.5 billion
people inhabit dengue-endemic areas. As no drug treatment is available and vector
control proves to be notoriously difficult, an effective vaceine 1s highly desirable.

The product profile of a dengue vaccine should ideally have the following features:

s prevent dengue fever and DHEF in infants, children and adults
s be tetravalent to protect against dengue viruses 1 - 4

» induce a long-lasting immune response which does not lead to disease
enhancement or atypical disease

s+ be safe, also in immuno-compromized individuals

» be operationally compatible with EPI immunization schedules

Japanese encephalitis (JE) is endemic in many parts of South-East Asia and the
Pacific Region, covering an area of about 3 billion inbabitants. Over 35 000 cases
and 10 000 fatalities are reported per year, but true numbers are assumed to be
substantially higher. Up to 30% of the survivors experience neurological sequelac.
Disease epidemics are recurrently observed during summertime. Being mosquito-
borne and having an enzootic cycle including pigs and aquatic birds, the disease is
not eradicable.

Besides vector control, immunization has proven to be an effective means to control
the disease. A mouse-brain derived inactivated vaccine has been used successfully in
Japan, and a more recently developed live vaccine, produced in hamster kidney cells
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in China, has led to a reduction of disease incidence in this country. However, both
vaccines are currently not available for a jlargemscﬂe disease control and elimination
strategies,

6.1. Strategic pl}m‘ and research priorities

Overall objective

» The development of safe, effective and inexpensive vaccines for dengue and
Japanese encephalitis

Research priorities

The highest priority 1s:

» Development of candidate DEN and JE vaccines with the prospect for rapid and
early integration into clinical testing

Strategies are:

e Identification of virulence determinants and protective epitopes

+ Infectious clone technology for definition of virulence genes and construction of
attenuated mutants, deletants, and chimeric viruses

¢ Life vectors of protective DEN and JE antigens

» Subviral particles and recombinant soluble subunit proteins
v Preclinical evaluation in relevant animal models

» Clinical evaluation of vaccine candidates

» Optimization of existing formulations and manufacturing conditions,
development of novel delivery methods including recombinant vaccines

« Diagnostic reagents and tests for standardized assays

6.2. Achievements

6.2.1. Dengue

Vaccine candidates
Live attenuared tetravalent vaccine

Through empirical serial passage of DEN 1, 2, 3 and 4 with selection of viruses
having attenuation phenotype, a life attenuated tetravalent dengue vaccine was
developed at Mahidol University, Thailand. After protection studies in monkey
models, pilot scale GMP production was set up and phase I/11 clinical trials were
conducted, demonstrating seroconversion and minimal reactogenicity. Phase I
safety and dose-finding clinical trials with mono- and tetravalent vaccines indicating
some increased reactogenicity of the tetravalent vaccine.

Recombinant subunit and DNA vaccines

Soluble translational fusion proteins of DEN 1-4 truncated E protein has been
expressed in baculo-systemn. The product elicits neutralizing antibodies in mice,
which confer protection against virus challenge. Alum-precipitated protein yields
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partial protection in non-human primates, and other adjuvants are under
investigation. Preclinical studies with plasmid DNA employing gene gun
technology are underway.

Infectious clone technology

Chimeric dengue 4 viruses with components of dengue 1, 2 or 3 serotypes were
developed, which proved to be protective in the monkey model. The development
of an infectious clone derived yellow fever 17 DD vaccine sets the precedent for
other flavivirus infectious clone derived vaccines and establishes the regulatory
guidelines. A new clone, YFiv5.2/DD was generated to reduce neurovirulence of
previous candidates, testing in monkeys will be done in due course.

Related activities

Work on the development of draft requirements for live-attenvated tetravalent
vaceines has been continued but needs further technical review. A commissioned
project is in progress to develop a standardized neutralization test for dengue virus
to be used for clinical evaluation of dengue candidate vaccines.

Epidemiological surveillance and assessment of disease-burden

Jointly for DHF and JE disease surveillance has been initiated to mmprove disease-
burden estimates and to identify areas where future vaccine trials could be carried
out. An external grant to fund a JE and DHF surveillance project was made
available in 1996 and the SC commissioned the work in Cambodia through a
collaboration berween US-AFRIMS and the Cambodian Ministry of Health. DHF
is already a nationally reportable disease, but reporting is based on clinical features
only, therefore, efforts will be made to establish a local laboratory capacity for
dengue diagnosis. Some other sites are currently under assessment for establishment
of epidemiological surveillance.

6.2.2. Japanese encephalitis

Vaccine candidates

A intratypic YF17D/JE chimeric infectious clone incorporating the prM/E region of
JEV has been successfully constructed. Mouse studies indicate an excellent
attenuation profile combined with high antigenicity. Replication rates appear
acceptable for live vaccine manufacturing. Genetic stability, immunogenicity and
safety in monkeys awaits analysis.

Plasmid vectors containing prM/E, E, NS1 and NS3 genes have been constructed
and have been shown to elicit HI and neutralizing antibodies in mice, when
delivered on gold particles.

Control activities and epidemiological studies

Recently, a discussion on a major JE elimination initiative has been launched, as
substantial funds may become available for this project. The strategy is not yet
defined, and a tentative masterplan is currently being set up with collaboration of

the SC under guidance of Dr T. Tsai.
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In conjunction with the above-mentioned epidemiological studies in DHF and as an
important basis for JE vaccine development and control activities, major efforts
have been undertaken to improve epidemiological surveillance of JE. Work was
commissioned as a collaboration between AFRIMS and the Cambodian Ministry of

Health, where a pilot study had shown that 82% of cases of viral encephalitis were
due to JE.

6.3. Plan of work for 1997/1998
6.3.1. Dengue

Assist in quality control and clinical evaluation of life attenuated tetravalent vaccine
including the preparation of draft requirements for this vaccine. Develop a
standardized neutralization test for dengue virus to be used by the laboratories
participating in the evaluation of vaccine immunogenicity.

