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Preface

The two workshops described in this report represent a continuation of
Institute of Medicine (10M) activities focusing on the Children's Vaccine Initia­
tive (CVI). The CVI came into being at the World Summit for Children held
in New York City in September 1990. Its goal then as now is to utilize our
scientific and technologic capability to produce improved vaccines for the
world's children. Subsequent to the summit, the 10M conducted a study (funded
in part by the U.S. Agency for International Development [USAID), the sponsor
of these workshops) to evaluate the nontechnical impediments to the development
of CVI-type vaccines. The involvement of the U.S. public and private sectors
in this effort also was assessed. In July 1993, the 10M released a report
resulting from this study, The Children's Vaccine Initiative: Achieving the
Vision.

In March 1994, the newly formed 10M Steering Committee on the
Children's Vaccine Initiative: Continuing Activities met for the first time. The
panel was charged with overseeing the planning of these two workshops. With
input from USAID, the committee decided that the first session should address
impediments to the introduction in the developing world of new vaccines against
acute respiratory infections (ARI). The USAID hoped the workshop would help
inform its own program development as well as the activities of other players in
this arena.

To ensure that the broadest range of issues was considered, the committee
decided the workshop should look at existing products that are at different stages
of development. With this in mind, the panel selected three types of vaccines for
discussion. Conjugate vaccine against Haemophilus influenzae b (Rib)
represented a vaccine that is already widely used. Conjugate vaccine against
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Streptococcus pneumoniae was illustrative ofa product still undergoing extensive
development. The committee also chose to include conjugate vaccine against
Neisseria meningitides. While not targeting an ARI pathogen, this vaccine was
deemed suitable because its development falls midway between that of the other
two. Although it selected only bacterial vaccines, the committee recognized the
major role of viruses in causing ARI in the developing world. Some 70 people
from around the world, including vaccine researchers, immunization program
directors, and representatives of the vaccine industry, took part in the September
workshop.

One of the most successful aspects of the 1993 10M study on the CVI was
the convening of working groups comprised ofrepresentatives from universities,
government agencies, biotechnology fInns, large vaccine manufacturers, and
multilateral agencies to discuss critical impediments to the development of new
and improved vaccines. The interactions among these groups involved in the
global vaccine enterprise were considered extremely useful-by the participants,
the 10M, and the funders.

This earlier success influenced the steering committee's vision for the second
workshop; the panel hoped this meeting would stimulate additional useful
dialogue about the CVI between the public and private sectors. In particular, the
committee wanted to focus attention on how the U.S vaccine and biotechnology
industries may best contribute to meeting the needs of developing countries for
new and improved vaccines. To increase the likelihood that participants would
speak freely, the meeting was by invitation only and was held at a secluded site
in rural Virginia. Because of the somewhat sensitive nature of the topics
discussed, this Summary, unlike the one from the September workshop, does not
identify participants by name. Thirty people took part in the October session.

Speakers at the two workshops emphasized the unique vaccine needs and
production capabilities of individual countries. Participants also noted the effect
of U.S. economic and political pressures on the production of vaccines, both in
the United States and in developing countries. One point repeatedly emphasized
was that the economic health of vaccine manufacturers is essential if they are to
participate in advancing immunization globally. The workshops also revealed the
key role technology transfer will play in introducing and sustaining vaccine
production capacity in the developing world. Evident was the strong desire of
many countries around the world to be able to address their own infectious
disease problems, either through direct purchase or indigenous manufacture of
vaccines.

This summary shows clearly that the barriers that currently prevent more
effective childhood vaccines from reaching those in the developing world will
not be removed by a single solution or quickly with multiple solutions. This
does not mean the workshops were not a success. First, these meetings
demonstrated a strong, multinational interest in improving immunization for
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children in all parts of the world and recognition that such actions will need to
be tailored to the needs and realities of individual countries. Second, they
provided the rare opportunity for close and congenial discussion of the range of
issues relevant to the CVI. Third, the speakers and other participants generated
a rich pool of ideas, and some potential solutions, to enhance a fully realized
CVI.

The accomplishments of these workshops, therefore, may be summarized as
commitment, communication, and creativity. These were their goals.

Caroline Breese Hall, Chair
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Promise and Problems: Bib,
Pneumococcal, and Meningococcal
Vaccines in the Developing World

INTRODUCTION

The three vaccines discussed in this report target diseases that are responsible
for a significant amount ofdisease and death in developing nations. Unfortunate­
ly, as participants in the workshop learned, there is a dearth of good
epidemiologic data in many poorer regions of the world. This not only makes
it hard for researchers to design vaccines appropriate for a particular population,
it also makes it hard to sell the benefits of vaccination to developing-country
health ministries. Without convincing evidence ofan infectious-disease problem,
they are unlikely to favor spending scarce government funds on prevention.

Even were such disease information available, there may be considerable
technical and scientific barriers preventing a potentially useful vaccine from
reaching those who could benefit from its use. The conjugation process
employed to make the three vaccines considered by this workshop is complex,
requiring significant technical skill and advanced manufacturing capability. Both
are in short supply in the developing world. Workshop participants learned of
several alternatives to the standard randomized placebo-controlled study that may,
in certain situations, provide useful efficacy data. The public and private sectors
have worked and will continue to work together in various aspects of vaccine
development, including clinical testing, although the incentives and expectations
in each sector may differ markedly.

Perhaps the major barrier to the introduction of new vaccines against acute
respiratory infections (ARI) and meningococcal pathogens is cost. For example,
in the case of conjugate vaccine against Haemophi/us influenzae type b (Rib),
which has been shown highly effective over the last 5 years in children in
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developed regions of the world, cost appears to be the primary obstacle to its use
in poorer nations. Cost may serve as an even larger disincentive in the case of
vaccines againstStreptococcuspneumonioe, which will probably contain mixtures
of 7 to 10 individual serotype preparations. Workshop attendees discussed at
length a number of approaches to reducing the cost of these vaccines, including
simplifying the production process. As was also pointed out, however, where
popular demand for a vaccine is strong enough, governments may purchase and
distribute to the public (at a nominal price or for free) even an expensive
vaccine.

ARI AND MENINGOCOCCAL MENINGITIS IN THE
DEVELOPING WORLD I

ARI is the leading cause of death in children under age 5. ARI-related
microorganisms are implicated in some 30 percent of the roughly 14 million
annual deaths in that age group (Figure I). Nearly three-quarters of children
who succumb to a respiratory illness die of pneumonia Viruses, particularly the
respiratory syncytial, parainfluenza, and influenza viruses, are isolated more
frequently than are bacteria from children with pneumonia However, bacteria
appear to play a more important role in severe or fatal pneumonia, especially in
the developing world.

In these regions, approximately half of children hospitalized with untreated
severe pneumonia harbor bacteria in their lungs. Taken together, S. pneumoniae
and H. influenzae may comprise up to 80 percent of the organisms isolated from
the lungs of these patients. The frequency with which these two organisms can
be isolated from the upper respiratory tract of normal children under I year of
age approaches 100 percent in some parts of the developing world.

The global burden ofNeisseria meningitides-caused meningitis is relatively
small compared to that of the respiratory pathogens. One recent estimate,
prepared by scientists at the Centers for Disease Control and Prevention (CDC),
places the total number of annual cases worldwide in children under age 5 at
170,000 and the total number of yearly deaths in this age group at 16,000. This
is probably an underestimate, however, since much of the available information
about meningitis incidence comes from passive rather than active reporting. In
many parts ofthe world where meningitis epidemics are a recurring health threat,
there are limited laboratory capabilities to confirm these diagnoses. Despite the
relatively small absolute number ofN. meningitides-caused deaths, the epidemic
potential of this pathogen is significant and is a key factor driving the
development of meningococcal vaccines.

I This section is based primarily on material presented by Floyd Denny.
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FIGURE 1 Etiology of deaths due to acute respiratory infection (ARI). According to
the World Health Organization, there were 3.63 million deaths due to ARI in 1994.
NOTE: The leading pathogen in the "Other" group is respiratory syncytial virus.
SOURCE: Adapted from CDC, 1994.

The incidence of ARI is consistent across the continuum of developing and
developed countries. However, in tenns of disease severity and mortality, those
in the developing world fare far worse than their developed-world counterparts.
Among the variety of epidemiologic risk factors for ARI, three stand out as
especially important: being very young, being malnourished, and living in
poverty. These and other risk factors are described in a recent series of studies
overseen by the National Research Council's Board on Science and Technology
for International Development.2

2 Reviews of Infectious Diseases, Vol. 12, Suppl. 8, November-December 1990, pp.
S861-S1083.
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Although pneumonia is the principal clinical sign in children with acute
lower respiratory infections (ALRI), researchers have an incomplete
understanding of pneumonia etiology. This is largely because of the lack of
effective bacterial pneumonia diagnostics, which makes it difficult to confirm the
role ofa particular bacterial causative agent, since so many healthy children carry
Hib and S. pneumoniae. Based on a model developed by the CDC, S.
pneumoniae is thought to account for the majority of deaths in children under
age 5 (Figure 2). The pathogenesis of acute respiratory disease also is poorly
understood, in part because of the paucity of developing-world autopsy data.
Also requiring more study is the relative importance of viruses and bacteria in
causing illness.

FIGURE 2 Annual deaths of children under age 5 by main causes. For the pmpose of
this chart, one cause has been allocated for each child's death. in practice, children often
die ofmultiple causes, and malnutrition is a contributory cause in approximately one-third
of all child deaths. Measles deaths arc sometimes ascribed to acute respiratory infection,
as a severe case of measles renders a child highly susceptible to other infections.
Pneumonia is often the ultimate reason for a death for which measles is primarily
responsible. SOURCE: Adapted from UNICEF, 1990.
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Scientists and public health authorities need a much better understanding of
ARI epidemiology. Specific areas of focus might be the roles of malnutrition,
crowding, and inhaled pollutants in contributing to respiratory illness. Special
attention should be paid to ARI in very young children, in whom the incidence
of severe disease is so much higher than the rest of the population. Effective,
affordable vaccines against H. injluenzae and S. pneumoniae will clearly be
important in prevention efforts.

Short of preventing illness through vaccination or other means, health care
providers must be prepared to treat those who become sick. Case management
of respiratory disease could benefit from operational studies of oxygen delivery
systems, bronchodilators, and fluid maintenance. Antibiotics are a key tool used
to treat ARI in the developing world. However, appropriate drug schedules and
doses for developing-world populations have not been adequately formulated.
In addition, extensive resistance to some antimicrobial drugs has limited their
usefulness in this context.

In the developing world, infections of the lower respiratory tract are
interwoven with a number of other health problems; they are also influenced by
the host of well-known social and economic hardships borne by many living in
these regions of the world. While there is no single or easy solution to the
problems posed by ARI and N. meningitides-caused meningitis, the value ofmore
and better laboratory and epidemiologic data cannot be underestimated.

DETERMINING VACCINE NEED]

Reliable information about the health status of a population is key to
designing effective vaccine trials and evaluating their results. The need for such
data does not end once a vaccine is proved effective in a particular group of
volunteers, however. In order for a vaccine to be broadly useful, country­
specific data on overall disease incidence and age-specific rates of infection are
vital. Without such epidemiologic information, health ministries may be
reluctant to devote scarce government dollars to the purchase and administration
of vaccines.

The rather unexpected results of a disease surveillance study in Cairo, Egypt,
illustrate this last point. During this recent 18-month project, investigators
collected blood and nasopharyngeal samples from 1,635 preschool children
admitted with pneumonia to two of the city's communicable diseases hospitals.
Serotyping of blood isolates from patients and ARI-free controls revealed a
roughly even split in each group between H. influenzae type b and H. influenzae

3 Unless otherwise noted, material in this section is based on presentations by Mark
Steinhoff, Catherine Oyejide, Mona Assad, and Jay Wenger.
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non-type b. In a pneumonia smveillance study conducted in Pakistan by the
CDC, over 90 percent of children bacteremic with H. influenzoe were infected
with nontypeable organisms.4 In addition, there is some evidence suggesting that
nonencapsulated Hib strains can be responsible for serious disease in older
children.s

These and other similar data suggest that in certain settings, a conjugate Hib
vaccine is likely to prevent only a moderate proportion of Haemophilus disease.
Given the relative high cost of such vaccines, these data argue strongly for
further epidemiologic testing to determine the prevalence of Haemophilus types
in settings in which immunization programs are being contemplated.

