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The meeting was opened by Dr M. Scholtz who described the recent internal changes
that had taken place within WHO and highlighted the enhanced importance being
given to the introduction of new vaccines, particularly Haemophilus influenzae type
b (Hib) and pneumococcal vaccines. Dr K. Mulholland then described the background
to this meeting in the light of changing responsibilities within WHO. For the past
three years an annual exercise has been undertaken by the Children’s Vaccine Initiative
(CVI), in collaboration with WHO and the US Centers for Disease Control and
Prevention (CDC), to prioritize activities to enhance the introduction of Hib and
pneumococcal vaccines into developing countries. This meeting is an extension of
those activities, expanded in time to include all aspects of Hib and pneumococcal
vaccine activity and expanded in size to allow for greater input from representatives
of developing countries.

The great importance of these vaccines can barely be overstated. Hib vaccines have
changed the spectrum of serious paediatric infections in most developed countries of
the world and the global potential for pneumococcal vaccines is much greater.
Current estimates suggest that 1–2 million children and a similar number of adults
die every year as a result of pneumococcal infection. It is now a decade since Hib
vaccines were first introduced into developed countries, yet the use of these vaccines
in the developing world is largely limited to the Americas. Vaccine price is the main
impediment to their introduction in Africa, while lack of information about disease
burden limits their use in Asia and Eastern Europe. Pneumococcal conjugate vaccines
are now in a similar stage of development to where the Hib conjugate vaccines were
10 years ago, and it is appropriate that we examine the experience with Hib vaccines
to apply lessons learned to the introduction of pneumococcal conjugate vaccines.
In particular, poor understanding of disease burden is an obstacle that seems certain
to be even greater for pneumococcal than for Hib vaccines. The purpose of this
meeting was to review the situation in relation to both vaccines to enable rational
priorities to be set for research and other activities for the future.

Dr J. Wenger presented an overview of Hib vaccine introduction. At the time of the
meeting, 35 countries, representing 15% of the global cohort of surviving births,
had introduced Hib conjugate vaccines into their routine infant immunization
programmes. The first to introduce this, beginning in the late 1980s and early 1990s,
were the industrialized countries of Europe and North America. Uptake in the
developing world has been slower. A review of the regional uptake of Hib conjugate
vaccine reveals two major barriers to introduction. In Asia and the newly independent
states, very few studies of Hib disease incidence are available, and those that exist
generally show rates of less than 10 cases of meningitis per 100 000 children less
than 5 years of age, which is substantially lower than in Europe and North America,
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where the vaccine was introduced rapidly. Appreciation of the disease, and its
consequences, is poor. In Africa and parts of the Middle East, there is some interest
in the disease, and available studies show rates of invasive disease at least as high as
in the West; early studies show a major impact on pneumonia, the most common
manifestation of Hib disease. However, the current price of the vaccine has inhibited
uptake. In fact, only one country with a GNP of less than US$ 1000 has adopted
Hib vaccine (and they are receiving it free), compared with 75% of countries with
GNP greater than US$ 12 000. The balance between vaccine-preventable disease
burden and cost of the intervention is a critical axis for vaccine introduction and the
major area in which increased attention must be focused if we expect to make a
major impact on Hib vaccine introduction.