A dengue challenge model needs to be developed and subsequently challenge trials
_to be conducted. Further efforts will be made in assessing the genetic stability of the

vaccine, to assess the duration of immunity and to define immune indicators of

protection. '

The infectious clone derived YF 17D vaccine (Fundagao Oswaldo Cruz, Brazil) will
further be tested for neurovirulence, immunogenicity and genetic stability in mouse
and monkey models. Clinical studies are envisaged for 1998. As this will be the first
infectious clone derived vaccine candidate, it will set important regulatory
precedents for DE, JE and other flavivirus infectious clone derived vaccine
candidates. '

6.3.2. Japanese encephalitis

The preclinical evaluation of chimeric YF/JE candidate vaccines in animal models
will be continued. A project on the assessment of defective JE viruses with abortive
replication as candidate vaceines will be supported.

Epidemiological surveillance of JE will be set up in Cambodia. It is envisaged (i) to
establish national surveillance of viral encephalitis using 2 standard case definition,
(i} to establish a system for specimen collection and referral for laboratory
diagnosis of JE and dengue, and (iii) to set up local capacity for laboratory diagnosis
at the National Institute for Public Health. Specimen collection should be linked to
a cold chain to allow investigation of encephalitts outbreaks of non-JE etiology, as it
was observed over the past year,

In conjunction with the Fourth Asia-Pacific Congress on Medical Virology, a
meeting will be held on “New vaccines against JE”. The agenda of this meeting will
reflect the recently launched discussion on the elimination of JE. Special attention
will be given to the live-attenuated SA14-14-2 vaccine, which has been developed
and successfully implemented in China. This vaccine, however, does currently not
meet international standards, would require adaptation to a new cell culture
substrate, or certification of its current substrate. Attention will also be given to
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newly developed cell culture-derived inactivated vaccines, as well as to veterinary
vaceines.

Views of the Technical Review Groop

The general strategy adapted by the SC to aceelerate the development of DE and JE
vaccines was endorsed by the TRG. To better understand reactogenicity and potential
immuno-pathology, it was considered important to introduce intermediate steps while
moving from mono- to tetravalent dengue vaccines. Discussion on the live-attenuated
Chinese JE vaccine highlighted the importance of moving into a diversification of cell
culture substrates.
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7. Measles, acute respiratory
virus and poliomyelitis vaccines

The newly-elected chairman of the SC, Dr Peter Wright, presented the work
progress of the Committee achieved over the past year, and discussed his plans of
how to restructure the group and its planned activities in order to meet future
challenges.

This SC is in a special position of conducting research and development in areas
where vaccines are already available, and where indeed two diseases are targeted for
eradication (polio) or elimination (measles). The $C activities thus should follow the
interests of EPI in new tools to reach global control and elimination of these two
diseases.

Measles vaccine is a life, attenuated vaccine that is administered to children at the
age of nine months or later. Earlier immunization is done in outbreak situations, but
the immune response is supposed to interfere with maternal antibodies. Therefore,
there is a time window in early life where children may be susceptible to measles
infection. Another impediment to measles control is the formulation of the vaccine,
which needs to be reconstituted before use, with the risk of contamination or
declining potency due to inappropriate storage. Alternative formulations and routes
of administration need careful consideration. Improved diagnostic tools would be
an important operational contribution to measles elimination campaigns.

Polio eradication is progressing rapidly. It has been eradicated throughout the
western hemisphere but the virus is still circulating in other regions of the world.
Momentum has to be maintained in areas where polio has been successfully
eradicated, and even needs to be increased where the disease is still occurring.

Respiratory syncytial virus (RSV) infection can lead to the severe pulmonary
diseases pneumonia and bronchiolitis, and has been identified as a major cause of
childhood as well as elderly morbidity and mortality (20-25% of cases of
pneumonia and 40-45% of cases of bronchiolitis in children hospitalized for lower
respiratory infection (LRI) are due 1o RSV infection). The limited epidemiological
data from developing countries suggest an even higher incidence and severity of
disease than in industrialized countries. RSV wvaccines are currently under
development by several commercial manufacturers and have entered carly clinical
evaluation.

In line with this, the strategic plan for measles has been revised order to meet EPI's
needs for disease elimination.
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7.1.  Strategic plan and research priorities

7.1.1. Strategic plan for accelerated control and elimination of measles

Overall objectives

Support research that contributes to the goal of measles elimination

Utilize unique understanding of measles replication. Pathogenesis and
epidemiology to develop new rools in relation to objective 1

Research priorities

Charactenize the immunobiology of measles virus infection and immunization.

~ Identify the protective immune responses, including the study of humoral
cell-mediated immunity and animals and man. Identify the protective B- and

— Develop amimal models to study the molecular pathogenesis,
immunobiology and immunopathology of measles virus infection; assess
safety, immunogenicity and efficacy of measles vaccines; understand atypical
disease resulting from measles infection after immunization with inactivated
vaccine.

Develop the technology for monophasic measles vaccine delivery as a liquid,
powder, capsule or tablet.

Apply infectious clone technology of measles virus rescue to study wviral
pathogenesis

Specific issues concerning measles eradication

Develop simple tests for rapid diagnosis of measles infection, and implement
laboratory tests for confirmation

Create a system for the molecular typing of measles virus 1solates which may
distinguish viruses from different geographic areas.

Explore alternative routes of immunization with existing, improved and new
vaccines, including mucosal routes.

Explore the potential of existing and new devices for safe administration of
measles vaccines including dry powder jet gun technology.

Monitor implications of studies on measles epidemiology for disease control and
elimination

Periodically evaluate costs and benefits of alternative approaches for measles
vaccination

7.1.2. Strategic plan for control of RSV and parainfluenza virus type 3

Accelerate the development and assessment of RSV vaccines that against disease
caused by RSV and parainfluenza virus type 3 (PIV3)

Better define the epidemiology and impact of acute respiratory disease in
infancy and carly childhood due to RSV and PIV3 in developing country
settings

Characterize the immunobiology of RSV and PIV3 infection
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7.1.3. Strategic plan for accelerated poliomyelitis eradication

In light of the excellent progress in global control of poliomyelitis and the disease
eradication goal by the vyear 2000, the following support measures are
recommended:

+ Introduce new or improved methods for identifying wild-type poliovirus and
determining infection with poliovirus including: (i) PCR technology and
Nucleic acid hybridization for identifying wild-type poliovirus in clinical
specimen and environmental samples, (i1} restriction fragment length
polymorphism, (iii) the use of mouse cell lines expressing the human poliovirus
receptor, and (iv) the use of Sabin-specific monoclonal antibodies for rapid
identification of Sabin-related poliovirus by neutralization

» Evaluate transgenic mice as an animal model for neurovirulence test of oral
poliomyelitis vaccine.