It is worth noting that H. influenzae serotype data in the United States come
primarily from isolates of cerebrospinal fluid from children with meningitis and
from blood samples from children with high fevers, not pneumonia. In contrast,
serotype data from the developing world derive mainly from children with cough
who meet World Health Organization diagnostic criteria for pnemnonia. These
differences have important implications for vaccine testing and reinforce the need
for rigorous vaccine trials in the developing world.6

In the case of S. pneumoniae, considerable data have accumulated in the
United States over the past decade regarding infection with this pathogen.
Studies in various areas of the country reveal that somewhere between 90 and
2,000 cases of pneumococcal disease occur each year per 100,000 persons,
predominantly among the very young. In general, much less is known about
pneumococcal incidence in the developing world. For example, in Nigeria,
Africa's most populous nation, pneumonia accounts for some 30 to 40 percent
ofall visits to the doctor and roughly 12 percent ofpediatric hospital admissions.
About 30 percent of all childhood mortality can be attributed to pneumonia.
Likewise, in the United Arab Emirates, a small developed nation at the eastern
tip of the Arabian peninsula, ARI is a major cause of morbidity and mortality.
In neither country, however, are there many bard data on the etiology of these
infections.

In addition to variations in disease incidence between and even within
certain regions of the world, there are differences in the pneumococcal serotypes
present. A review of the published literature found that in the United States and
a number of other developed nations, the seven most prevalent serotypes were
(in rank order) 14,6, 19, 18,9,23, and 7.7 In many developing nations, the top

4 Benjamin Schwartz.
S Dan Granoff.
6 Joel Ward.
7 Sniadac D, Bogaerts J, Butler J, et al. Geographic variation on pneumococcal

serotypes in children with invasive disease: Implications for conjugate vaccine use
[Abstract 1651). 33rd Interscience Conference on Antimicrobial Agents and Chemother-
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seven serotypes (also in rank order) were 14, 6, 5, 1, 19, 9, and 23. Thus,
frequency of infection with pneumococcal types 1 and 5 appears to distinguish
developing-world populations from those in developed nations.

This was not always the case. Some 40 years ago, pneumococcal serotype
I was the most common serotype in the United States. Likewise, serotype 5 was
once much more prevalent in the United States than it is now. This sort of shift,
or "secular change," is not limited to the dramatic alteration in U.S.
pneumococcal distribution. Temporary, year-to-year fluctuations in serotype
prevalence have been documented in many developing countries.

Although estimates of serotype prevalence in the developing world are fairly
good, data from certain regions (particularly South Asia and much of sub­
Saharan Africa) are less complete than those from others. A number of efforts
are underway to fill these data gaps. One such initiative, funded by the
Rockefeller Foundation and USAID, is tracking invasive pneumococcal and
haemophilus disease in six sites in India. The SIREVA project of the Pan
American Health Organization is undertaking similar research, focused only on
S. pneumoniae, in Latin America and the Caribbean.

In the India project, some 8 percent of 1,000 blood cultures collected
initially were positive for S. pneumoniae, and preliminary subtyping indicates
types 1 and 5 are the most common on the subcontinent. Data gathered over the
past several years from Pakistan, Bangladesh, and India indicate that, compared
with the United States, pneumococcal disease disproportionately strikes the very
young, those less than 5 months old. Therefore, a vaccine that is immunogenic
only in older infants may prevent disease in U.S. infants while having much less
ofan impact in the developing world. This reinforces the need to design vaccine
trials in the developing world that look specifically at efficacy in young infants.

With respect to meningococcal meningitis, lack of solid data on disease
incidence outside of the established market economies has played out in a
different way. In a number of recent outbreaks-in Ethiopia (1989), Brazil
(1989-1990), Cameroon (1991-1992), and Mongolia (1994~ disease
burden has been poorly quantified. Health officials have often reacted by
initiating mass immunizations with polysaccharide vaccines. Although necessary
under the circumstances, such actions cannot prevent death and illness during the
first few weeks of an epidemic, and they have tended to divert funds and
personnel from routine public health services. The availability of an effective
conjugate meningococcal vaccine that could be given to young children would
probably prevent such scenarios from occurring.

apy, New Orleans, Louisiana, 1993.
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OVERCOMING SCIENTIFIC AND TECHNOLOGICAL BARRIERS

Until fairly recently, the state of the art for making vaccines against certain
bacterial pathogens, including Hib and S. pneumoniae, relied on the use of
capsular polysaccharides. When injected. a purified mixture of different
polysaccharides-23 in one commercial pneumococcal product-induces
immunity in adults. However, the immunity is of limited duration and produces
no immunologic memory. In addition, the vaccine is poorly immunogenic in
children. More important in the context of the CVI, polysaccharide vaccines are
poorly immunogenic in young infants.

These and other considerations have prompted extensive work on
glycoconjugate vaccines, in which the antigenic sugar molecule is linked, or
conjugated, to a protein carrier. Generally, the resulting vaccine produces greater
and longer-lasting antibody responses, which can be boosted by subsequent
carriage or revaccination. When given to a young infant, such preparations can
protect against infection. The current generation of Hib vaccines is made with
conjugate technology; a number of research groups are working to produce a
pneumococcal vaccine based on the same scientific principles (Table 1). In the
case of pneumococcus, the research thrust of all of the major manufacturers is
to make a product for developed-world markets and the prevention of otitis
media, rather than the prevention of ARI in the developing world. However, a
few firms are also constructing alternative formulations that include serotypes
more prevalent in developing countries.

The particular challenge with the pneumococcal vaccines is that unlike Hib,
which is a single-serotype preparation, these formulations must include multiple
serotypes to be effective. Although they are administered together, each
serotype-specific combination of polysaccharide and carrier protein amounts to
a unique vaccine. Because the conjugation process is quite complicated,
multiple-serotype conjugate vaccines are expected to be very expensive.

Indeed, cost currently poses a significant barrier to the use of these vaccines
in the developing world. For example, it is difficult for a country to justify
spending more to immunize its children with a conjugate Hib vaccine than it
allocates for the purchase of all seven vaccines called for under the Expanded
Programme on Immunization.9 The rationale for buying Hib vaccine is similarly
weakened if that cost is two or four times as much as is spent treating all cases
of Hib disease in a given year. Improvements in the efficiency of the

• Unless otherwise noted, material in this section is based on presentations by John
LaMontagne, Philip Russell, and David Briles.

9 Otavio Oliva.



TABLE I Characteristics of Conjugate Pneumococcal Vaccines

Protein Linker Saccharide Vaccine Serotypes in
Organization Carrier Technology Length Clinical Trials Phase ofTriaIs

Pasteur-Merieux Tetanus toxoid Short linker - 6, 14, 19, 23 (propose to Phase IIII
Connaught Diphtheria toxoid (new technology) add 3, 4, 9, and 18)

Lederle-Praxis CRM 197 Short linker Short 6, 14, 18, 19, 23 (propose to PhaseIlII
add 4 and 9 for United States
and 1 and 5 for "developing
country" fonnulations)

Merck OMP-meningococcus B Bivalent linker Long 4, 6, 9, 14, 18, 19, 23 Phase IIII

University of CRM 197, tetanus Reductive amination Short 6, 14, 19, 23 Phase 1
Rochester toxoid (amine)

National Institute Tetanus toxoid Short linker Long 6, 12 Phase I
of Child Health and (6-carbon)
Human Development

Dutch-Nordic Tetanus toxoid Thioether Variable None (propose to use a None
Consortium 4-valent vaccine similar

to Merck's)

SOURCE: National Institute of Allergy and Infectious Diseases, 1994.

'Cl
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conjugation process, however, offer the prospect of a more affordable conjugate
and should be pursued.1O

There are a number of specific scientific issues that must be considered as
conjugate vaccines continue along the development pipeline. For instance,
researchers need to determine how many pneumococcal polysaccharide antigens
can be incorporated into a single vaccine using the same carrier proteins. They
would also like to know what sorts of immunization schedules and routes of
immunization will be most practical. Another important question is whether
more than one type of protein carrier can be combined into one vaccine for
several diseases (for example, Hib glycoconjugate plus S. pneumoniae).

In the long term, however, it is the complexity of making pneumococcal
conjugates that seems to pose the greatest challenge in the developing-world
context. A number of developing nations are now able to make DTP reliably,
and some are working collaboratively with developed-world manufacturers to
combine this trivalent "platform" vaccine with newer products, such as hepatitis
B. However, the DTP vaccine is in flux: a new acellular pertussis component
will soon be substituted for the current whole-cell version, and the implications
of this change for the D and T components are unclear. As the number of
available vaccines increases and the costs of newer formulations rise, donor
agencies are less able to provide vaccine. This creates pressure for developing
nations to build domestic manufacturing capacity. The movement toward vaccine
self-sufficiency (whether through direct purchase of vaccine or indigenious
manufacturer) is proceeding despite significant quality control and regulatory
concerns. (See page 29.)

Developing countries may be reluctant to incorporate pneumococcal
conjugates into their immunization programs, given the limited serotype
coveragell of candidate vaccines. The median coverage of two proposed seven­
valent pneumococcal vaccines (the Merck and Lederle-Praxis formulations) is
below 70 percent in the group of developing-world countries for which data are
available. l2 Given the mortality and morbidity caused by pneumococcal
infection, however, even an incomplete vaccine may have a substantial impact
on adverse outcomes. Coverage could be increased through the addition ofmore
serotypes, but this would probably add substantially to the cost of the final
product. Each additional serotype adds a diminishing amount of coverage, since
rarer serotypes cause a small proportion of overall disease. Vaccine cost might

10 George Siber.
II "Coverage," as used here, means the proportion of infections caused by serotypes

that are included in a particular vaccine formulation.
12 Pneumococcal Conjugate Vaccines: Report ofa Meeting, World Health Organiza­

tion, Programme for the Control of Acute Respiratory Infections, November 1993.
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be reduced, and vaccine efficacy or immunogenicity enhanced, through
improvements in the conjugation process.

The obstacles facing the development of conjugate vaccines (Box I) and
their use in less-developed countries suggest to some that alternative strategies
need to be considered. Researchers have for a number ofyears been working on
one such approach, common-antigen vaccines, and initial results in animals look
promising. Common antigens are "common" because they are identical or very
similar across all pneumococcal serotypes and therefore may provide broad
protection when used to immunize. Since these antigens theoretically could be
produced in bulk via recombinant technology and would not have to be
conjugated, they would be considerably cheaper than glycoconjugates. Of the
common-antigen candidates, pneumolysin and pneumococcal surface protein A
(PspA) have been the most studied. No common-antigen vaccines for
pneumococcal disease have yet been tested in humans.

Pneumolysin, a cytoplasmic protein, can damage ciliary surfaces of
respiratory epithelial cells and cause lesions in the lung that resemble those
caused by pneumococcal pneumonia The protein also can fix complement,
which may be one of the ways it acts as a virulence factor. Mice infected with
pneumococci that do not make pneumolysin may survive many days longer than
mice infected with normal pneumococci. Other studies find that the survival
time ofmice immunized with pneumolysin and then infected with S. pneumoniae
is significantly lengthened compared with infected animals that are not
immunized. But even immunized mice remain bacteremic.

In contrast, PspA can rid the experimental animals' bodies ofpneumococci.
Some strains of mice immunized with PspA are completely protected against
death, while others succumb but survive longer than their nonimmunized
counterparts. Scientists are working to understand why all animals are not
protected equally. Since PspA is both serologically variable and cross-reactive,
it is possible a mixture of such proteins will be more immunogenic than a single
surface antigen. Despite the limitations of the animal models, some suggest that
clinical trials should be initiated to evaluate the potential of common-antigen
vaccines. It is hoped a successful common antigen (or combination of antigens)
would complement a vaccine's glycoconjugate components. Efforts to conjugate
common-antigen proteins to capsular polysaccharides have so far not been
successful.13 In any case, studies on common-antigen vaccines should not be
conducted in lieu of research to develop glycoconjugate vaccines; both
approaches should be vigorously pursued.