Dr J. L. di Fabio discussed introduction of Hib vaccine in the Americas. In 1994 and
1996, Uruguay and Chile, respectively, introduced Hib vaccine as a routine infant
immunization. By 1996, 30% of all neonates in the region lived in countries routinely
using Hib. In late 1996, PAHO’s Special Programme for Vaccines and Immunization
began promoting Hib introduction through meetings, staff in countries, and the EPI
Newsletter. The 1997 Technical Advisory Group recommended (1) use of Hib vaccine
in immunization programmes; (2) surveillance for Hib disease using the WHO generic
protocol and strengthening the pneumococcal surveillance project; (3) use of the
PAHO revolving fund for Hib vaccine purchase; and (4) evaluation of other vaccine-
use strategies (reduced dose, or reduced antigen). Passive surveillance data from the
region showed meningitis rates from 9 to 19 cases/100 000 children less than 5 years
old, and by 1997 data from Uruguay and Chile showed the impact of vaccine
introduction on Hib disease. In the ensuing years, the price to PAHO countries
dropped from US$ 6–8 per dose in 1997 to US$ 2.18–$2.60 per dose in 1999.
Additional countries have adopted Hib vaccine, and by the end of 1999 it is estimated
that 81% of all children in the region will be born in countries where Hib is a routine
infant immunization. Reasons for the successful introduction in the Americas include:
(1) a strong regional EPI programme; (2) a high level of awareness of the importance
of immunization; (3) safe and effective vaccines; (4) awareness of the disease process;
(5) effective promotion of Hib vaccine by PAHO; (6) clear examples of success by
other countries in the region; (7) availability of a financial mechanism (revolving
fund) to facilitate purchase; and (8) decline in price of the vaccine.
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Dr O. Levine gave a presentation outlining the main obstacles to the use of
Hib vaccine in the developing world. GNP per capita is the most important factor.
Among countries with a GNP per capita below US$ 1000, the only one that routinely
uses Hib vaccine is the Gambia, which is utilizing a donation from industry. A study
was undertaken comparing the characteristics of five countries that recently
introduced or are considering the introduction of Hib vaccine: Chile, Fiji, Greece,
Malaysia and Singapore. Only Chile and Fiji, with per capita GNPs of US$ 4160
and US$ 2440, have introduced Hib. In both countries the Hib meningitis rate is
well studied and significant (about 25/100 000 children/year). The rates in the other
countries are either low or unknown, even though most are richer than Chile or Fiji.
All the countries except Chile (where the HbsAg carriage rate is very low) have
introduced hepatitis B vaccine. This study highlights the importance of local disease
burden data in the decision to introduce Hib vaccine.

Dr S. Robertson (WHO) and Dr J. Ward (IVI) described the disease burden studies
planned or currently under way. WHO is supporting studies in Poland, India,
the Dominican Republic and Bulgaria, while the IVI is supporting studies in China,
Korea and Viet Nam. All these studies are focused on the detection and isolation of
Hib meningitis cases in a population of known size. First results will be available in
about two years.

Professor Y.L. Lau from Hong Kong presented data on the incidence of Hib disease,
mainly meningitis among Chinese children in Hong Kong (2.7/100 000 children
under five, per year) and mainland China (9.8/100 000 children under five per year).
Low rates have also been reported in Taiwan (1.9/100 000 children under five,
per year) and Japan (2.5/100 000 children under five, per year). From a small sample
the rate among Vietnamese refugees living in Hong Kong appeared higher
(42.7/100 000 children under five, per year). Possible reasons for the low rate of
Hib disease among Asian children were discussed. Inadequate case ascertainment
and poor microbiology have been suggested as possible explanations, but these do
not appear to be the case in Hong Kong, where virtually all sick children have ready
access to participating hospitals, and all centres managing meningitis were included
in the study. In addition, the high rate observed among Vietnamese refugees and
independent review of laboratory practices confirm the high standard of bacteriology
in Hong Kong.

2.  Disease burden and
cost-effectiveness – Hib



&���������� �!

Overuse of antibiotics appears to be a more likely factor. This may have two effects.
It may sterilize the cerebrospinal fluid of children with meningitis, suppressing
the detection of Hib. Among recent studies, the proportion of cases of bacterial
meningitis found to be culture negative was 60% in Thailand, 87% in China and
48% in Hong Kong. It is also possible that the low rates observed are the result of
early use of antibiotics during the bacteraemic phase of the disease, aborting the
invasive process and actually preventing bacterial meningitis from developing.
Studies of the carriage of Hib in Asian children have shown very low rates of carriage
or zero carriage, suggesting that intrinsic immunity may also be a factor in the low
rates of Hib disease in Asia. A study is under way looking at the acquisition of
naturally acquired anti-Hib antibody among healthy Hong Kong Chinese.
These studies have shown that anti-Hib antibodies show restricted heterogeneity
and tend to be of k light chain variable region type A2, of the variety of possible
types. It is of particular interest that allele sub-types A2b and A18b have been found
to be of high frequency in the Navajo people who suffered very high rates of Hib
disease prior to the introduction of Hib vaccines. This unusual finding among Chinese
could conceivably be the basis for some form of intrinsic resistance to Hib disease
among Chinese peoples. This subject is being studied further.