7.2. Achievements

7.2.1. Measles

Vaccine candidates and animal models

The Cynomolgus monkey model of measles has been established by the Erasmus
University, Rotterdam, and the National Institute for Public Health and
Environmental Protection, Bilthoven, The Netherlands. This model has been
successfully used to study measles infection pathogenesis and evaluate new measles
candidate vaccines. Vaccinia and avipox recombinant viruses and immune
stimulating complexes (ISCOM) expressing F and H glycoproteins of MV were
assessed in the monkey model, showing that MV-ISCOM subunit vaccines were
most effective in the presence of specific antibody. The model also serves to study
atypical measles. Another important issue to be studied in the monkey model will
be the evaluation of new formulations of current vaccines that will not require
injection. Previous experience in this model with mucosal application of measles
viruses forms an excellent basis for these studies.

The project to develop and produce an oral measles vaccine is in progress in the
State Center of Virology and Biotechnology “Vector” in the Novosibirsk region of
Russia. Studies are based on the L-16 strain, and the vaccine will be administered
either by tablet or capsule. Four batches will be tested in monkey models following
an established WHO protocol.

Immunobiology

Continued advances have been made in understanding the immunobiology of
measles. It was shown that there are no considerable differences between the
immune responses of children against natural MV infection or measles vaccination;
however, considerable differences were found between ethic groups. Furthermore,
the SCID model was successfully established to differentiate between wild and
vaccine strains of MV. Genetic studies on the antigenic variability of wild-type
measles viruses were conducted, and the sequencing of the wild (Edmonston) and
vaccine (Schwarz) strains was completed.
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Vaccine delivery

An WHO consultation on alternative routes for administration of measles vaccines
was held in Geneva on 25-26 March 1997 to evaluate approaches for the
development of non-injectable vaccines. In the short-term, new routes of
admimistration for existing vaccines appear to be the most feasible, but even this has
regulatory implicattons. In the medium-term, new formulations, such as dry-
powder vaccines for use in jet-guns appear attractive. Promising preliminary results
were reported from a trial of aerosol measles vaccine in South Africa. However,
these data also suggest that important differences exist between Edmonston and
Schwarz vaceine strains. It was recommended to await the full results from South
Africa and to conduet a comprehensive review on regulatory and safety issues.

Diagnostic tests

Progress has been made in developing a simple and rapid diagnostic test for MV
IgM. Three companies are currently developing tests, or improving their already
existing prototype diagnostic tests. Improvements have been made in reducing non-
specific reactivity. One test has been evaluated by three WHO reference
laboratories, and some further refinements are currently made.

Measles epidemiology

Since the introduction of vaccines in the epidemiology of measles has changed
considerably, leading to (i) an overall decrease in measles incidence, (i1} a
lengthening of the intervals between outbreaks, (ii1) an increasing proportion of

cases occurs in older age groups, and (iv) the proportion of cases in vaccinated
children increases. With less exposure to measles virus, levels of measles antibody
may fall more rapidly in vaccinees, eventually necessitating new immunization
schemes. Preliminary studies in Bissau indicate that a two-dose strategy at six and
nine months of age may provide seroconversion as high as 98%.

7.2.2. Respiratory syncytial virus and parainfluenza virus type I1I

Vaccine candidates

The SC has been coordinating the activitles in the development of new candidate
vaccines through research meetings, workshops and individual consultations. A
WHO-U S.-National Institute of Allergy and Infectious Diseases (NIAID) meeting
on RSV and PIV3 vaccines was held on 30 September - 1 October in Bethesda, MD
USA). Two life-attenuated PIV3 vaccines and a cold-adapted human PIV3 candidate
have passed phase I clinical testing. Similarly a live-attenuated, cold-passaged,
temperature sensitive ts mutant of human RSV subgroup A has been successfully
tested in seromegative humans (phase 1). By means of reverse genetic, infectious
clone technology has made important advances, allowing infectious recombinant
RSV and other paramyxoviruses to be generated.

Reagent banks

The reagent bank for RSV and PIV3 have been maintained and some additional
antigens added to the collection. The following reagents are available upon request:
standardized antisera, monoclonal antibodies, virus strains, vaccinia-MV
recombinants, purified F and G (serogroup A and B) glycoproteins of RSV.
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7.2.3. Poliomyelitis

Neurovirulence testing

With support was provided by the Japanese Government, a WHO collaborative
study was initiated 1993 with the objective of evaluating transgenic mice as potential
models for OPV virulence resting. The second stage of this study is in progress. In
1996-1997 the study focused on testing transgenic mice with type 3 OPV, which is
relatively unstable and thus provides problems in gquality control. It could be shown
that the neurovirulence test using TgPVR21 mice is at least as sensitive as the
monkey test for OPV 3. Reproducibility was excellent. Current studies assess this
model for safety testing of type 2 OPV.

Diagnostics
The development of tests for detection of wild-type poliovirus is in progress. This
initiative, supported by Rotary International, aims at optimizing procedures for
wildtype poliovirus isolation and identification from clinical and environmental
specimen. A total of five different approaches for intratypic differentiation of virus
isolates have been assessed, which include restriction fragment length
polymorphism, RNA probe hybridization analysis, and the use of the L20B mouse
cell line, expressing the human poliovirus receptor. Particularly the latter method,
developed by NIBSC in the United Kingdom, has yielded very promising results
and has been submitted for field trials in five laboratories.

7.3. Plan of work for 1997/1998
7.3.1. Measles

Animal models and vaccine candidates

Measles candidate vaccines for oral administration and jet gun delivery will be tested
in animals, including the Cynomolgus monkey model, in order to obtain
information on safety and protective efficacy. In addition, dry powder formulations
will be investigated for aerosol delivery. A comprehensive review on regulatory and
safety issues relating to alternative routes of measles vaccine administration will be
conducted.