13 Jan Poolman.
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BOX I Conjugate Technology for the Developing World-Issues
and Potential Problems: S. 1'neIlmonioe Vaccines

• Incomplete serotype coverage
• Variable immunogenicity
• Possible limited effectiveness
• Potential for ecologic replacement
• High manufacturing costs
• Quality control cballenge
• Difficult technology transfer
• Complex delivery (multiple dosesIinjection)

SOURCE: Russell, 1994.

Currently available vaccines against N. meningitides-awsed meningitis are
far from optimal, particularly with respect to the population most relevant to the
CVI: children. The existing polysaccharide vaccines against serogroups A and
C-the most prevalent types in the so-called meningitis belt-provide little or no
protection in children under 18 months of age. In addition, the duration of
protection of a single dose of Group A vaccine is less than 2 years in children
I to 4 years of age. For these reasons, AlC polysaccharide vaccines are used in
all U.S. military personnel, and many thousands of doses are used for epidemic
control. Researchers have developed and are testing in humans a meningococcal
AlC conjugate vaccine, which they hope will be immunogenic in infants.

The capsular polysaccharides of the group B meningococcus, which causes
disease primarily outside of the meningitis belt, are poorly immunogenic in
adults and children. One possible explanation is the group B polysaccharides'
similarity to sialic acid moieties on human tissue. Therefore, vaccine researchers
have focused their efforts on alternative cell-surface antigens. These include the

14 Unless otherwise noted, material in this section is based on presentations by
Wendell Zollinger and Carl Frasch.
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transferrin-binding proteins, chemically modified group B polysaccharide
conjugated to a carrier protein, meningococcal lipopolysaccharides, and the outer
membrane proteins (OMPs).

Several vaccines based on OMPs have been assessed in clinical trials.
Results from the most recent of these studies indicate the vaccines can be as
much as 80 percent efficacious in those over 4 years of age. In younger
individuals, however, efficacy drops significantly. And in those initially
protected, antibody responses are not long lasting, even when a booster dose of
vaccine is administered. At least in one study,15 the bulk of the antibodies
produced by immunization did not have bactericidal activity, suggesting the
antibody response may be directed against the wrong OMP epitopes.

Some of these shortcomings might be overcome (Box 2). For example, one
step might be to eliminate the class 4 OMP in order to avoid the induction of
"blocking" antibody-antibody that may interfere with an otherwise protective
immune response. However, recent work by investigators at the Walter Reed
Army Institute of Research revealed very little difference in bactericidal titers
between vaccines containing class 4 OMP and those without these proteins.
More effective adjuvants, such as QS-21 (a plant-derived glucoside) and MPL
(monophosphoryllipid A), and increasing the number of doses to three, might
also improve vaccine efficacy. In a Chilean study of a group B vaccine,16
antibody response among vaccinees continued to increase even after the last dose,
suggesting that subsequent natural infection, or carriage, served to enhance the
immune response. Researchers may want to evaluate mucosal (intranasal)
immunization with native antigens in order to mimic the booster effect seen with
natural carriage.

One important unresolved question in the design of group B vaccines is
whether or not protection is serotype specific.17 An additional concern is that
OMP is a complex antigen, containing many proteins, lipopolysaccharides, and
even some capsular polysaccharid~all of which may stimulate the production
of antibodies. Researchers currently have no way of knowing which antibodies,
or combinations of antibodies, are responsible for immunologic protection. II

Scientists for years have set their hopes on a meningococcal vaccine that
would provide protection against all three primary serogroups. Given the
difficulty in developing an effective group B product and the progress that is
being made toward an effective AlC conjugate, however, a wiser strategy might

15 Zollinger, WD, Boslego, J, Moran, E, Gracia, J, Cruz, C, Brandt, B, et al., The
Chilean National Committee for Meningococcal Disease: Meningococcal serogroup B
vaccine protection trial and follow-up studies in Chile. NIPH Annals 14:211, 1991.

16 See footnote 15.
17 Claire Broome.
IIHelena Makela.
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BOX 2 Possible Approaches to an Improved Neisseria menigitides
Group B Vaccine

• Eliminate the class 4 OMP to avoid inducing blocking
antibodies

• Employ multivalent vaccines strains that express multiple
subtype determinants

• Use more effective adjuvants
• Alter the vaccine schedule to include three doses of vaccine
• Evaluate alternative vaccine approaches and antigens (LPS,

iron-uptake proteins, B polysaccharide conjugates, etc.)
• Evaluate mucosal (intranasal) immunization with native

antigens to mimic carriage

SOURCE: Zollinger, 1994.

be to focus on the conjugates.19 It may be that an AlC conjugate vaccine should
be combined with Hib rather than with a group B meningococcal vaccine.

Still, a single vaccine directed against A, B, and C meningococci would be
potentially of great value, since together the three serogroups account for over
90 percent of all meningococcal-caused meningitis. Such a formulation might
consist of group A and C polysaccharides, each conjugated to tetanus toxoid,
combined with group B outer membrane vesicles from class 2 and class 3
expressing strains (which also contained class I and class 5 proteins). For
maximum effect, a booster dose would need to be given 8 to 9 months after the
primary series, and perhaps again 2 to 4 years later.

PROVING VACCINE EFFICACY: THE CHALLENGE
OF DEVELOPING-COUNTRY FIELD TRIALS20

Accurate diagnosis is essential for understanding the extent and basis of
pneumonia infections. Yet, the three traditional methods for diagnosing bacterial
pneumonia-utilizing blood culture, lung aspirates, and sputum cul~are far

19 Emil Gotschlich.
20 Unless otherwise noted, material in this section is based on presentations by Claire

Broome, Helena Makela, and Myron Levine.
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from perfect. Although blood culture assays are highly specific, they are
insensitive (even under ideal conditions, only about 20 percent of pneumococcal
disease can be accurately detected, for example); methods that look at lung
aspirates, while producing more sensitive results, are difficult to perform even
in the research setting; and because of the problem of frequent carriage, sputum
sampling gives relatively nonspecific (and insensitive) information.

The availability of accurate diagnostics would make it possible to define the
public health impact of pneumonia, characterize its epidemiology, and would
facilitate studies ofviral-bacterial interactions in ARI. Diagnostic capability also
would give scientists a tool for estimating the potential impacts of conjugate
vaccines, a critical factor in convincing developing-country health ministers to
include ARI vaccines in their immunization programs. Finally, accurate
diagnosis of pneumonia would have a direct, positive impact on the conduct of
ARI vaccine studies (Box 3).

BOX 3 Impact of Accurate Diagnosis of Bacterial Pneumonia on
Vaccine Trials

• Increased ability to evaluate efficacy against nonbacteramic
disease

• Improved ability to evaluate population-based impact
• Potentially reduced diagnostic bias in case-control studies
• Potentially improved information on vaccine formulation
• Decreased sample size for prospective randomized controlled

trials

SOURCE: Broome, 1994.

A number of laboratories are exploring PCR (polymerase chain reaction)
techniques to improve diagnostic accuracy. While some of their results look
promising, PCR may not increase sensitivity beyond that achieved with blood
culture. Diagnostic methods based on antigen detection were thought to show
promise. Some tests using latex agglutination reagents-for example, to identify
Hib infection-successfully flag 90 percent or more of bacteremic patients, based
on antigens found in their serum or urine. Unfortunately, these sorts of studies
have often failed to include a control group of healthy carriers. When that is
done, antigen-detection assays frequently are found to misclassify as positive a
significant proportion of individuals who are carriers. (Similarly misleading
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results have been seen in tests designed to detect neonatal sepsis.) Soluble
antigens may be distributed systanically from carriage strains, allowing
absorption of polysacd1arides detedable in senun and urine, when in fact the
underlying infection is viral.21 Accuracy may also vary what a diagnostic kit
tested in a controlled setting, such as a hospital. is evaluated in a community
setting~ pneumonia incidence is relatively low but carriage is high. Finding
a way to preserve and share epidemiologically and bacteriologically characterized
specimens would aid efforts to evaluate newly developed diagnostics.

Although saddled with less than perfect diagnostic tools, researchers
nevertheless are evaluating in humans vaccines against a number of ARI
pathogens, including S. pneumoniae and Hib. Unfortunately, the classic double­
blind randomized placebo-controUed efficacy trial is not ideally suited to vaccine
studies. For one thing, it may sometimes be difficuh to include a placebo group
in such a way that is acceptable to the participants. And while recordkeeping in
controlled clinical trials is often problematic no matter what the setting, it
frequently poses a much greater challenge in the developing world. Elaborate,
large-scale clinical studies are also expensive and time consuming.

While randomized clinical trials are central to evaluating vaccine efficacy,
some information about vaccine effectiveness may be obtained via hospital-based
surveillance of pneumonia in already-vaccinated populations. Using this
approach, all children admitted to a hospital with severe pneumonia or other
severe disease would have blood cultures taken. The type and number of
pathogens identified during this process would be compared with their expected
distributions, based on previous blood-culture studies. By looking specifically
at the incidence of infection with the vaccine-type organism, one could begin to
get a picture of vaccine efficacy, even in less than ideal circumstances (Box 4).
A number of useful comparisons might be made, including between pre- and
postvaccination disease rates, Because it does not require vaccination records to
provide useful information, surveillance may prove more useful in the
developing-world setting than the case-control paradigm.

A recent postlicensure Hib trial in Chile illustrates another way developing
or transitional countries can obtain useful information about vaccine effectiveness
without investing in traditional double-blind, placebo-<:ontrolled studies. After
epidemiologic research implicated Hib as the cause of meningitis outbreaks,
Chilean health officials began to consider adding the vaccine to the group of
vaccines administered under the Expanded Programme on Immunization (EPn.
Before making a long-term commitment to purchase the conjugate, however, they
wanted proof that the vaccine would reduce disease incidence. Since Hib bad
already been licensed, it was the public health impact (effectiveness) rather than
the biological activity (efficacy) that was at issue.

21 Gerald Fischer.
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BOX 4 Surveillance Gives Infonnation About Impact (Effectiveness)
When:

• Vaccination coverage is less than 100 percent;
• Vaccination misses important risk groups;
• Infants are not vaccinated at the ideal age;
• Many may receive only 1 or 2 doses;
• Vaccine quality may not be ideal; and
• Serotypes vary.

SOURCE: Makela, 1994.

Participants in the study were drawn from 71 urban health centers in
metropolitan Santiago. Children using 36 randomly selected centers received Hib
vaccine with DTP; children in the other 35 centers received DTP only. Nearly
100,000 people were enrolled in the study. Using standardized bacteriologic
methods, investigators at the centers gathered routine diagnostic surveillance data
for 20 months. The vaccine proved to be 89 percent effective. Based on these
results, the Chilean government plans to incorporate Hib into the country's EPI
schedule sometime in 1996.

Despite the availability of alternative strategies, there continues to be
considerable debate about whether, or at what point, these other approaches
should take the place of randomized controlled trials for evaluating vaccines in
the developing world. In the case of pneumococcal vaccines, a group of experts
convened by the World Health Organization in 1993 agreed that a phase III
randomized controlled trial was essential for a manufacturer to get usable efficacy
data on a pneumococcal vaccine, while developing countries had a legitimate
interest in conducting phase IV studies to obtain infonnation on effectiveness.22

Still, many feel there is no substitute for a randomized controlled trial to
determine whether a pneumococcal vaccine reduces both mortality and the
proportion of individuals hospitalized with pneumonia (and perhaps ALRI). In
addition, a randomized trial can reveal a vaccine's impact on the incidence of
severe pneumonia, which may be crucial for convincing countries of the
vaccine's benefits. This is true even in the absence of specific diagnosis of
nonbacteremic pneumococcal pneumonia, since the large sample size of such a
study would probably allow documentation of a reduction in the incidence of

22 See footnote 12.
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severe disease. Furthermore, if the vaccine is highly efficacious, a randomized
trial may provide useful infonnation about the proportion of severe pneumonia
caused by the vaccine-type pneumococci. This infonnation is impossible to get
in a postlicensure study, since those who get vaccine in an uncontrolled setting
usually have very different risk factors for disease and different likely access to
diagnostic testing (i.e. blood culture).23 Vaccine makers themselves may push for
more than one randomized study to obtain pivotal trial-quality data24 Indeed,
there may be some benefit in conducting identically designed efficacy trials in
many parts of the world at once, as was done with typhoid vaccine in the
1960s.25

The Public-lPrivate-Sector Interfaee26

The interface between the public and private sectors is different at each point
along the vaccine R&D pipeline. Similarly, the sources of funding, the forces
driving the system, accountability, and risks associated with R&D vary according
to the perspective of the participant (Table 2).