An innovative alternative approach to the problem of Hib disease burden in Asia
was presented in the form of an AMP/PATH/USAID-supported study on the island
of Lombok in Indonesia, where the population is 2.6 million and the infant mortality
rate over 100/1000 live births. In that study, which has recently started, the study
community is divided into about 500 community units. Each is randomized to receive
either diphtheria–tetanus–pertussis vaccine (DTP) alone or liquid PRP-T/DTP
mixture (from Pasteur Mérieux Connaught) as an infant series at 6, 10 and 14 weeks.
Although cases of meningitis will be sought in this community, the primary endpoint
of the study will be the impact of the vaccine on rates of severe pneumonia. Based on
the Gambian Hib vaccine trial, it is estimated that PRP-T recipients will have 20%
less severe pneumonia. If this proves to be the case the study will provide the crucial
disease burden information necessary to support the introduction of Hib vaccine
into Indonesia, where the incidence of childhood pneumonia is high, which is probably
the most frequent manifestation of invasive Hib disease.

The following resolutions were agreed as the main products of this session
(priority on a scale of 1–3 follows in parentheses, one for highest priority):

1. The ongoing Hib invasive disease burden studies in Asia, Central America
and Eastern Europe are endorsed. Additional studies may be appropriate as
required by national public health authorities.

2. The Hib vaccine-introduction study designed to evaluate Hib pneumonia burden
in Indonesia should be supported, and may provide critical information for
consideration of Hib vaccine in that area. Similar studies, which should include
a cost component, may be necessary to provide confirmatory evidence of
vaccine-preventable Hib disease in countries and regions where this information
is critical to decisions about use of the vaccine.

3. Since Hib and pneumococcus probably account for over half of all chest X-ray
confirmed bacterial pneumonia, a study of the combined impact of Hib and
pneumococcal vaccines in the same population should be undertaken to
accelerate the introduction of both vaccines.
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4. Studies exploring explanations (such as immunological characteristics, societal
practices and economic status) for low incidence of Hib disease (after such has
been established through well-designed and conducted studies) are encouraged.

5. An inexpensive, easy-to-use rapid test for Hib meningitis which is both sensitive
and specific would be helpful in promoting assessment of Hib disease burden.
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Dr K. Mulholland introduced the subject of estimating pneumococcal burden of
disease (BOD) which includes mortality as well as morbidity parts. Burden of disease
could be estimated by syndrome or by organism. The current global estimate of
2.7 million pneumonia deaths per year in children under five years of age may have
shortcomings because it is based on an old study by Leowski, which attempted to
define a relationship between mortality rate due to acute respiratory infections and
infant mortality rate (IMR)(1) To develop the relationship, he used data from countries
reporting childhood mortality by cause and included a wide range of acute and
subacute respiratory infections. None of those countries had significant malaria
problems and only seven countries had IMR rates over 50/1000. This was then
applied to global IMR data. The IMR data used was 1981 UNICEF data, much of
which was quite inaccurate and derived from reports from as early as the 1960s.
The relationship between IMR and ARI mortality rate was later defined much more
precisely by Garenne who developed a model based on early European data and
then applied this in developing country settings where the ARI mortality rate was
being measured independently in large field studies. (2) Dr Mulholland concluded
that the model developed by Garenne should be used to develop a new set of
pneumonia mortality estimates.

Dr L. Nacul discussed a model designed in collaboration with the London School of
Hygiene and Tropical Medicine and WHO, to derive etiology-specific estimates of
pneumonia disease burden. He presented the model and emphasized the limitations
of such estimates. The model assumes that 2.6 million deaths occur every year in
children under five as a result of pneumonia not related to measles, pertussis or HIV.
It is assumed that 75% of the deaths occur in the first year of life, more than half of
them in the first three months of life. Based on published studies of the etiology of
bacterial pneumonia, it is estimated that 34% of cases of severe pneumonia are
due to purely bacterial pneumonia, a further 17% are mixed bacterial and viral and
49% are due to viruses or other agents. The case fatality rates are estimated to be
10.0%, 1.5% and 11.6% for bacterial, viral and mixed, respectively.
Combining these data it is possible to estimate the contribution of the different agents
to pneumonia mortality. The preliminary results of the exercise are summarized in
table 1.