Diagnostics

Laboratory studies on the development of simple diagnostic tests for measles will be
continued. Support will be given for the setup of a rapid immunochromatographic
test for the detection of measles IgM antibodies. Candidate tests will be evaluated
by WHO reference laboratories,

Immunobiology and molecular epidemiology

Support will be given for the molecular characterization of measles virus-induced
immunosuppression, for the study of the role of blood dendritic cells in MV-
induced immune activation, and for the characterization of determinants of MV
virulence. In a molecular-epidemiological study, the characterization of the geneuc
and antigenic properties of wild-type MV isolates will be continued.
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Specific issues relating measles elimination

Further define the overall impact of measles prevention and the role measles mass
vaccination may play in overall child health independent of the specific prevention
of measles.

7.3.2. RSV and PIV3

In conjunction with the Steering Committee on Epidemiology and Field Research
support studies on the epidemiology of severe RSV infection. Continue to support

the reagent bank for RSV and PIV3.
7.3.3. Polio

Field trial of new laboratory methods for concentration and purification of virus
from various samples will be launched, using mouse cells L20B expressing the
human poliovirus receptor. Other methods for the detection of wild-type poliovirus
from clinical and environmental samples will be refined, which include the
development of a probe for a hybndization kit, and the setup of a restriction
fragment length polymorphism (RFLP) test kit,

The second stage of the WHO collaborative study to evaluate Tg21 transgenic mice
as an animal model for neurovirulence testing will be completed, which will focus
on safety tasting of type 2 OPV. A meeting to be held in September 1997 will decide
on the acceptability of the transgenic mouse model as a surrogate for monkey
neurovirulence testing in clinical lots of polio.
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8. Progress towards measles
elimination

Dr J.-M. Olivé reported on the current situation of measles control. Of the one
million deaths due to measles infection, 50% are occurring in Africa. Over the past
years, several measles epidemics have occurred in countries which have achieved
very high coverage. In Chile, a large measles outbreak occurred in 1988 despite
prolonged measles immunization coverage above 90%. As a response, a mass
campaign was launched in 1992, and since then no new measles outbreak has been
registered. Many countries are now planning mass campaigns, but important
research issues remain to be addressed. Important progress has been made in the
Americas, where confirmed measles cases have dropped to 1 624 (1996). Most cases
are now occurring in the northern hemisphere.

For measles elimination, the following portfolio of research considerations was
presented:

» the development of a monophasic vaccine
» the exploration of alternative routes of vaccine administration

» the development of improved epidemiological tools, which include simple
diagnostic tests, validated modelling systems for mass campaigns, cost - benefit
and disease-burden studies.

Views of the Technical Review Group

With respect to severe RSV infection, it was underlined that the disease is not only a
pediatric problem, but also causes substantial morbidity and mortality in the elderly.
Detailed epidemiological information, however, is scarce. The major chalienge will be to
induce the right type of immunity already in the very young, where the incidence of
pediatric disease peaks.

The development of mouse neuroviruience test systems was widely acknowiedged, and
efforts should be made to establish this system for type |, {| and 1l OPV. For broader
use of IPV, appropriate potency tests should be developed, ideally in a transgenic mouse
model.

In fight of the technologic advances which will allow to use the existing measies with
delivery systems that would be more suitable for mass campaigns (oral, nasal or
nowdered vaccines to be delivered by jet-injector technology), the TRG feit that measles
vaceing research efforts should be maintained.

42 Progress of vactine rasearch and davelopment and plan of activities -~ 1997




9. Epidemiology and field
research

Achievements from the past year and an outlook on new priorities and planned
activities were presented by Prof. F.M. LaForce, chairperson of the Steering
Committee on Epidemiology and Field Research.

The tasks and responsibilities of this SC are cross-cutting through the disease-
specific SC’s of VRD; at the same time the committee provides support in
r_'pldcmlolﬂgy and operamonal research to EPIL. Furthermore, the 5C conducts
periodic review on vaccines currently not included into EPI and not covered by
other Commuttees.

9.1. General objectives

The cross-cutting structure of the SC and 1ts interface to other programmes
necessitates that it optimally complements other GPV activitics. Ar the same time,
the Committee requires clear objectives and responsibilities to carry out its work
most efficiently. In light of the broad mandate of the 8C, a clear prionitization of the
portfolio s critical. Therefore, a special session has been held 1n order to reassess the
terms of reference and the main objectives of the SC in light of its past achievements
and furure needs and challenges of VRD and GPV. The current framework of
activities was discussed in the context of the following main objecuves: (1) to
factlirate the introduction of new vaccines into immunization programmes; (11) to
optimize immunization strategies for improved impact, giving consideration to
special target groups.

The following recommendations were made:

« The main objective of the SC is to serve as a facilitator to improve
implementation of EPI and of newly developed vaccines.

» To serve this goal, disease-burden studies will continue to be a priority area of
activities; at the same time the SC should serve as an source for innovatve
epidemiological approaches which help to streamline clinical testing and
implementation of vaccines.

« For the optimization of immunization strategies, the SC should concentrate
high priority areas such as teranus and measles.

» The SC was encouraged to compile a review on the immunization of HIV-
infected individuals.

» The SC should contribute to the establishment of networks of climical testing
sites,

WHONRDIGEN/A7.01 43




9.2. Strategic plan and research priorities

9.2.1. Vaccine trial management

o Address generic vaccine tral issues for GPV, including development and
maintenance of a GPV Registry of Vaccine Trials, and consultation on trial

methods for other Steering Committees.

— Assist in developing generic tools and guidelines for conducting vaccine
effectiveness trials,

— Prepare annual updates of the vaccine trial registry.
—  Contribute to the development of effectiveness trial methodologies.

9.2.2. Disease epidemiology: field methods for the assessment of disease-
burden

» Design and field test practical methods for immunization programme managers
in developing countries to assess the impact of specific vaccine-preventable
diseases at the local level.

- Continue to support field studies that assess disease-burden due to HiB
infection; commission one additional study in Eastern Europe/Central Asia.

—  Conduct field studies to measure the incidence of severe RSV infection;
provide training on methodologies.

9.2.3. Projects related to operational research

e Identify operational research projects of special importance to EPI, solicit
proposals and promote research.
- Evaluate mathematical models for optimal spacing of measles mass
campaigns.