During the early phases of research. when there is undefined potential and
significant risk, industry may directly fund projects in public-sector labs or it
may work collaboratively with the public sector. Later stages of vaccine
development, which require major resources and long-term facility use, tend to
be unique to industry, however.

Clinical research presents a number of opportunities for useful interactions
between industry and others in both the developed and developing world. It is
desirable, particularly for vaccines for the developing world. that these contacts
be made as early as possible in the clinical-testing process. Manufacturing is
capital intensive, and transferring to the developing world the ability to make
vaccine is an extremely complex process. Even so-called tum-key operations,
in which a modem plant is built from the ground up and staffed with trained
personnel, can be plagued with problems related to product consistency and
process validation.

From industry's point of view, one major downside of interacting with the
public sector is potential loss of control of the research process. This may
happen, for instance, when a clinical trial being conducted by the government
with vaccine supplied by industry goes awry, producing data that may not be

23 Claire Broome.
24 George Curlin.
2S Myron Levine.
26 Unless otherwise noted, the material in this section is based on prescntations by

Frank Malinosk~ Dale Spriggs, and George Curlin.
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TABLE 1 The Public-lPrivat~SectorInterface

Nonprofit
Government Academia Institute Industry

Resources Taxes Government or Donations Shareholders
industry support

Driving forces Epidemiology Resource Competition
and politics constraints and profit

Accountability Congress Board of Board of Board of directors
directors directors and regulatory

authorities

Risks Minimal Minimal Minimal Litigation

SOURCE: Malinoski, 1994.

acceptable to regulators. Although not directly responsible for these results, the
irrm may nevertheless have to answer to its shareholders for them. Industry is
concerned also about who owns the rights to products developed with public­
sector collaboration and what role government should play in setting the prices
for those products. Having access to intellectual property and an exclusive
license on a technology is a tremendous incentive for industry to invest in
vaccine development. However, the high price of the resulting products may
limit their availability in most parts of the developing world.

One fundamental difference between industry and the public sector is the
fonner's need to defme and penetrate a market. The vaccine industry,
particularly biotechnology companies dependent on ventur~capital funding, is
very sensitive to the availability of commercial opportunity. In the case of
human vaccines, ~quarters of current revenues come from just two regions
of the world: Europe and the United States.27 Much of the remaining money
now made from vaccine sales is sheltered in several large markets--like those
of Japan and Chin~at are virtually closed to the outside world. Vaccine
purchased by the Pan American Health Organization and UNICEF accounts for
roughly 5 percent of worldwide vaccine revenues. Presently, a relatively small
share of the world's vaccines is sold to developing-world nations.

The public sector can provide both "push" and ''pull'' to enhance the
productivity of vaccine research and production. A major push factor is the

27 World Human Vaccine Markets-Over 60 Products: Which Competitors Are
Attacking Viruses? Frost & Sullivan, Inc., 1993.
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money provided by the government that supports basic research at universities
and private research institutions. To some degree, agencies themselves can help
focus this research on areas of particular relevance to vaccine development. The
National Institutes of Health (NIH) is providing additional push through its new
Clinical and Regulatory Affairs Branch (part of the National Institute of Allergy
and Infectious Diseases). Branch staff are a source of information on regulatory
matters for university-based scientists working on products of potential interest
to industry. The NIH also can make pilot lots of vaccine suitable for early-phase
clinical testing and, through its Vaccine and Treatment Evaluation Units, can
support a limited number of vaccine trials. An 10M panel suggested recently
the need for a National Vaccine Authority, which among other tasks would take
on early-stage development of certain vaccines destined for developing-world
use,28

The public sector may exert its strongest influence by establishing policies
that reduce the number of risks industry must take in developing vaccines. In
the United States, two independent groups-the Advisory Committee on
Immunization Practices and the American Academy of Pediatrics' Red Book
Committee-exert an especially strong pull by setting national immunization
standards. These standards have the effect of creating a market where none may
have existed before. The uncertainty of developing a vaccine might be further
reduced if the two advisory groups established criteria for adding a vaccine to
the set of recommended immunizations before the product is licensed.29

INTRODUCING AN EFFECfIVE VACCINE30

As newer, more expensive vaccines, including conjugates, come on the
market, cost will figure increasingly in decisions about whether or not these
products are used in a developing-country setting. Cost-effectiveness analysis
provides useful information for policymakers charged with making these
decisions. The CDC, as part of a larger effort coordinated by WHO and the
London School of Hygiene and Tropical Medicine to look at pneumonia
prevention, has developed global cost-effectiveness estimates for H influenzae
and pneumococcal vaccines.

According to CDC, there are some 8.8 million cases of H influenzae
pneumonia, and 464,000 H influenzae-caused pneumonia deaths worldwide in

28 The Children's Vaccine Initiative: Achieving the Vision. National Academy Press,
1993.

29 Donald Shepard.
30 Unless otherwise noted, the material in this section is based on presentations by

Benjamin Schwartz, Maria Costales, Otavio Oliva, George Siber, and Ciro de Quadros.
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young children each year. The agency estimates that about 60 percent of these
deaths are caused by infection with Hib. An additional 25,000 deaths in this age
group result from Hib-related meningitis. Assuming that the Hib vaccine is
administered with DTP and that vaccine coverage averages about 70 percent for
each of three doses, as many as 167,000 deaths, or roughly half of those
expected, could be averted. If herd immunity were established, 90 percent of
expected deaths could be prevented.

Based on a cohort of 127 million children, a vaccine cost of$l, and vaccine
wastage of 50 percent, it would cost $276 million (for a two-dose vaccine) or
$413 million (for a three-dose vaccine) to achieve these results. There would be
no additional expense associated with delivering the vaccine, since it would be
mixed in a vial with DTP. Adding the costs of side effects (between $2.3 and
$3.5 million) and subtracting treatment expenses that were not incurred (about
$3 million), CDC calculated the costs per death averted, with no herd immunity,
at between $1,640 and $2,881 (Table 3). Hib cost-effectiveness is highly
dependent on vaccine pricing. The current U.S. public-sector price for Merck's
Hib conjugate is $5.50 per dose; using this figure in the calculation yields a per­
death-averted cost of $9,020.

TABLE 3 Cost-Effectiveness of Immunization with Hib Conjugate

Cost per Death Cost per Case
Averted Averted

HbOC (Connaught)

PRP-GMP (Merck)

PRP-GMP with herd immunity

$2,628-$2,881

1,64~2,331

994

$462-$506

288-410

140

NOTE: It is assumed that all vaccines are administered with DTP.

SOURCE: CDC, 1994.

Brazil recently undertook a cost-effectiveness analysis of Hib vaccine,
focusing on the vaccine's role in preventing meningitis rather than pneumonia3

'

Based on data from 1992, public health officials there estimated the country
experiences 1,547 cases ofHib-caused meningitis each year in children under age

3'lt should be noted that this analysis did not attempt to calculate the value of lives
saved or of disability averted through the usc of Hib vaccine.
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2. The costs of treating these cases, 7 percent of which could be expected to
result in severe neurological problems, would run to $24 million. Assuming the
price of vaccine is $9,32 it would cost almost $137 million to completely
immunize Brazil's under-age-2 cohort, a group of some 6.5 million. This is
considerably more than the $54 million the country spent in 1994 to purchase all
of its other vaccines. Without a significant drop in the price of the Hib
conjugate-perhaps through bulk importation and local filling, or local
production (involving technology transfer}--Brazil will probably not add this
vaccine to its immunization armamentarium.

In the Philippines, some health officials expect that the Hib vaccine will be
the next vaccine introduced into that nation's immunization program. Hib
vaccine is a high priority in the country, since pneumonia is the leading cause
of death among all Filipinos and is the second most common cause of death
among Philippine infants. The Philippines, along with a number of other
developing nations, is taking part in the Vaccine Independence Initiative (VII),
established by UNICEF and USAID. The VII is a revolving fund that allows
countries to purchase vaccine with their own currency and to pay upon receipt
of vaccine. There is concern, at least among health officials in some of the
participating countries, that the VII will not be sufficiently capitalized with hard
currency to allow the purchase of expensive, new vaccines.

While the potential cost and cost-effectiveness of Hib immunization are
daunting, programmatic and technologic improvements could be made that would
reduce these outlays. By decreasing the age of immunization, for instance, more
deaths and cases could be prevented. Increasing vaccine coverage, ideally to the
point at which herd immunity takes hold, could similarly save more lives.
Cutting vaccine wastage in half would lower the cost per death averted by 17
percent. Decreasing the number of vaccine doses required, improving vaccine
efficacy, and lowering vaccine production costs all would improve cost­
effectiveness.

In the case of S. pneumoniae, CDC estimates that there are 1.127 million
pneumococcal deaths each year around the world. (The agency notes that the
assumptions and models used to generate this mortality figure are subject to
revision.) Based on serotype data from the developing world, Merck's seven­
valent pneumococcal vaccine would cover about 60 percent of cases, while
Lederle-Praxis' formulation would cover about 68 percenL The vaccines would
annually prevent between a quarter and nearly one-third of all pneumococcal
deaths. Herd immunity would boost this to 650,000 deaths prevented, or nearly

32That the price quote for Hib was higher than the U.S. public-sector price probably
reflects the fact that the number of doses to be purchased was relatively small and the
supply contract was short term. Both factors would drive up the cost of vaccine (Otavio
Oliva; personal communication. 1995).
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70 percent of the expected total mortality. A common-antigen vaccine,
theoretically covering all pneumococcal serotypes, would avert some 510,000
deaths each year. If the price of the conjugate vaccine were $5 per dose and
three doses were given, the cost per death averted would be between $6,000 and
$7,000; the cost per death avoided with the common-antigen vaccine (also three
doses, priced at $1 per dose) would be less than $800 (Table 4). As with Hib,
these calculations take into account the projected additional expense resulting
from side effects and the expected savings from reduced treatment costs.

TABLE 4 Cost-Effectiveness of Immunization with Pneumococcal Conjugate

Cost per Death Cost per Case
Averted Averted

Merck $6,823 $389

Lederle-Praxis 5,948 340

Lederle-Praxis with 3,155 168
herd immunity

Common antigen 759 43

NOTE: It is assumed that all vaccines are administered with DTP.

SOURCE: CDC, 1994.

Although direct purchase of conjugate Hib, pneumococcal, and
meningococcal vaccines may be an option for some developing countries, for
many those costs will be insurmountable. Other options will need to be
explored. The purchase of bulk conjugate vaccine for combination with locally
produced DTP is one such option. But for many poor nations, even the expense
of bulk vaccine will be prohibitive.

Another alternative is to transfer conjugate vaccine production technology
to the developing world. Indeed, given the potential size of the vaccine market
in developing nations, it is highly unlikely that developed-country manufacturers
alone could meet that need. Ultimately, indigenous production may be the only
way poorer regions of the world will be able to afford to immunize their
children.33 To produce these vaccines, developing countries must develop the

33 William Hubbard.
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capability to perfonn and control technically complex manufacturing
processes-not an easy undertaking. This will require a variety of collaborative
ventures between and among developed- and developing-country vaccine makers.
Public-sector manufacturers in the developed world could play a useful role by
facilitating these interactions. The International Vaccine Institute, recently
established in Seoul, Korea, has as one of its goals the promotion of public-/
private-sector collaboration in vaccine development, with a focus on the needs
of developing countries in Asia.

According to one proposal, the elements of a successful vaccine technology
transfer effort will need to address strategic, scientific, training, and licensing
issues (Table 5). The strategy ofcombining conjugate vaccines with DTP is now

, seen as the best approach by those involved in the CVI. Having highly purified
D, T, and P may allow these components to serve as carriers in the conjugate
vaccines, and simplifYing the conjugation process will increase yields and reduce
costs. Vaccine staff in developing countries will need training in practical
subjects (good manufacturing processes, quality assurance and quality control,
production methods, animal testing, serology, computerized record keeping) as
well as theoretical topics (polysaccharide and protein chemistry, microbiology,
and biostatistics). Such training might involve partnerships between public- or
private-sector vaccine manufacturers in the United States and other industrialized
countries and university or government laboratories in the developing world.
Bilateral manufacturing agreements, allowing access to vaccine production know­
how and patented technology, would be essential.