3.  Disease burden and
cost-effectiveness –

pneumococcus
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Table 1: Global pneumonia deaths by etiology and age group
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Problems with this approach were discussed. The model is highly sensitive to the
estimates of case fatality rates and as most pneumonia deaths occur in areas where
antibiotic treatment is unavailable, the estimated case fatality rate for bacterial
pneumonia is likely to be an underestimate, as data from the pre-antibiotic era suggest
that without antibiotics the case fatality rate for bacterial pneumonia may be 50% or
more. HIV is a major problem in sub-Saharan Africa and in many areas it represents
the majority of the pneumonia burden seen at hospital level. It is important that this
is taken into consideration in the model, and in the burden of disease estimates.

Some of the unanswered questions regarding pneumococcal disease burden were
presented in the context of the current pneumococcal conjugate vaccine trials.
It was pointed out that there are few population-based studies on pneumococcal
disease burden, in particular those that address the issue of the culture-negative
“hidden” pneumococcal invasive disease. Some characteristics of the trials planned
or under way were described. These are summarized in table 2.
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Table 2:  Pneumococcal conjugate vaccine trials –
endpoints being measured with appropriate denominators
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It was stressed that the current round of efficacy trials needs to address all the
important issues that will later be raised when the vaccines are introduced into
developing countries. New population-based studies are needed to address the burden
of disease of pneumonia in a manner that can be directly related to the results of the
vaccine trials. Data like the fraction of radiological pneumonia or pneumonia requiring
admissions that can be prevented by the vaccine is needed from the vaccine trials.
The importance of the additive effect of multiple vaccines related to non-radiologic
pneumonia was stressed. For example, it is important to know the effect on infant
mortality of giving Hib and pneumococcal vaccines together, which policy-makers
may appreciate better.

The role of microbiology capacity building in the introduction of pneumococcal
vaccine was discussed by Dr di Fabio. He described the example of surveillance
studies in 6 countries within PAHO. He described the laboratory and epidemiology
support they had from Canada together with PAHO. The surveillance started in
1993 and over 3562 isolates were collected between 1993 and 1998 and analysed.
There were similar numbers from pneumonia and meningitis cases, and the largest
number came from Brazil, Argentina and Colombia. Almost 50% of isolates came
from children under 12 months of age, 29% from children under 6 months of age.
An important objective of the study was the determination of the serotype
distribution. The most frequently isolated serotypes were 14 (26%), serogroup 6
(12%), 5 (9%), 1 (8%), serogroup 19 (7%) and 23F (6%). The pattern did not differ
markedly between the countries, although 7F was important in Chile, Argentina
and Brazil (5–6% of isolates in those sites) and not elsewhere. Among these invasive
isolates there was a trend towards increasing penicillin resistance (8.3% in 1993–96
versus 12.2% in 1996–98), highlighting the great value of this sort of exercise as a
means of monitoring antimicrobial resistance. In the future the surveillance system
will include all countries in the region in the surveillance system and isolation of Hi
and Neisseria meningitidis will be incorporated into the programme. It is also proposed
to set up a sentinel hospital surveillance system to monitor bacterial pneumonia and
meningitis.
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The extent to which antimicrobial resistance will drive the introduction of Hib and
pneumococcal vaccines was discussed by Dr R. Dagan. He described the potential
positive effects of conjugate vaccines as reducing disease incidence, reducing the
incidence of antibiotic-resistant pneumococci and reducing carriage of pneumococci
generally. He noted that while the 7-11 valent pneumococcal conjugate vaccines
covered 59–69% of middle ear fluid isolates from southern Israel children, they
covered 78% of penicillin-resistant isolates and 93% of multidrug-resistant isolates.
He also pointed out the potential positive impact of Hib and pneumococcal vaccination
on the choice of antibiotics for the empirical treatment of infections in children.
In all cases where Hib and pneumococcus are the likely bacterial causes, antibiotic
treatment may either be simplified or eliminated if the child is known to have received
effective Hib and pneumococcal vaccines. These vaccines will present authorities
with a unique opportunity to rationalize antibiotic use in the community, and therefore
control, and possibly reverse, the spread of antibiotic resistance. He described priority
research areas that need to be addressed. These are:

� epidemiology of resistant pneumococci;

� impact of Hib and pneumococcal vaccines on choice of antibiotics;

� effect of pneumococcal vaccines on carriage of pneumococci and other bacteria
in the community;

� economic studies, including indirect effects such as antibiotic costs, laboratory
costs and the cost of treatment failure;

� studies of disease outcome in relation to resistance (particularly for pneumonia);

� molecular epidemiological studies; and

� impact of protein pneumococcal vaccines on carriage and resistance.