—  Facilitate the development of a rapid diagnostic test for tetanus antitoxin
antibodies.

9.2.4. Vaccine-preventable diseases which are not considered by a specific
sC

¢ Review vaccines not presently included in EPI and not covered by other 5C’s,
assess epidemiological data on disease incidence and vaccine performance.

—~ Provide input into GPV position papers.

— Rubella and Congenital Rubellz Syndrome (CRS): assess impact of private
sector vaccination and evaluate field methods to measure the burden of CRS.

9.2.5. Epidemiology networks, training and promotion

» Establish Collabaratmg Centres for epidemmlogy, promote training, review
GPV training materials on request, facilitate training courses, and maintain

contact with epidemiology training programmes.
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Intensify interaction with newly established WHO Collaborating Centres.

Parucipate in training courses.

9.3. Achievements

9.3.1. Vaccine trial management

Vaccine trial directory

A detailed inventory of all GPV-sponsored vaccine trials has been completed and is
now available as 2 WHO document (WHO/VRD/GEN/96.01). It contains
informarion on vaccine type, administration, study sites and study design as well as
objectives and outcomes measures. Regular updates of the Vaccine Trial Registry
Directory will be provided.

Vaccine effectiveness

A working paper on the use of vaccines to measure the true burden of disease
(“vaccine probe approach”) was prepared by two SC members, It provided an
important contribution to the discussion on the methodologies of effectiveness
trials.

9.3.2. Disease epidemiology: field methods for the assessment of disease-
burden

Haemophilus influenze type b

Based on the “Genernic protocol for population-based survetllance to assess the local
burden of meningitic due to HiB infection among children less than five years of
age” (WHO/VRD/GEN/95.05), studies have been initiated in Guatemala, the
Dominican Republic, Bulgaria and Poland. Site-visits have been carried out to
Poland and Bulgaria, and an on-site training course has been provided to the
Bulgarnan invesugators, with support from CDC, Atlanta. Preliminary daea have
already been reported from the study in Guatemala City, which is mainly sponsored
by the pharmaceutical industry. Fere, 27.5% of cases of bacterial meningitis could
be confirmed to be caused by HiB, 17% to be caused by premmococcss, which
represents a dramatic increase in the discase-burden anributable to HiB as
compared to previous data, where FliB was identified in only 1% of bactenal
meningitis cases to be the causative agent.

Respiratory syncytial virus

To gather standardized data on the incidence of RSV infection, the SC has
commissioned a “Generic protocol to assess the disease-burden due to RSV7,
similar to the protocol which was developed for HiB. A field test is now available.
‘Through a request for proposals, several sites have been selected to conduct disease-
burden studies according to the generic protocol. Study sies are located in Ethiopia,
Guinea-Bissau, Mozambique, Nigeria, South Africa and Indonesia. A traimng
workshop for principal investigators of the studies will be held in South Africa.
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9.3.3. Projects related to operational research

Measles

A study has been initiated in Poland which aims at evaluating mathematical models
for measles epidemiology. This project has been commissioned to Poland, as this
country has a particularly rich database of measles statistics. It will be conducted as
a collaborative effort with mathematical modellers at the Public Health Laboratory
Service (PHLS, United Kingdom). This project has been included by EPI into the

global plan of action for measles.

Tetanus

A tetanus serosurvey has been conducted in 1996 in the Central African Republic in
collaboration with the Ministry of Health and UNICEF. Data are currently under
analysis.

9.3.4. Vaccine-preventable diseases which are not considered by a specific
sC

Mumps

A comprehensive review on mumps and mumps vaceines has been prepared by Drs.
Galazka and Kraigher, which will be published in due course. The review concluded
that, although there is not sufficient burden of mumps disease to warrant the use of
a single mumps vaccine, the marginal costs of adding mumps or mumps/rubella
vaccine into measles elimination efforts needs careful consideration. As the disease
is more severe in adults, the impact of private sector vaccination on the epidemicity
of mumps should be monitored. Recommendations will be considered in the GPV
- policy statement on mumps.

Rubella and congenital rubella syndrome

A global review paper on the control of rubella and CRS has been published in the
Bulletin of the World Health Organization (1997; 75:1). A study has been funded to
evaluate rapid assessment methods for measuring the burden of CRS in South India.

9.3.5. Epidemiology networks, training and promotion

Two centres for clinical evaluation have been designated at U.5.-NIH, Bethesda,
and at the London School of Hygiene and Tropical Medicine (LSHTM). The terms

of reference are the following:

1. To provide consultative assistance to the WHOQ Global Programme for Vaccines
and Immunization for Phase I-IV testing of vaccines.

To conduct methodological research on new approaches of vaccine evaluation.

To conduct evaluations of vaccines in collaboration with developing country
INVestigators.

4. 'To serve as a vaccine evaluation training centre for scientists from developing
and developed countrics.
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Linkages with the International Clinical Epidemiology Network (INCLEN)
continue. Since 1988, GPV has sent a representative to the annual meeting of this
group. Dr K. Mulholland, VRD, attended the combined meeting of INCLEN and
the International Epidemiological Association in Penang, Malaysia in February
1997,

9.4. Plan of work for 1997/1998
9.4.1. Vaccine trial management

The GPV Vaceine Trial Registry Directory will continue to prepare annual updates.
Efforts will be made that other WHO programmes conducting vaccine trials
establish similar directories.

The concept of vaccine effectiveness (versus cfficacy) has found great interest over
the past year, bolstered by a study that identified an unexpected high beneficial
effect of conjugated HiB vaccines on the incidence of lower respiratory tract
infections in The Gambia. Knowledge on vaccine effectiveness may contribute to an
accelerated introduction of vaccines into public health practice. The 5C will be
implicated in the development of standardized tools and methods for vaccine
effectiveness studies.

9.4.2. Disease epidemiology: field methods for the assessment of disease-
burden

Haemophilus influenze type B

Results of the SC-sponsored studies using the HiB generic protocol will be
monitored. With financial support from US. Agency for Internatonal
Development (USAID) one additional study in the Newly Independent States or
Russia will be commissioned.