TABLE S Vaccine Technology Transfer to the Developing World: Elements
of a Solution

Strategic (CVI)

Scientific (manufacturers
and universities)

Training (manufacturers and
universities)

Licensingltechnology transfer
(manufacturers)

SOURCE: Siber, 1994.

• Combination vaccines with DTP

• Use highly purified diphtheria, tetanus, and
pertussis components
• Simplify and increase yields of polysaccharide­
protein conjugation
• Maximize immunogenicity ofboth pertussis and
protein in conjugates

• Good manufacturing practices
• State-of-the-art production methods
• Clinical investigation

• Bilateral agreements
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Historically, inefficiencies in production have limited the availability of
newer vaccines outside of the developed world. For instance, acellular pertussis,
while less likely to cause adverse reactions than its whole-cell counterpart, is also
considerably more expensive because so much of the vaccine is lost during the
manufacturing process. Yet, acellular pertussis may be a key element of
successful technology transfer based on the DTP platform. There now are
technologies available (involving pertussis toxin CRM), however, that can
increase acellular yields threefold. The complexity and inefficiency of
conjugation have similarly kept that technology out of the hands of developing­
country vaccine makers. However, some manufacturers' yields have jumped
considerably over the past 2 years, and additional improvements are possible.

Technology transfer, bulk purchase, participation in revolving funds, and
other approaches for getting vaccine to children in the developing world will
have little impact unless these countries want to take these steps. Indeed,
national commitment may be one of the most important, albeit least tangible,
requisites for improving childhood immunization. The successful polio
eradication experience in the Americas revealed the importance of high-level
political consensus about the importance of childhood immunization. This
political commitment was backed up by a financial one: Over the program's
lifetime, participating nations spent more than $500 million of their own money
on eradication efforts. Conversely, political instability can have dramatic
negative effects on public health initiatives. Such was the case recently in
Nigeria, where measles immunization coverage rates for those under age 2 fell
from a reported 80 percent to as low as 25 percent in some regions during a
period of political unrest.3

•

Perhaps equally important to political commitment is popular demand. It is
often only when there is grass-roots support for vaccination that barriers such as
cost can be overcome. Public awareness of the need for vaccination sometimes
can be misguided, however. This may have been the case in Brazil, which has
recently purchased large amounts of group B meningococcal vaccine to battle
endemic meningococcal disease but has opted not to buy Hib vaccine, which
might have greater benefits over the long term.35

In the Americas, coordination was crucial to polio eradication, and similar
cooperation between developing-world nations may be important as vaccine
technology transfer moves ahead in other parts of the world. A revolving fund
for vaccine purchase established by PAHO removed many hard-currency
concerns during the fight against polio. The infusion ofsome $200 million from
Rotary International also played a key role. In addition, during the eradication
program, countries in the region developed close working relationships with

3. Catherine Oyejide.
JS Donald Shepard.
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vaccine manufacturers. This not only allowed the efficient procurement of
vaccine, it also facilitated cooperative problem solving around a variety of
technical concerns.



Involving the U.S. Public and
Private Sectors in the CVI

INTRODUCTION

Public- and private-sector participants in this workshop heard a number of
interesting and, in some cases, provocative presentations. Speakers addressed the
role of the United States in the Children's Vaccine Initiative (CVI); the
implications of the new United Nations Children's Fund vaccine procurement
strategy; the history of and prospects for differential pricing of U.S.-made
vaccines; and the transfer of vaccine technology to the developing world.
Consensus was neither sought, nor obtained, on any particular point. Still, the
level ofhonest exchange helped to illuminate, ifnot completely eliminate, certain
areas of misunderstanding.

A number of key ideas emerged from the presentations and resulting
dialogue. First, the ability of U.S. vaccine manufacturers to rely on multi-tier,
or differential, pricing of vaccines will be critical to their participation in the
CVI. Second, the development of markets for vaccine in the developing world
(through such efforts as the Vaccine Independence Initiative) will make it more
likely that U.S. vaccine and biotechnology firms will decide to sell products in
these regions. Third, the U.S. Vaccines for Children initiative, because it
imposes a price cap on the current set of childhood vaccines administered in the
United States, may reduce industry investment in research on new and improved
vaccines. Fourth, efforts at vaccine technology transfer often falter because they
fail to take into account the needs and capabilities of developing-country
manufacturers. Finally, a strengthening of global public-sector vaccine
manufacturing capability may be a key ingredient to a comprehensive approach
to vaccine technology transfer.

27
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BRINGING CLARITY TO THE CVI "VISION"

The CVI was launched 5 years ago at the World Summit for Children in
New York City. The goal of the CVI is to harness new technologies to advance
the immunization of children. A specific, long-range aim is the development of
an "ideal" pediatric vaccine. This vaccine would be given orally near birth in
a single dose, be heat stable, contain multiple antigens, be effective against
diseases not currently targeted, and be affordable.

Although its fundamental objective has not changed, the CVI has evolved
over time. Early on, for example, CVI planners recognized the need to broaden
the scope of the initiative. As a result, the CVI is addressing not only the
development of new and improved vaccines, but also such issues as vaccine
quality control and global vaccine supply. More recently, two ideas have
emerged that are helping to guide much of what the CVI does. The first is that
DTP vaccine should serve as the "platform" upon which scientists build
multicomponent combination vaccines; the second is that efforts to improve
immunization need to take into account regional differences in populations,
disease epidemiology, and technical expertise.

In 1994, the World Health Organization (WHO) underwent a major
restructuring, in large part to meet the needs of the CVI. A key result was the
creation of the Global Program on Vaccines, which now oversees the Expanded
Programme on Immunization (EPI), the Programme for Vaccine Development,
and WHO's vaccine supply and quality-control operations. Although the director
of the Global Program on Vaccines serves as the executive secretary of the CVI,
the CVI remains independent of this new entity. As before, a committee
composed of representatives of the five founding organizations36 provides the
CVI with direct governance. Perhaps most important, the WHO reorganization
has clarified the CVI's mission: Through the efforts of its various advisory
bodies, the CVI will help guide those working to develop improved children's
vaccines; implementation of this vision will be left to others-individuals,
institutions, and governments.

36 The founders of the CVI are the Rockefeller Foundation, the United Nations
Development Program, the United Nations Children's Fund, the World Bank, and the
WHO.



INVOLVING THE u.s. PUBLIC AND PRIVATE SECTORS IN THE CVI 29

TRENDS IN THE GLOBAL VACCINE SITUATION

Industry Characteristics

Concerns about the anticipated high cost ofsome newer vaccines-especially
those produced with so-called conjugation technology-as well as fears of price
hikes for the current set of EPI vaccines37 prompted the United Nations
Children's Fund (UNICEF) and the WHO to commission an analysis of the
commercial aspects of global vaccine supply.38 The analysis focused on the firms
that sell vaccine to UNICEF.39 Among its many fmdings, the study revealed that
vaccine manufacturing is a largely fixed-cost activity (Box 5). That is, to a
greater extent than in many other sectors, production efficiency in the vaccine
business rises dramatically with increasing volume. This means that relatively
fewer additional man-hours are needed for a given boost in production volume.
This advantage holds true only ifthe manufacturing facility is appropriately sized
from the start, however.
There has also been a general consolidation of the worldwide vaccine industry,
reflected by strategic alliances between and among companies on both sides of
the Atlantic. According to industry officials, these mergers are driven largely by
the desire to access technology and share intellectual property in order to develop
combination vaccines. What impact these mergers may have on industry
involvement in the CVI is unclear. For their part, U.S. biotechnology companies
involved in vaccine R&D report that they require generally lower profit margins
than big industry (because of lower fixed overhead costs) and have a greater
interest in pursuing products of potential use in the developing world. However,
in order to attract investors, biotechnology firms may be even more dependent
than large vaccine makers on evidence of markets for prospective vaccine
products.

Local Production and Self-Sufficiency

Although UNICEF and others have been concerned that rising vaccine
demand and prices would exceed the ability of the fund to provide EPI vaccines
to the developing world, this appears not to be the case. UNICEF purchases

37 EPI vaccines target seven diseases: diphtheria, pertussis, tetanus, tuberculosis,
polio, measles, and hepatitis B.

31 The study, a summary of which was published by UNICEF, was conducted by
Mercer Management Consulting.

39 U.S. vaccine manufacturers, who have not sold vaccine to UNICEF since the early
1980s, were not included in the analysis.
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BOX S The Economics of Vaccine Manufacturing

• Three cost categories: variable, batch fixed, site fixed
• Fixed-cost categories represent about 85 percent of

manufacturing expense
• Marginal cost per dose of producing additional vaccine is

significantly lower than the full cost per dose of lower
production volume

• UNICEF purchases cover suppliers' fully marginal and
marginal production costs

SOURCE: Adapted from summary of Mercer study of commercial
vaccine supply, UNICEF, 1994.

some 525 million doses of EPI vaccines each year, equal to about 15 percent of
the worldwide sales of these products. The fund is paying more per dose for
these vaccines now than in the past, but this is due mainly to the decline in value
of the U.S. dollar. In fact, over the last decade, the prices of vaccines purchased
by UNICEF have remained relatively stable. Worldwide, the total production of
EPI vaccines has been increasing at a steady 7 percent per annum; however, the
volume of UNICEF-purchased EPI vaccines has been declining since 1990,
primarily in response to rising local production of these vaccines. According to
Mercer Management Consulting, local production has risen at an annual rate of
10 percent over the last 10 years. Indigenous production facilities, including
many in the developing world, have become major sources of vaccine in the
world. For instance, India and China together account for more than two-thirds
of all local production of EPI vaccines.

An additional factor altering the landscape of the global vaccine market is
the move toward self-sufficiency. About 70 percent of EPI vaccines now are
purchased by the nations that use them. Countries buying their own vaccine may
be motivated by any number of factors, including national pride and the desire
for an inexpensive, secure supply of vaccine. Part of this trend is the result of
the Vaccine Independence Initiative. Launched by the UNICEF and the U.S.
Agency for International Development in 1992, the initiative is a revolving fund
that helps countries purchase childhood vaccines using local currency. UNICEF
then uses these monies to administer its prograins in the purchasing country. The
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Pan American Health Organization has operated a similar revolving fund in Latin
America for the last 2 decades.

Recently, UNICEF changed its policies for donating vaccine. Now, rather
than giving vaccine to any nation that requests it, UNICEF targets donations to
the poorest countries. A workshop participant from the public health sector
predicted that this reconstituted UNICEF customer list will force many more
countries to begin buying vaccine. This increased demand, in turn, may provide
an incentive for U.S. manufacturers to enter the developing-world vaccine
market.

RESHAPING THE EPI

Despite evidence of stable prices for the current group ofEPI vaccines, there
are problems with the UNICEF purchasing system. One important limitation has
been the difficulty of correctly forecasting the yearly demand for vaccine. The
resulting fluctuations in demand have had a negative impact on suppliers. As a
partial fix, UNICEF is encouraging recipient nations to provide more timely and
accurate estimates of vaccine need. To provide greater stability for
manufacturers, the agency is considering lengthening the period of its tender
agreements from the current 2 years to 5 years. UNICEF may also divide the
vaccine it buys into two parts--a "baseload" amount of essentially guaranteed
purchases and the remainder, which would vary in quantity month by month and
would be purchased at a slight premium. Both moves are intended to assist
industry efforts to plan and manage their vaccine production capacity and
facilitate inventory control.

A key problem facing the EPI, and by extension the CVI, is how to
incorporate newer, more costly vaccines into the immunization programs of
developing countries. For new vaccines already marketed in the industrialized
world that could become part of the EPI armamentarium, UNICEF is evaluating
two alternative supply arrangements: (I) sole-source agreements, or multiyear
commitments to purchase a new vaccine from a single supplier; and (2) a
variation on this approach in which UNICEF would donate vaccine only to
selected countries, freeing the sole supplier to sell directly to other more
prosperous developing nations. Sole-source contracting does have risks, noted
one former member of the vaccine industry. The most significant is the danger
of vaccine shortages should the supplier have production problems or for other
reasons fail to meet its obligations. UNICEF is aware of this potential pitfall but
believes such arrangements may be the only way the agency can gain access to
proprietary products at an affordable price. Hepatitis B vaccine will be the first
to be purchased using one of these new supply strategies.