There was considerable discussion of the behaviour of clinicians in relation to antibiotic
prescription when both Hib and pneumococcal vaccination has been implemented
and has eradicated most bacterial pneumonia. It was suggested that clinicians will
probably continue to prescribe antibiotics, but they will probably have a different
choice of antibiotics; and they should be encouraged to use more simple antibiotics
such as penicillin V.

The following resolutions were agreed as the main products of this session:

1. In areas where the burden of pneumococcal disease in childhood is unknown,
efforts should be made to determine the burden of pneumonia and other
manifestations of pneumococcal disease by making population-based
measurements of the burden of proven invasive pneumococcal disease and of
severe pneumonia, regardless of etiologies. These studies should include studies
of the economic burden of pneumococcal disease. In addition, smaller studies
of the burden of childhood pneumonia should be encouraged in a range of
developing country settings. WHO should develop generic protocols to assist
with the conduct of these studies.

2. Attempts should be made in several sites to determine the burden of invasive
pneumococcal disease in adults by culture of blood, pleural fluid and
cerebrospinal fluid.
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3. A field trial in a developing country should be undertaken with the aim of
using a pneumococcal conjugate or conjugate/polysaccharide combination to
expose the vaccine-preventable burden of pneumococcal disease in adults.
Consideration should be given to combining this with a trial of influenza
vaccine.

4. WHO should convene a new study to estimate the global burden of childhood
pneumonia and pneumococcal disease. This should include children of all ages,
the impact of antimicrobial resistance, and a separate estimate of the impact of
HIV on the burden of pneumococcal disease.

5. Systematic upgrading of surveillance systems for pneumococcal disease,
including clarification of case definitions, cerebrospinal fluid (CSF) and blood
culture capacity, and central laboratory typing ability in developing countries
should be undertaken as a means of promoting appreciation of the disease
burden, and monitoring the spread of antimicrobial resistance. This will
improve patient care as well as providing valuable data on the potential impact
of vaccination.

6. Antimicrobial resistance and its effect on the treatment of disease should be
monitored. Studies should be undertaken to examine the effect of vaccination
on antimicrobial resistance levels, and on patterns of use of antimicrobial agents.
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Recent and ongoing studies, driven by the high price of Hib vaccines, have examined
the effect of administering fractional doses to multiple infants or reducing the number
of doses administered. In Chile it was demonstrated that reducing the dose of
PRP-T or HbOC did not affect the immunogenicity, while a study in South Africa
found low doses of PRP-OMP to be quite immunogenic. Further studies of this
type are under way in South Africa and the Dominican Republic. In South Africa
two Hib vaccine formulations are being examined in doses ranging from 10mg to
0.6mg, and the practical technique of dissolving a single dose of Hib vaccine in a
preservative-containing multidose vial of DTP is under investigation.

This issue provoked a detailed discussion. Some participants suggested that the effect
of lower doses on the ability to induce memory and the impact on carriage should be
evaluated. Furthermore it was pointed out that the substantial differences in
immunogenicity of Hib vaccines between populations mean that results from Chile
should not be taken to apply in all settings. Some participants felt that lower doses
may actually improve these vaccines, citing improved immunogenicity to support
this. There was controversy about how much can be gained from this sort of approach.
One manufacturer suggested that reducing the antigen dose could reduce the cost of
the vaccine by 15% but that this would be likely to be offset by the costs incurred by
licensing what is in effect a new product. The savings would of course be much
greater if a single dose was purchased and then used for multiple children as the
South African study is proposing. This would however involve “off-label” use of
the vaccine, a practice that cannot be supported by WHO.