Respiratory syncytial virus

For the principal investigators of the SC- sponsored studies on RSV discase-burden
a training workshop will be organized in South Africa. The workshop will give
advice on laboratory and operational aspects of the studies and liaisons with RSV
experts will be established. The longer-term objective is to create a network of field
sites in Africa, suitable for furure studies in the area of acute respiratory infections.
Financial support will be provided by USAID.

Shigellosis

Jointly with the SC on Diarrhoeal Diseases, a generic protocol for the assessment of
the shigellosis disease-burden (Shigella flexner: I1a) will be established and a study
conducted in Vietnam, as a preparatory measure for a phase II vaceine trial.
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9.4.3. Projects related to operational research

Measles

Results from the collaborative study between Poland and PHLS on measles
epidemiology and its mathematical modeling will be monitored. A site-visit is
planned for the coming year.

Tetanus

Jointly with EPI, a strategy will be established for the development of a rapid
diagnostic test for tetanus antitoxin antibodies. Such a test would have an important
operational utility for the neonatal tetanus elimination effort. A meeting is planned
to review the currently available i7 vitro methodologies, and to identify interested
parties for the development of the test.

Views of the Technical Review Group

The importance of effectiveness studies, which measure the net balance of benefits and
adverse effects, was acknowledged by the TRG. For effectiveness trials, important
research issues remain to be solved, including study design, randomization and ethical
issues. The SC is encouraged to participate in this process. However, effectiveness trials
should not become a prerequisite for registration, and other infarmation sources (post-
marketing surveilfance, modelling} should also be tapped.
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10. Review of the current status
of vaccination strategies
against cancer and immuno-
pathological diseases

Very considerable progress has been made recently on the understanding of the
etiology of certain cancers and the immunogenicity of tumors, leading to multiple
strategles to develop preventive cancer vaccines or to boost immune responses
(therapeutic vaccines) against established tumors. Furthermore, biomedical progress
has considerably detailed the understanding of many immuno-pathological
conditions, such as allergic and auto-immune diseases, by studying basic
mechanisms of antigen recognition and immune response modulation. With this
knowledge, specific interventions appear conceivable, that alter immune responses
in such a way that pathology can be prevented.

Several presentations were given to review recent developments in these fields and
to explore whether there is a role for GPV/VRD to facilitate some developments,
particularly in the area of infecrion-associated cancers.

10.1. Update on cancer vaccines

Dr J.-C. Cevottini, Ludwig Institute for Cancer Research, Lausanne, Switzerland

The concept that cancer cells are antigenic is a very old one, as it has been the
implicit or explicit assumption for interventions, where cancer patients were
deliberately infected with viable or killed bacteria, such as BCG, in order to
stimulate the patients immune system. More recenty cytokines were used as non-
specific stimulators of the immune system. Except for some specific conditions,
these approaches, however, have not proven to be successful.

The antigenicity of tumor cells was first demonstrated for melanoma cells, which
showed in vitro reactogenicity with autologous cytotoxic T lymphocytes (CTL).
This seminal discovery let researchers focus on tumor antigens that are recognized
by CTL, which constitute of antigens endogenously synthesized by tumor cells and
presented as MHC class 1 - peptide complexes. Several technical approaches are
available today to identify such antigens. From such studies, four classes of tumor
antigens recognized by CTL have been idenufied untl now:

¢ structural or non-structural proteins from oncogenic viruses
» abnormal (mutated or post-translationally modified) cellular proteins

s normal cellular proteins expressed at very high level
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» normal cellular proteins which are physiologically only expressed in distinct cell
types

'The human MAGE-1 antigen, belonging to the last category, is one of the best
characterized tumor antigens, containing at least two antigenic epitopes. It is
expressed not only in melanomas, but several other cancer types. The melanocyte-
lineage associated antigens Melan-A/MART-1 are expressed in 80% of metastatic
melanomas. Several clinical trials are currently underway using melanoma antigens
to boost CTL responses, and many different protocols are conceivable to optimize
these responses. However, many cancer patients with a tumor that expresses a
defined tumor antigen do not mount a CTL response against their antigen, which
could be explained by immunological tolerance or anergy.

A formidable obstacle to a successful therapeutic vaccination strategy lies in the
documented ability of tumors to evade the immune responses. Various different
mechanisms have been identified, which permit the tumor to escape immune
recognition. Loss of human leucocyte antigen (HLA) expression is a very common
strategy, and may eventually already reflect a CTL-mediated escape selection. If
such dynamic behavior of the tumor will be confirmed, immunotherapy might be
most successful if applied early in cancer development, and accompanied by other,
non-immunological interventions.

10.2. Disease-burden related to cancer induced by human viruses
and H. pylori

Dr N. Mu#ios, International Agency for Research on Cancer, Lyon, France

The causal link between the development of cancer and an infectious agent has
already been established early this century in animal systems. The association
between human cancer and (viral) infection has since then been established.
However, as causal relationships are often difficult to establish, epidemiological
estimates on the magnitude of the disease-burden have often been based on over-
simplifying assumptions, e.g. that all cancers for which a role of an infectious agent
was assumed were caused by that agent. In the meantime, extensive surveillance
studies have been carried and criteria for causality established. Based on this, valid
epidemiological data on disease incidence can be computed.

Case-control studies, where the exposure frequency of the diseased versus the non-
diseased subject is analyzed, as well as prospective cohort studies, yield reliable data
on association between infection and cancer, and provide strong evidence for causal
association. The incidence of cancer, stratified by gender, age and geographical area
were estimated for 18 different sites for the year 1985, and updated by the means of
newer data to 1990. The following table collates the global burden of cancer due to
infectious agents.
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Infection and the burden of cancer worldwide

Cancer No. of cases Agent % of world
cancer
Stomach 504 928 H.Pylori 5.3
Cervix & vulva 447 400 HPV 4.8
Liver 398 600 HBV, HCV 4.3
Lymphomas 46 779 EBV 0.5
Kaposi 43525 HIV, HHVS 0.5
Bladder 10249 Schistasoma 0.1
Leukemia 2662 HTLV-1 0.1
Cholangiocar. 308 Liver flukes 0.0
Total number infection- 1454 951 15.5
related cancer
(Total number ¢ancer 9327 165)

Abbreviations used: EBV, Epstein Barr virus; HBV, Hepatins B wvirns; HCV,
Hepatitis C virus; HHVS, Human herpesvirus 8; HPV, Human papilloma virus;
HTLV, human T-cell lymphotrophic virus

In the following, discussion concentrates on cervical cancer caused by HPV and
stomach cancer due to H. pylori infection, which, together with HBV cause by far
the largest share in the burden of cancer caused by infectious agents.