For products still in development-new vaccines and vaccine combinations
that form the core of the CVI vision-UNICEF is considering partnerships with
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industry on everything from applied research and development to production
scaleup (Table 6). Although UNICEF has already cofunded at least one vaccine
clinical trial, the type of collaboration now envisioned would represent a
significant shift in roles for the agency. It is unlikely that UNICEF would
directly finance such activities, but so-called partnership sourcing could become
part of a broader CVI strategy that draws support from other sources. It was
unclear at the meeting whether the changes in UNICEF's procurement strategy
will markedly increase the interest of U.S. suppliers in providing vaccines to
UNICEF.

A ROLE FOR INDUSTRY

Workshop attendees were nearly unanimous in the view that the ultimate
success of the CVI depends on the involvement of the U.S. vaccine and
biotechnology industries. Conversely, they noted, the U.S. public and private
sectors have much to gain from greater involvement in the initiative. For
instance, at least some new combination vaccines useful in the United States also
might find application in the developing world. And given the rapidity with
which infectious diseases can travel the globe, it is in the United States' best
interests to reduce the incidence of preventable illness outside its borders. In
addition, in as much as the improved health resulting from immunization
contributes to the economic growth and stability of developing and transitional
nations, encouraging industry participation in the CVI could be viewed as
benefiting U.S. foreign policy aims. Also, a robust CVI will fuel the U.S.
biotechnology industry, in which much of the most inventive applied vaccine
research occurs. Finally, by opening future overseas markets-for example, for
pharmaceuticals-involvement in the CVI could benefit the larger U.S. vaccine
manufacturers.

Barriers to Participation

Though there are clear advantages-both from a public health and
commercial perspective-to U.S. vaccine industry involvement in the CVI,
achieving such participation will be difficult. Several industry representatives
pointed to recent, strongly negative public attention focused on vaccine
manufacturers as one of the most serious obstacles. Such disapproving
sentiments seem to be based on a perception that U.S. vaccine prices are too
high, but they may be encouraged by misunderstandings of the pricing structure



TABLE 6 Possible UNICEF-Industry Partnerships

Research Developmcnt Scale-Up

Description

Suppliers

Selection Criteria

Tenns

Volume, Price
Obligation

Supplier conducts research
We provide fmancial support

One to many

Research plan and research skill of
supplier

Joint funding of research
Supplier controls decision-making

on IPRs
Supplier has first option to proceed

with research; if it dcclincs, we
can go elsewhcre

Supplier commits to cost-plus
pricing it7when vaccine is launchcd

None

Cooperate to devclop vaccinc
We support clinical trial work
We solicit govemment support
Supplier provides vaccine and expertise

Onc to many

Vaccine perfonnance, developmcnt
plan, and development skill of supplier

Supplier funds development activity
UNICEF receives right to purchase
vaccine at cost plus it7when developed

None

Supplier scales-up vaccine

One

Vaccine approval, price

Supplier incurs cost of
scale-up and production

UNICEF and supplier agree
to specific price/volume
commitments

Assuming vaccine meets
minimum perfonnance
and quality characteristics

NOTE: IPR = intellecutal property rights. SOURCE: UNICEF, 1994

w
w
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for vaccines sold in the United States.40 These negative views gained strength
early in the Clinton presidency, when concern arose over less-than-optimal
immunization rates among U.S. infants.

Despite evidence41 that cost is only a minor barrier to immunization (and
certainly not the most important), one response to the problem was congressional
enactment of the Vaccines for Children (VFC) program42. Because it caps the
prices of currently recommended immunizations at the May 1993 level and
increases the number of children who can receive free vaccine, the VFC is
expected to reduce vaccine industry revenues. One result, according to the head
of a major U.S. vaccine firm, will be reduced spending on vaccine research:3

including on CVI-type products. This concern was echoed by biotechnology
industry officials. The VFC may deal another blow to the CVI: Enactment of
the program has made the vaccine industry extremely hesitant to propose pricing
schemes-including reduced-price sales to the developing world-that might
create a backlash in the United States. (See "Differential Pricing," below.)

Interestingly, since the price cap does not now apply to new vaccines or
vaccine combinations, the VFC may have the positive (and unintended) effect of
encouraging vaccine innovation. But innovation comes with a price-literally.
The expected high cost ofvaccines developed with proprietary technologies could
delay, or perhaps even prevent altogether, the widespread use of these products
in the developing world. (It should be noted that there is nothing preventing
Congress from extending the cap to new vaccine products.) Cost is an issue both
for industry, which requires a moderate profit to support its R&D activities, and

40 Vaccine manufacturers in the United States sell their products at one price to the
private sector and at a lower price to the public sector. In effect, sales to the private
sector have helped to subsidize purchases by the public sector. Until enactment of the
Vaccines for Children program, the proportion of sales to both sectors was roughly equal.
Now, considerably more vaccine is purchased at the cheaper, public-sector price. For
more information on U.S. vaccine pricing policies, see pages 79-82 of The Children's
Vaccine Initiative: Achieving the Vision, National Academy Press, 1993.

41 See, for example, the Institute ofMedicine report, OvercomingBarriers to Immuni­
zation: A Workshop Summary, National Academy Press, 1994.

42 The VFC, enacted as part of the Omnibus Budget Reconciliation Act of 1993 (p.L.
103-66) is an entitlement program that expands the group of children eligible for free
vaccine to include those without insurance. It also provides federal funds to pay for
vaccine previously paid for by state Medicaid programs, in effect providing a windfall of
millions of dollars to many state treasuries.

43 The U.S. National Vaccine Program Office has asked Mercer Management Consult­
ing to examine this possibility as part of an in-depth look at the economics of the U.S.
vaccine industry. Mercer presented preliminary results from its study at a May 11-12,
1995, meeting ofthe National Vaccine Advisory Committee in Washington, D.C. Public
release of the Mercer findings awaits the completion of additional analyses requested by
the NVAC.
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for the developing world, where funding for health services is constrained. One
workshop participant from the public health sector speculated that for these
newer vaccines, universal immunization in developing nations may not be
possible. Instead, these countries may have to rely on more targeted-and thus
more limited-immunization strategies. Another senior public health official
urged that developing nations allocate more health dollars to preventive rather
than curative efforts.

Lack of reliable information about potential markets for vaccine in the
developing world has made U.S. industry reluctant to become involved in the
CVI. Better country-specific epidemiologic and cost-effectiveness data would
help fill this gap, one workshop break-out group concluded. (See "Determining
Vaccine Need," page 5.) in the report of the September workshop.) Industry
confidence in the existence of such markets also could be enhanced by
information sharing among the key players-U.S. manufacturers, government
officials, regulatory authorities, and developing-country representatives.
Although donor agencies can create market demand by buying vaccine for a
particular region, this approach can lead to dependency unless the recipient
country is able to begin purchasing vaccine with its own resources. Manufactur­
ers at the workshop indicated they saw no distinction between the public and
private sectors in the developing world and would oppose such "segmentation"
if it restricted their access to potential markets.

Inconsistent regulations for vaccine safety and efficacy have put a damper
on one of the most straightforward mechanisms by which industry could
contribute to the CVI: vaccine donation. To satisfy WHO standards, which
often differ from those of U.S. and European regulatory authorities, a company
wishing to donate vaccine to UNICEF may be required to conduct a number of
additional tests on its product. Few manufacturers are willing to undertake such
potentially expensive steps, one industry official stated. Yet, companies may
have a number of reasons for wanting to donate; indeed, the publicity value of
such a gesture may very well exceed the value of the vaccine itself. To be truly
useful, however, donations must meet certain criteria, including having sufficient
shelf-life, meeting the needs of the recipient country, and being packaged in an
appropriate volume.

FACILITATING GREATER U.S. INVOLVEMENT

Differential Pricing

The United States boasts one of the most technologically advanced vaccine
development and production capabilities in the world. This capacity can,
theoretically, be managed in a way that provides needed children's vaccines to
poorer regions of the world. As noted, however, there are a host of obstacles
standing in the way of such a worthy objective. Of these, cost is perhaps the
most troubling. No matter how safe and effective a vaccine; no matter how large
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a potential market; no matter what regulatory hurdles are removed; and no matter
what the public image of the U.S. vaccine industry, if a vaccine is not affordable,
it will not be used in the developing world.

Given this reality, U.S. vaccine makers will need to vary the price of their
products if the United States is to participate fully in the CVI, several workshop
participants stressed. Domestically, U.S. vaccine companies employ (in their
sales to the U.S. public and private sectors) a form of tiered, or differential,
pricing. This practice rarely extends outside U.S. borders, however. Limiting
the use of differential pricing in this way appears to run counter to international
trends. One former industry executive pointed out that tiered pricing is
becoming the rule rather than the exception as the world moves away from
controlled markets. Another workshop participant noted that European vaccine
manufacturers for decades have supported the sales of inexpensive vaccine to the
developing world through private-sector sales in the developed world. There are
no U.S. laws or regulations that prohibit tiered pricing for vaccine sold outside
the United States. Nevertheless, many inside and outside of government seem
to believe that U.S. citizens should not pay more than those in other countries
for medicinals-including vaccines-made in the United States.

With the exception of limited sales to individual countries, U.S firms have
not sold vaccine at reduced prices outside the United States since the early 1980s,
when questions about the practice arose in congressional hearings. The concern
then was that American consumers were subsidizing the sale of lower-priced
vaccine in other countries through their purchase of higher-priced vaccine in the
United States. One workshop participant maintained that Congress is now much
more cognizant of the benefits of tiered pricing and therefore would be more
receptive to policies that encourage such practices. Differential pricing may have
an additional appeal in the current cost-cutting climate on Capitol Hill: It is a
form of indirect, or "off-budget," foreign-aid spending.

If differential pricing were used by the U.S. vaccine industry to enter new
markets, the resulting increase in production volume might actually mean lower
vaccine prices for some segments of the U.S. market. This is because the
marginal costs ofproduction would be distributed over a larger number ofdoses.
However, because of the need for dramatically enhanced production capacity,
multi-tier pricing strategies might not appeal to manufacturers whose capacity to
make vaccine already is fully utilized. According to one workshop participant
with public-sector vaccine manufacturing experience, renovating an existing plant
generally is not cost effective. Therefore, companies choosing to sell reduced­
price vaccine may be forced to build new facilities, costing tens of millions of
dollars, to accommodate the increased demand.

Technology Transfer

Opportunities for U.S. involvement in the CVI are not limited to the sale of
vaccine. Another important option is technology transfer, which when successful
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creates indigenous capacity where none existed before. Technology transfer
frequently involves partnerships between the public and private sectors-and
these collaborations can cut across the boundaries of developed and developing
nations. For example, with support from the public sector, U.S. vaccine and
biotechnology companies may work with developing-country scientists to create
products of potential interest to the developing world. At a point farther down
the product-development pipeline, the private and public sectors can work
together to transfer already proven production technology and expertise to
developing-country manufacturers. Workshop participants discussed both of
these approaches to technology transfer.

A member of the workshop with experience setting up agricultural research
partnerships between U.S. industry and developing-country scientists stressed the
importance of involving the U.S. private sector early on in such efforts. Industry
is much less likely to stay engaged through the entire product-development cycle
if it does not have a vested interest in the outcome from the start, this participant
noted. Industry also is not likely to pursue technology transfer if there is little
evidence of market opportunity for a potential product.

An essential outcome of research partnerships is a product that is affordable
to purchasers in poor nations. This can be accomplished if profits from sales to
the private sector in that country are used to offset lower-cost sales to the public
sector. One U.S. agency involved in providing contraceptive technologies to the
developing world requires its industry partners to sell products to the public
sector in a developing country at a "preferential" price. (There are no
restrictions on the sale price to private-sector customers.) At this agency, if a
company given federal funds to develop a technology does not transfer it to the
developing world, the firm must pass the product on to a firm that will.