A proposal to examine the effectiveness of a single dose of the PRP-OMP
vaccine was discussed. The Navajo study, published in 1990 by Santosham et al.
(New England Journal of Medicine, 1991:324:1767-1772) suggested that a single
dose of that vaccine is efficacious, although the efficacy measured may have been
short term as most received later doses. Documented failures in children known to
have responded to the initial series of Hib vaccination (in Gambia and the US Navajo
study) suggest that having had a response is not enough to guarantee lasting protection.
Nevertheless, the simplicity, practicality and cost of a single dose regimen would be
very appealing for developing countries, even if efficacy is somewhat reduced.
This was thought to be an idea worthy of further evaluation.

In general “off label” use of vaccines is feasible in countries with competent national
control authorities, where a licensing amendment would need to be drawn up in
collaboration with producers. For countries without such authorities the issue of
licensing the low-dose product in the producer country would need to be addressed.

4.  Hib conjugate vaccines
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Following the discussion, the following resolution was agreed to for the content of
this session:

1. Identification of less expensive Hib vaccine regimens may facilitate introduction
of Hib vaccine into some countries. Studies of such regimens to identify those
which may be as protective as the current regimens should be supported. These
may include, for example, studies of a single-dose regimen of Hib conjugate
vaccine.
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Three companies currently have pneumococcal conjugate vaccine products in
advanced stages of development, Wyeth Lederle (WLV), Aventis Pasteur (AP) and
SmithKline Beecham (SKB). The WLV vaccine uses a CRM197 mutant diphtheria
toxin as a carrier, the Aventis Pasteur vaccine uses both diphtheria toxoid and tetanus
toxoid as the carriers for the different serotypes, and the SKB vaccine uses a conserved
Haemophilus influenzae protein as the carrier.

WLV have a 7-valent product (4,6B,9V,14,18C,19F,23F) that has undergone
evaluation in California and Finland. The results of the Californian study have recently
been released; 38 000 infants were given the pneumococcal conjugate vaccine or a
meningococcal C-CRM conjugate vaccine at 2, 4, 6 and 12–15 months. In accordance
with the original plan an interim analysis was conducted for efficacy after 17 cases
of vaccine-type invasive pneumococcal disease had been detected among study
participants. The results showed excellent efficacy. After the interim analysis,
recruitment in the study was stopped because all 17 cases were in the control group.
Accrual of cases has continued and at the time of the meeting 38 cases of disease
caused by vaccine serotypes had been detected; most were episodes of febrile
bacteraemia. Thirty-one cases were in fully vaccinated children and seven in partially
vaccinated children. Statistically significant protection has been demonstrated against
infection by serotypes 19F (10 cases), 14 (10 cases), 18C (7 cases) and 6b (6 cases).

Of particular interest was the efficacy of the vaccine against otitis media.
Existing knowledge of the etiology of otitis media in this community suggested that
the vaccine might achieve a level of protection of 6–20%. Tympanocentesis was
not conducted as part of the study. However, 47 392 clinic visits for otitis media,
33 529 otitis episodes and 3457 cases of frequent otitis media (three or more episodes
within six months or four episodes in a year) were recorded. The vaccinated group
had 8.9% fewer visits (95% CI 5.8–11.8), 9.3% fewer episodes of frequent
otitis media (95% CI 3.0–15.1), and 20.1% fewer insertions of PE tubes (95% CI
1.5–35.2). Thus the vaccine had a significant, but modest impact on the rate of otitis
media.

WLV have now produced a 9-valent vaccine (1,4,5,6B,9V,14,18C,19F,23F) that is
undergoing evaluation in South Africa and Gambia. Results from the South African
study show that the vaccine is more immunogenic in South African infants at 6,
10 and 14 weeks than the 7-valent vaccine given to US infants at 2, 4 and 6 months.
A reduction in carriage of vaccine serotypes has also been recorded.

AP have produced an 11-valent vaccine (1,3,4,5,6B,7F,9V,14,18C,19F,23F),
that has undergone phase II evaluation in a number of settings throughout the world.

5.  Pneumococcal conjugate
vaccines
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Earlier versions showed good immunogenicity for all the serotypes and a significant
impact on carriage was demonstrated in studies in Iceland and Israel. Phase III studies
with this vaccine will be starting soon. A study in Israel will focus on prevention of
otitis media, a study in the Philippines will look for an impact on pneumonia and a
study in Chile will look for an impact on all invasive pneumococcal disease.