Stomach cancer

Although incidence rate of stomach cancer is slightly decreasing, it sull accounts a
large share of all cancers. Evidence for the causal association between H. pylor
infection and cancer emerged in the 1980’s, when the bacterium was 1solated from
gastric biopsies. Surveys indicate that 50-60% of the global population is infected,
with a prevalence of up to 90% in some developing countries. Infection correlates
with poor living conditions and lower socio-economic status (SES), and usually
occurs at young age and persists throughout life. Prevalence of infection is abour
50% in developed, and 75% in developing countries. The relative risk (RR)
associated with infection varies widely berween different countries, being highest in
some developed countries with low risk for stomach cancer (RR 6). On average, a
RR of 3 can be assumed for developed countries and a RR of 1.5 for developing
countries. Attriburable fractions (AF) are 60 and 53%, respectively. Age-
standardized incidence rates vary widely berween countries, being highest in Japan
and Korea. In all countries, incidence rates tend to be significantly higher in males
than in females.

Cervical cancer

Over the past years the HPV programme of the International Agency for Research
on Cancer (IARC; Lyon, France) has invested considerable work to demonstrate
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the causal association between cervical cancer and HPV infection, by conducting a
large set of case series, case-control and cohort studies. Until today, 75 types of
papilloma virus have been identified, of which 30 infect the genital tract, and 18
being regularly associated with cervical cancer.

In a case-series study conducted by TARC 1050 biopsies from histologically
confirmed cervical cancers were screened for HPV DNA using a standardized PCR
protocol, designed to detect more than 25 HPV strains. 93% of the specimen proved
to contain HPV DNA, with the most common types being HPV 16 (54%), FIPV 18
(15%), HPV 45 (9%), HPV 31 (6%), HPV 33 (3%). Distribution of HPV types
showed significant regional clustering. It is obvious that data on regional prevalence
of HPV types will be critical information for the successful development of vaccines
against HPV infection.

Several case-control studies have been conducted to assess HPV DNA prevalence in
cases of cervical cancer. These studies were carefully controlled and adjustments
made for age, number of sexual partners, Chlamydia infections and others. Very
strong associations were found between HPV infection and the development of
cancer. Depending on the study, OR ranged from 17 to 156, with an average of 65.
The attributable factor was calculated to be above 80%, on average. In Taiwan, the
OR for high risk HPV types was found to be above 1000. Longitudinal (cohort)
studies indicate that persistent HPV infection precedes the development of
advanced cervical intraepithelial neoplasias (CIN II-III). Finally, from molecular
and pathological studies, the causal relationship between infection and cancer
development is firmly established.

In summary, data indicate that over 90% of cervical cancers can be attributed to
HPV infection. However, as prevalence of HPV infection 1s much higher, cofactors
have to be assumed that lead to a progression of the disease and the development of
malignancy.

10.3. Vaccines against human T cell leukemia viruses

Dr P. Golikowv, President, Virologix Corp., New York, NY, USA

T cell leukemia virus types [ and II (HTLV-I and -II), mammalian viruses infect
human T lymphoeytes and are associated with a2 number of severe clinical disorders.
An estimated 10 - 20 million people are infected with HTLV-I or HTLV-II
worldwide. High rates of HTLV-] infection occur in a number of geographic
regions, including parts of Japan, the Caribbean, South America and Africa.
Although the lifetime risk of an infected individual developing 2 related clinical
disorder is small (2% - 5%), when disease does develop it is chronic, severe, and
sometimes fatal. HTLV-I infection has been linked to adult T cell leukemia, an often
fatal malignancy of CD4" lymphocytes, and to HTLV-associated myelopathy, a
severe and incurable neurological disorder resembling multiple sclerosis. HTLV-I
infection is endemic in certain areas, where up to 30% of the population may be
infected. In Japan alone, as many as two million individuals are thought to be
infected, and HTLV-I is the most common cause of fatal leukerma. HTLV-II
infection has also been linked to serious disease, including HTLV-associated
myelopathy. Like HTLV-1, HTLV-II is endemic in certain regions, but with 2

52 Prograss of vaceine research and development and plan of activities ~ 1887




-
IR Ty T P b B 1 G e il el e ey i

eeographic  distribution distinct from HTLV-IL Infection with HTLV-II is
considered a significant public health problem in Brazil, Spain, southern ltaly, and
among intravenous drug users in the United States.

Vaccine candidates for HTLV-1 and HTLV-II based on viral surface glycoproteins
have been developed by Virologix. These were shown, in animal studies, to protect
against viral infection. Human clinical trials of the two vaccine candidates are
planned to begin in 1997 in Brazil,

10.4. Vaccines for immunologic diseases

Daniel Rotrosen, MD, Acting Director, Division of Allergy, Immunology and
Transplantation National Institute of Allergy and Infectious Diseases National
Institutes of Health, Rockville, MD, USA

Auto-immune diseases affect nearly 5% of adults in North America and Europe and
allergic diseases including asthma affect an even larger number of adults and
children. Similarly, immune-mediated allograft rejection is an ever-present risk
following transplantation. Vaccines - the term being used here to define antigenic
materials that alter immune responses - that could effectively prevent or treat these
conditions would be an important adjunct to existing therapies.

Any universal approach must focus on common events in the pathogenesis of these
disorders. In development of vaccines for immunologic diseases, the approach that
has been most widely used is to tolerize pathogenic T cells by administration of the
target self or foreign antigen. Tolerogenic vaccines include such agents as the target
self antigens in auto-immune diseases, allergens in allergic disorders, and
alloantigens in transplant rejection. The goal of immunization with tolerogenic
vaccines is to abolish specific immune responses so as to interrupt the disease
process.