Technology transfer can be fraught with difficulties. One common problem,
according to a former developed-country vaccine company official who now
advises developing-country vaccine makers, is excessively complex
instrumentation. Often, such equipment, designed for developed-world settings,
is unsuitable for developing-world applications, where water supplies may have
significant impurities, there may be surges or breaks in electrical power, and
sterile environments are difficult to maintain. (Indeed, noted one participant, if
some of these fundamental problems cannot be resolved, the country may be
better off buying the vaccine it needs from other sources.) In addition, much of
the most sophisticated equipment is delivered without spare parts, is not
supported by service contracts, and is accompanied by instructions that are nearly
unintelligible, even for native English speakers (Box 6).

Good manufacturing practices guidelines and validation more appropriate to
the needs and conditions of the developing world might alleviate some of these
problems, according to the consultant. Also, at least for countries making any
of the current EPI vaccines, the purchase of simpler manufacturing equipment
should be encouraged. In addition, vaccine equipment manufacturers should be
required to provide engineering follow-up for machines that they sell. No matter
how simple and well supported a piece of equipment is, without someone
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BOX 6 How to Confuse!·

"The output of the loop controller is adjusted according to a
standard digital Proportional-Integral-Derivative (P-I-D) algorithm,
which varies it systematically to maintain the control quantity at or
very near its operating point. The Proportional, Integral and
Derivative gains can be specified by the user. (They remain shown
in all modes, but are only effective in P-I-D). The gains should be
set with the SCALE in mind: they actually operate directly on the
unsealed-i.e. normalized-error. Both excess set point cascade and
output cascade can be generated.

"The three gains of a P-I-D loop must be carefully selected to
achieve optimum performance of the controlled feedback loops.
Those not familiar with closed-loop control theory are urged to
consult the factory for guidance in selecting these values for new
applications. When selecting these gains, remember that they apply
directly to normalized input and output quantities. If the preceding
sentence seems obscure to you, get help."

• Excerpt from an operating manual for a 250-liter fennenter used
in vaccine manufacturing. SOURCE: Text supplied courtesy D.
Stainer.

properly trained to use it, the benefit may be lost. Therefore, another key
component of technology transfer is ongoing training.

Workshop participants also discussed a concept paper that presented a
comprehensive approach to technology transfer. Among other things, the paper
proposed the formation ofan international public-sector vaccine consortium. The
consortium would help developing countries produce high-quality DTP, DTP­
combination, and low-profit, "orphan'>44 vaccines through a stepwise process
involving technieal training and the establishment of demonstration vaccine

44 In this context, orphan vaccines are those directed against diseases whose preva­
lence is very low in industrialized nations but that pose a significant health threat in the
developing world.



INVOLVING THE US. PUBLIC AND PRIVATE SECTORS IN THE CVI 39

manufacturing plants. In theory, the consortium would improve the quality of
developing-country vaccine manufacturing, enough so that these producers would
become attractive partners for manufacturers in the industrialized world. The
plan requires developing-country partners to adopt an entrepreneurial operating
style, and it depends for its success on collaboration between them and private­
sector manufacturers.

Initial reactions of the private sector to the idea of a consortium were
lukewarm, however. Several vaccine manufacturers expressed the fear that such
a consortium would become a competitor for private-sector customers and for
this reason would be opposed by them. Others at the workshop pointed out that
the proposal seems to fly in the face of a worldwide trend away from public­
sector production and toward privatization. The author of the plan, who heads
a public-sector vaccine plant in the United States, emphasized that the consortium
would be motivated by public-health rather than commercial motives. As an
additional protection, joint-venture agreements could be written specifically to
manage actual or perceived threats to industry, including competition. The plan
envisions a number ofpotential benefits to private-sector participation, including
that industry could gain important footholds in future markets through
collaboration with the public sector. In addition, since the consortium would do
the "heavy lifting" of technology transfer, the private sector could join
in-perhaps by selling bulk vaccine for combination with DTP-at a later, less­
risky stage of vaccine development.

DISCUSSION SUMMARY

The CVI has suffered through considerable conceptual and organizational
uncertainty for much of its short existence. Due to a variety of recent changes,
the initiative now seems better positioned to help bring more effective vaccines
to the world's children. As one speaker noted, the CVI is the visionary force for
such efforts. .

According to a number ofworkshop participants, significant involvement of
the U.S. public and private sectors may be required for the ultimate success of
the CVI. Some U.S. firms are developing products that, while designed
primarily to meet developed-world needs, might also be of use in poorer regions
of the world. Still, the likelihood of U.S.-made vaccines being sold in the
developing world currently appears low. For private industry to become more
involved, industry representatives said, there must be convincing evidence of
markets for vaccine in the developing world. The creation of this "demand pull"
is being aided by an international move away from free gifts toward vaccine self­
sufficiency through purchase or production. Efforts to determine disease burden
in selected countries combined with cost-effectiveness studies of vaccines might
very well hasten this trend, according to several participants. The prospect of
guaranteed, long-term purchases of vaccine also may improve the likelihood of
industry participation.
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Markets for vaccine in the developing world, no matter how large, probably
cannot be served adequately with anything but low-price vaccine. Up to the
present, this has posed a serious barrier for U.S. vaccine makers, they and others
acknowledge. Yet, noted one workshop speaker, there is no reason to think that
the principles ofthe open market, including differential pricing, should not apply
to U.S. vaccines as they do to many other products. In the past, resistance in
Congress to this type of cross-subsidization has dissuaded manufacturers from
selling reduced-price vaccine to the developing world. Given the considerable
potential benefits of such practices, both for U.S. vaccine manufacturers and to
U.S. public health, workshop participants from both the public and private sector
expressed the view that steps to overcome this resistance would be worthwhile.

According to some at the workshop, public-private partnerships will playa
key role in the provision of new and more-effective vaccines to children
throughout the world, particularly those in poorer regions. Such joint ventures,
while costly and prone to a variety of problems in their implementation, will be
crucial if technology from the industrialized world is to be successfully
transferred to the developing world, they suggested. Any number of approaches
to achieving this goal are possible; it is important for the success of such efforts
that industry and the public sector continue to talk to each other in an open and
collegial manner. Indeed, dialogue between the two sectors must continue if
progress toward the goals of the CVI is to be realized.
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Promise and Problems: Hib, Pneumococcal, and
Meningococcal Vaccines in the Developing World
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Foundry Building, Room 2004
1055 Thomas Jefferson Street, NW

Washington, D.C.
Room 2004

FINAL AGENDA

Day 1

8:30 Continental Breakfast

9:00 Welcome and Introduction
Caroline Hall, Steering Committee Chair

9:10 Overview
Floyd Denny, University of North Carolina
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9:30 Determining Vaccine Need

Moderator: Samuel Katz, Steering Committee Member

Epidemiologic Data Gaps and Their Relevance to Vaccine Studies
Mark Steinhoff, Johns Hopkins University

• The Situation in Nigeria and the United Arab Emirates
Catherine Oyejide, College of Medicine, Ibadan, Nigeria

• Serotype Surprise: The Case of Haemophilus injluenzae
in Egypt
Mona Assad, VACSERA, Cairo, Egypt

• The Global Burden of N. menigitidis-Caused Meningitis
Jay Wenger, Centers for Disease Control and Prevention

10:30 Break

10:45 Discussion

11:45 Lunch

12:45 Overcoming Technologic Barrien

Moderator: Emil Gotschlich, Rockefeller University

Pneumococcal Conjugate Vaccines: Status and Prospects
John La Montagne, National Institutes of Health

The Limits ofConjugate Technology
Philip Russell, Children's Vaccine Initiative

The Common-Antigen Approach to Vaccine Development
David Briles, University of Alabama

1:30 Discussion

2:30 Break

2:45 A Meningococcal B Vaccine for Children
Wendell Zollinger, Walter Reed Army Institute of Research
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One A.pproach to Constructing a Meningococcal AlBIC Vaccine
Carl Frasch, Food and Drug Administration

3:15 Discussion

4:00 Break

4:15 Summary and Synthesis: Day 1
Moderators

4:45 Adjourn

Day 2

8:30 Continental Breakfast
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9:00 Proving Vaccine Efficacy: The Challenge of Developing-Country
Field Trials

Moderator: George Siber, Massachusetts Department of Health

Pneumonia Diagnostics: The Achilles Heel ofA.RI Epidemiology
Claire Broome, Centers for Disease Control and Prevention

The Case-Control Method and Other Alternative Design Strategies
Helena Makela, National Public Health Institute, Helsinki, Finland

Report ofa Post-Licensure Hib Efficacy Trial in Chile
Myron Levine, University of Maryland

9:45 Discussion

10:45 Break

11:00 The Public-IPrivate-Sector Interface

Moderator: William Hubbard, Steering Committee Member

• An Industry Perspective
Peter ParadisolFrank Malinoski, Lederle-Praxis Biologicals
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• A Biotech Perspective
Dale Spriggs, Virus Research Institute

• A Government Perspective
George Curlin, National Institutes of Health

11 :45 Discussion

12:30 Lunch

1: 15 Introducing an Effective Vaccine

Moderator: Donald Shepard, Brandeis University

The Cost-Effectiveness ofA.RJ Vaccines
Benjamin Schwartz, Centers for Disease Control and Prevention

The Purchase and Cost ofNew EPI Vaccines
Maria Costales, Ministry of Health, Philippines

Financing the use ofConjugate Bib Vaccine in Brazil
Otavio Oliva, SIREVA, Rio de Janiero, Brazil

2:00 Break

2:15 Facilitating Vaccine Production Capability
George Siber, Massachusetts Department of Health

The Importance of Infrastructure and National Commitment:
Lessons from the Polio Experience
Ciro de Quadros, Steering Committee Member

2:45 Discussion

3:45 Break

4:00 Summary and Synthesis: Day 2
Moderators

4:30 Closing Comments
Caroline Hall, Steering Committee Chair

4:45 Adjourn
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WORKSHOP SPEAKERS
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Mona Asaad, M.D., Acting Director, The Egyptian Organization for Biological
and Vaccine Production (VACSERA)

David Briles, Ph.D., Professor, Division of Microbiology, University of
Alabama at Binningham, Binningham, AL

Claire Broome, M.D., Associate Director for Science, Centers for Disease
Control and Prevention, Atlanta, GA

Maria Otelia Costales, Officer in Charge, Maternal and Child Health Service,
Department of Health, Manila, Philippines

George Curlin, M.D., Deputy Director, Division of Microbiology and
Infectious Disease, National Institute of Allergy, and Infectious Diseases,
National Institutes of Health, Bethesda, MD

Floyd Denny, M.D., Professor of Pediatrics, Division of Community Pediatrics,
University of North Carolina, Chapel Hill, NC

Ciro de Quadros, M.D, M.P.H., (10M Steering Committee Member) Senior
Advisor on Immunization, Pan American Health Organization, Washington,
DC

Carl Frasch, Ph.D., Chief, Bacterial Polysaccharides Laboratory Division of
Bacterial Products, Food and Drug Administration, Rockville, MD

Emil C. Gotschlich, M.D., Professor and Head, Bacterial, Pathogenesis and
Immunology Laboratory, Rockefeller University, New York, NY

Caroline Breese Hall, M.D. (10M Steering Committee Chair) Professor of
Pediatrics and Medicine in Infectious Disease, University of Rochester,
Rochester, NY

William N. Hubbard, Jr., M.D. (10M Steering Committee Member) Hickory
Comers, MI

Samuel L. Katz, M.D. (10M Steering Committee Member), Wilburt C.
Davison Professor Department of Pediatrics, Duke University Medical
Center, Durham, N.C.

John La Montagne, Ph.D., Director, Division of Microbiology and Infectious
Disease, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, MD

Myron M. Levine, M.D., D.T.P.H., Professor and Director, Center for Vaccine
Development, University of Maryland, Baltimore, MD

Helena Makela, M.D., Ph.D., Director, Division of Infectious Diseases,
National Public Health Institute, Helsinki, Finland

Frank J. Malinoski, M.D., Ph.D., Director, Clinical Research, Lederle-Praxis
Biologicals, West Henrietta, NY

Otavio P. de Oliva, M.D., M.P.H., Coordinator Regional do SIREVA, Rio de
Janeiro, Brazil

Dr. Catherine Oyejide, Department of Public Health and Occupational
Medicine, United Arab Emirates University, United Arab Emirates



46 THE CHILDREN'S VACCINE INITIATIVE: CONTINUING ACTIVITIES

Peter Paradiso, Ph.D., Senior Director of Scientific Affairs, Lederle-Praxis
Biologicals, West Henrietta, NY

Philip Russell, M.D., Special Advisor to the CVI, Center for Immunization
Research, Johns Hopkins University, Baltimore, MD

Benjamin Schwartz, M.D., Chief, Childhood and Vaccine-Preventable
Diseases, Epidemiology Section, Centers for Disease Control and Prevention,
Atlanta, GA

Donald S. Shephard, Ph.D., Institute for Health Policy, Brandeis University,
Waltham, MA

George Siber, M.D., Director, Biologics Laboratory, Massachusetts Department
of Health, Jamaica Plain, MA

Dale Spriggs, Ph.D., Director, Clinical Research and Development, Virus
Research Institute, Cambridge, MA

Mark Steinhoff, M.D., Associate Professor, Center for Immunization Research,
Department of International Health, Johns Hopkins University, Baltimore,
MD

Jay Wenger, M.D., Chief, Childhood and Respiratory Diseases Branch, Centers
for Disease Control and Prevention, Atlanta, GA

Wendell Zollinger, Ph.D., Research Biologist, Department of Bacterial
Diseases, Walter Reed Army Institute of Research, Washington, DC

WORKSHOP PARTICIPANTS

Judith R. Bale, Ph.D., Program Officer, Board on Science and Technology for
International Development, Washington, DC

Kenneth Bart, M.D., Associate Director for Medical and Scientific Affairs,
Office of International Health, U.S. Public Health Service, Rockville, MD

Alfred Bartlett, M.D., M.P.H., Acting Chief, Child Survival Division, Office
of Health and Nutrition, Agency for International Development, Washing­
ton, DC

Ruth Brenner, M.D., Senior Staff Fellow, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Rockville, MD

Robert Clay, M.P.H., Acting Deputy Director, Office of Health and Nutrition,
Agency for International Development, Washington, DC

John Clemens, M.D., Chief, Epidemiology Branch, National Institute of
Allergy and Infectious Diseases, National Institutes of Health, Rockville,
MD

Jose Luis Di Fabio, Advisor on Vaccines, Pan American Health Organization,
Washington, DC

Gerald W. Fischer, M.D., President, Virion, Rockville, MD
James Froeschle, M.D., Director, Clinical Research, Connaught Laboratories,

Swiftwater, PA
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Joan Fusco, North American Vaccine Inc., Beltsville, MD
Bruce G. Gellin, M.D., Assistant Professor, Department of International

Health, Johns Hopkins University School of Hygiene and Public Health,
Baltimore, MD

Dan Granoff, M.D., Executive Director, Clinical Research, The Biocine
Company, Emeryville, CA

William Hausdorff, Ph.D., Project Officer, Children's Vaccine Initiative
Project, Agency for International Development, Office of Health and
Nutrition, Washington, DC

Carole Heilman, Ph.D., Chief, Respiratory Diseases Branch, National
Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD

Akira Homma, Ph.D., Regional Advisor on Biologics, Pan American Health
Organization, Washington, DC

David L. Klein, Ph.D., Bacterial Respiratory Disease Program Officer,
National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD

Kaimi Lin, M.D., Medical Research Officer, National Institute of Child Health
and Human Development, National Institutes of Health, Rockville, MD

Sharon Mates, Ph.D., President, North American Vaccine Inc., Beltsville, MD
Paul M. Mendelman, Merck Research Laboratories, West Point, PA
Molly Mort, Ph.D., AAAS Fellow, Office of Health and Nutrition, Agency for

International Development, Washington, DC
Trudy Murphy, M.D., Associate Professor of Pediatrics, University of Texas,

Southwestern Medical CenterlDallas, Dallas, TX
David Oot, M.P.H., Director, Office of Health and Nutrition, Agency for

International Development, Washington, DC
Jan T. Poolman, M.D., Head, Laboratory of Vaccine Development and

Immune Mechanisms, National Institute ofPublic Health and Environmental
Protection, Bilthoven, The Netherlands

Regina Rabinovich, M.D., Assistant Director, Division of Microbiology and
Infectious Disease, National Institute of Allergy and Infectious Diseases,
Rockville, MD

Malia Rao, Visiting Scientist, National Institute of Child Health and Human
Development, National Institutes of Health, Rockville, MD

Anthony Robbins, M.D., Office of the Assistant Secretary for Health, National
Vaccine Program Office, Rockville, MD

John B. Robbins, M.D., Chief, Laboratory of Development and Molecular
Immunology, National Institute of Child Health and Human Development,
National Institutes of Health, Bethesda, MD

Murray Trostle, Dr.P.H., Public Health Advisor, Office of Health and
Nutrition, Agency for International Development, Washington, DC
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Ronnie Waldman, M.D., M.P.H., Deputy DirectorlTechnical, BASICS, Agency
for International Development, Washington, DC

Joel I. Ward, M.D., Chief, Pediatric Infectious Diseases, Harbor-University of
CalifornialLA, Torrance, CA

Roy Widdus, Ph.D., Office of the Assistant Secretary for Health, National
Vaccine Program Office, Rockville, MD

James Young, Ph.D., Vice President, Research and Development, MedImmune.
Gaithersburg, MD

Paul Zeitz, D.O., M.P.H., Child Survival Fellow, Agency for International
Development, Office of Health and Nutrition, Washington, DC

Beatrice Zurita, London School of Hygiene and Tropical Medicine, University
of London, London, England

Staff

Greg Pearson, Project Director
Dee Sutton, Administrative Assistant



Appendix B

Involving the U.S. Public and Private Sectors in the CVI

October 25-26, 1994

Wayside Inn
Middletown, VA

FINAL AGENDA

Day 1

7:30 Continental Breakfast

8:00 Welcome and Introductions
Samuel Katz, Steering Committee Member

8:05 The Children's Vaccine Initiative: Status and Outlook
Ciro de Quadros, Workshop Co-Chair

8:30 The New UNICEF Procurement Strategy
John Gilmartin, UNICEF

9:00 Ensuring Vaccine Sufficiency in the Developing World
Peter Ndumbe, University of Yaounde, Cameroon (did not attend)
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9: 15 Discussion

10:00 Break

10:15 Why Greater U.S. Involvement in the CVI is a Good Idea
Roy Widdus, National Vaccine Program Office

10:30 Combination Vaccines: Point of Entry to Developing­
World Vaccine Markets
Gordon Douglas, Workshop Co-Chair

10:45 Differential Pricing: A History and Look to the Future
William Hubbard, Steering Committee Member
Tim Westmoreland, U.S. Congress

11: 15 Discussion

12:00 Lunch and Free Time

3:00 BREAK-OUT GROUPS CONVENE

5:00 Break

5:15 BREAK-OUT GROUPS REPORT

6: 15 General Discussion

7:15 Adjourn

8:00 Workshop Dinner (at the Wayside Inn)

Involving tbe U.S. Public and Private Secton in tbe CVI

Day 2

7:00 Continental Breakfast

7:30 Nonvaccine Tecbnology Transfer: Case Studies
Contraceptives: Jeff Spieler, USAID
Agriculture and Animal Vaccines: Judith Chambers, USAID
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8:00 Joint Ventures Between Developed- and Developing­
Country Vaccine Makers
Dennis Stainer, Stainer Associates

8:15 A Model for Technology Transfer to the Developing World
George Siber, Massachusetts Department of Health

8:30 Discussion

9:30 Break

9:45 BREAK-OUT GROUPS CONVENE

11:00 Break

11:15 BREAK-OUT GROUPS REPORT

12:00 General Discussion

1:00 Closing Comments
Caroline Hall, Steering Committee Chair

1:15 Adjournment and Lunch

WORKSHOP SPEAKERS
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Judith Chambers, Ph.D., Biotechnology Specialist, Office of Agriculture and
Food Security, Agency for International Development, Washington, DC

Ciro de Quadros, M.D., M.P.H. (Steering Committee Member), Senior Advisor
on Immunization, Pan American Health Organization, Washington, DC

R. Gordon Douglas, Jr., M.D. (Steering Committee Member), President, Merck
Vaccine Division, Whitehouse Station, NJ

John Gilmartin, Chief, Purchasing, EPI, UNICEF Supply Division, Copenhagen,
Denmark

Caroline Breese Hall, M.D. (Steering Committee Chair), Professor of Pediatrics
and Medicine in Infectious Disease, University of Rochester, School of
Medicine and Dentistry, Rochester, NY

William N. Hubbard, Jr., M.D. (Steering Committee Member), Hickory
Comers, MI

Samuel L. Katz, M.D. (Steering Committee Member), Wilburt C. Davison
Professor, Department of Pediatrics, Duke University Medical Center,
Durham, NC
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George Siber, M.D., Director, Biologics Laboratory, Massachusetts Department
of Health, Jamaica Plain, MA

Jeff Spieler, Chief, Research Division, Office of Population, Agency for
International Development, Washington, DC

Dennis W. Stainer, President, Stainer Associates, Ontario, Canada
Timothy M. Westmoreland Esq., Majority Counsel, Subcommittee on Health

and the Environment, House Energy and Commerce Committee,
Washington, DC

Roy Widdus, Ph.D., Office of the Assistant Secretary for Health, National
Vaccine Program Office, Rockville, MD

COMMISSIONED PAPER

"Technology Transfer: Lessons Learned-Vaccines, Contraceptives, and Plants"
by Richard T. Mahoney, Ph.D., Vice President and Senior Advisor, Office of the
President, Program for Appropriate Technology in Health, Seattle, WA

WORKSHOP PARTICIPANTS

Luis A.V. Barreto, M.D., Assistant Vice President, Clinical and Medical
Affairs, Connaught Laboratories, Ltd., Ontario, Canada

Francis R. Cano, Ph.D., President, Aviron, Burlingame, CA
Jose F. Cordero, M.D., M.P.H., Deputy Director, National Immunization

Program, Centers for Disease Control and Prevention, Atlanta, GA
Peter Evans, Acting Chief, Vaccine Supply and Quality, Global Programme on

Vaccines, World Health Organization, Geneva, Switzerland
Lance Gordon, Ph.D., President and Chief Executive Officer, ORAVAX Inc.,

Cambridge, MA
William Hausdorff, Ph.D., Project Officer, Children's Vaccine Initiative

Project, Agency for International Development, Office of Health and
Nutrition, Washington, DC

Donald A. Henderson, M.D., M.P.H., Senior Science Advisor, Office of the
Assistant Secretary for Health, U.S. Public Health Service, Baltimore, MD

Wayne Morges, Ph.D., Vice President Manufacturing Operations, Amvax Inc.,
Beltsville, MD

Robert C. Myers, D.V.M., Chief, Division of Biologic Products, Michigan
Department of Public Health, Lansing, MI

William Packer, President, Virus Research Institute Inc., Cambridge, MA
Peter Paradiso, Ph.D., Senior Director of Scientific Affairs, Lederle-Praxis

Biologicals, West Henrietta, NY
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Regina Rabinovich, M.D., Assistant Director, Division of Microbiology and
Infectious Disease, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Rockville, MD

Jerald C. Sadoff, M.D., Director, Division of Communicable Diseases and
Immunology, Walter Reed Anny Institute for Research, Washington, DC

Tom Stagnaro, President and Chief Executive Officer, UNIVAX Biologics
Inc., Rockville, MD

Beatriz Zurita, London School of Hygiene and Tropical Medicine, University
of London, London, England

Staff

Michael Stoto, Director, Division of Health Promotion and Disease Prevention
Kathleen Stratton, Senior Program Officer
Polly Harrison, Program Officer
Greg Pearson, Program Officer
Dee Sutton, Administrative Assistant





ARI
CVI
CDC
DTP
EPI
Hib
NIH
OMP
PAHO
PspA
UNICEF
VFC
VII
WHO

Appendix C

Acronyms and Abbreviations

acute respiratory infection
Children's Vaccine Initiative
Centers for Disease Control and Prevention
diphtheria, tetanus, pertussis
Expanded Programme on Immunization
Haemophilus influenzae type b
National Institutes of Health
outer membrane protein
Pan American Health Organization
pneumococcal surface protein A
United Nations Children's Fund
Vaccines for Children
Vaccine Independence Initiative
World Health Organization
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