Disease prevention is a realistic goal when at-risk individuals can be identified at an
carly stage before inflammation and tissue injury cause symptoms (e.g. in
transplantation or in insulin dependent diabetes mellitus before destruction of
insulin producing islets). In other instances, when at-risk individuals cannot be
identified at an early stage, symptomatic improvement might still be possible even
in the presence of established organ injury (e.g. the synovial injury of rheumaroid
arthritis). A second requirement for successful intervention is the conclusive
identification of rarget antigens. This has been established in a number of disorders.
In these examples, the experimental evidence includes the molecular idenufication
of the target antigen, evidence linking the presence of antigen-specitic antibodies or
T cells to disease activity, and induction of the disease in animal models via adoptive
transfer of auto-antibody or autoreactive T cells. A third requirement for successful
intervention is the ability to render T cells non-responsive. Immune responses in the
rodent gastrointestinal tract are self-limited, and repeated challenge with certain
antigens results in a diminished immune response. Oral administration of both high
and low dose antigen results in a phenomenon termed "oral tolerance”, in which the
immune response to subsequent systemic administration of antigen is blocked.
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Differences in T cell subset responsiveness, i.e. TH1 (producing interferon-y, but
not 1L-4 or IL-5) and TH2 (producing IL-4 and IL-5, but not interferon-y), may
contribute to the development of auto-immune (TH1-predominant) and allergic
(TH-2 predominant) disorders. There is evidence that immune deviation from a
TH2 to a TH1 cytokine profile presents a barrier to long-term allo-graft acceptance.
Nonetheless, vaccine constructs that could redirect immune responses towards a
TH2 cytokine predominance may be of value in auto-immune disorders and in
tolerizing for long-term engrafrment. Conversely, investigators studying the murine
responscs to DNA vaccines incorporating coding sequences for allergens have
identified short immuno-stimulatory sequences in the plasmid DNA flanking the
allergen insert. These immuno-stimulatory sequences direct a relatively "pure”
TH1-like allergen-specific immune response. In a murine model of bronchial hyper-
reactivity, this TH1 cytokine predominance leads to a down-regulation of IgE
production, induction of allergen-specific IgG "blocking” antibodies, and a
reduction in allergen-induced bronchial hyper-reactivity, The actions of IgG
"blocking" antibodies may be explained by the recent discovery of a negative
signaling pathway in immune and inflammatory cells, which acts by inhibiting the
 activation signals that are produced by crosslinking of IgE receprors.

Many other advances have stimulated the development of tolerogenic vaccines.
First, the genes which encode important allergens have been identified, cloned, and
expressed. These include the major allergens in cat dander, dust mites, cockroaches,
insect venoms, ragweed, many grasses, and many food allergens. The availability of
pure allergens made by recombinant technology allows more precise testing,
identification of allergenic epitopes and the development of allergen specific
vaccines, including DNA vaccines. Second, considerable progress has been made in
the identification of the target self-antigens in many auto-immune diseases, ¢.g.
myelin basic protein in multiple sclerosis. Finally, basic advances in our
understanding of immune responsiveness and non-responsiveness enhance our
ability to successfully use allergens, self-antigens, and allo-antigens as vaccines.

Target self-antigens have been used as tolerogenic vaccines in animal models of
human auto-immune diseases including rheumatoid arthritis, insulin-dependent
diabetes mellitus, multiple sclerosis, and uveitis. Alternatively, improvements have
also been seen when vaccination has been delayed until after the onset of disease. In
most prevention studies, responses have been partial, meaning the disease has been
delayed in onset or decreased in severity. In treatment studies, complete remission is
unusual and a decrease in disease severity has more often been seen.

Similar progress has been made in the induction of donor-specific tolerance in
animal recipients of organ allo-grafts. Most regimens have included some form of
non-specific immuno-suppression during the induction phase of tolerance (the
agents used most extensively are cyclosporin A and anti-lymphocyte globulin).
Donor-specific tolerance has been induced by transfusion of donor allo-antigens, as
whole blood or bone marrow, or by introduction of genetically engineered cells or
solubilized major histocompatibility complex (MHC) antigens. Improved graft
survival has been shown in rodents, dogs and primates. Based on promising results
in animal models, clinical trials have been conducted using target self-antigens in
auto-immune diseases and donor antigens in transplantation. Standard
immunotherapy for allergic diseases has been modificd in recent trials testing the
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ability of small peptides to induce allergen-specific non-responsiveness. Pilot open
trials or blinded randomized studies have recently concluded or are ongoing in
insulin dependent diabetes mellitus, multiple sclerosis, rheumartoid arthritis, non-
HLA identical kidney transplantation, and cat allergy. Taken as a group, these trials
have shown safety with relatively few side effects. Clinical improvements have been
seen in some studies, but enthusiasm has also been tempered by recent failures.

Many questions remain to be answered before tolerogenic vaccines can become
standard treatments. There 1s a clear need to support translational research to move
basic advances from the laboratory to the clinic. Examples of research areas of
interest include: (1) studies of the mechamisms which account for the non-
responsiveness induced by a particular vaccine; (i) studies to determine whether one
or more epltopes or antigens are required for optimal responses; (i) studies to
determine the optimal dosing schedules, routes of administration, and product
formulations for tolerogenic vaccines; and (iv) studies to identify surrogate markers
that correlate with clinical outcomes and that mighr provide insights into the
underlying mechanisms of non-responsiveness.

Views of the Technical Review Group

The TRG welcomed this review on prospects of vaccination strategies against cancer
and auto-immune conditions. Although immunization approaches against these diseases
broaden the concept of “classical” vaccines against infectious diseases, there are
important overlaps between these two strategies. The concept of immune deviation is
not only very important for the development for interventions against auto-immune
diseases, but is also critical for tuberculosis vaccines. Similarly, research into mucosal
immunity is central to all vaccination strategies.

It was felt that this domain of research has until now been essentially driven by scientific
discovery, but is now turning into application, and will thus become market-driven and
problem-oriented. Important safety and regulatory issues have yet to be solved. The
discussion was thus felt to very timely.

The TRG recommended that VRD should closely follow the prospects and developments
for vaccines against major non-communicable diseases. With respect to vaccines
against cancer attributable to infectious agents, in particular cervical cancer and
stomach cancer, VRD is encouraged to monitor this figld through means of coliaborating
centres, and to explore its role in co-ordinating and facilitating the development and
gvaluation of novel vaccines against these two diseases.
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