SKB have developed an 11-valent vaccine using a conserved Haemophilus influenzae
protein as the carrier (1,3,4,5,6B,7F,9V,14,18C,19F,23F). Trials in Europe and Latin
America with a 4-valent prototype have shown good immunogenicity, and so the
company is rapidly moving towards the 11-valent vaccine that will be entering phase
III trials within the next few years.
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The interesting field of common protein vaccines was discussed by Drs J. Paton and
D. Briles. These vaccines have been under development for a number of years.
The first candidate to be looked at in detail is the pneumococcal surface protein A
(PSP-A) which is expressed by all pneumococci and exists in multiple families and
clades, although they are probably cross protective to some extent. Of pneumococcal
serotypes tested 93% were included in PSP-A families 1 and 2. A PSP-A vaccine
covering clades 1-4 has now entered human studies. In the first study, the results of
which were presented at the meeting, the vaccine was less reactogenic than the
polysaccharide vaccine and sera from adults who had received a single dose of the
vaccine protected mice against challenge from strains belonging to PSP-A types 1, 2
and 3. Further development of this vaccine is being undertaken by Aventis Pasteur.
It is anticipated that a product suitable for phase III trials may be ready within five
years.

Of the other common protein types under investigation, the most work has been
done with pneumococcal surface adhesin A (PSA-A or 37kD protein) and
pneumolysoid (detoxified pneumolysin). A final product may be a combination of
one or more protein components with a conjugate, or the protein components
may evolve as a separate vaccine. There is some evidence from animal studies that a
combination of the different proteins may be more effective than immunization with
individual proteins. Pneumolysoids may offer protection against disease,
while PSA-A appears to be an important virulence factor at the mucosal level,
and so may be important for an impact on carriage.

This approach was seen as having great potential for a number of reasons. Firstly,
it is likely that future protein vaccines could be produced very cheaply in large
quantities and may be suitable for technology transfer arrangements with developing
countries, so access and supply are likely to be less problematic than will be the case
with the conjugate vaccines. The feasibility of production of existing conjugates by
current manufacturers in quantities sufficient to meet the needs of the global
population was considered to be a daunting prospect. Secondly the problem of
incomplete serotype coverage would be avoided, and thirdly the issue of replacement
of existing serotypes with other serotypes, either immediately or in the long term,
would be avoided.

While interest in this field has been increasing with the move of PSP-A into
human trials, concerns were expressed that the issue of intellectual property rights
(which are currently held by at least two different companies) might keep the
development of the different components separate, while available evidence suggests
that they are most likely to be effective in combination. It is highly desirable that
some way is found for the components to be combined at an early stage of their
development.

6.  Protein pneumococcal
vaccines
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A theme running through this meeting was the likelihood that the current generation
of pneumococcal conjugate vaccines will, if proven effective in developing countries,
be made available within a reasonable timeframe to those children at highest risk of
developing invasive pneumococcal disease – children living in poor circumstances in
developing countries. Some participants believe that it is reasonable to assume that
the financial, technical, production capacity and operational obstacles will be
overcome. Others were less optimistic noting the poor progress of Hib vaccine
introduction outside of the Americas. Pneumococcal polysaccharide vaccines have
been in existence for most of this century, and available in the current 23-valent
form since 1983. Use of the vaccine in the elderly and at-risk populations in the
developed world has been inconsistent because of doubts about the efficacy of the
vaccine (see below). The only field trial of the vaccine in young Papua New Guinea
children showed a significant impact on mortality. (3) This study has not been repeated
and the vaccine is not in use in any developing country. Recently there have been
calls for the trial to be repeated (4).

One of the key arguments against the use of this vaccine in young children is the
poor antibody response of young infants to polysaccharide antigens. Dr D. Lehmann
presented new data from Papua New Guinea showing the antibody response to the
23-valent polysaccharide pneumococcal vaccine at nine months of age in a group of
young children, half of whose mothers had received the same vaccine during
pregnancy. The results are described in table 3.

7.  Polysaccharide vaccines
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Table 3:  Antibody levels to four pneumococcal serotypes before and after a
single dose of 23-valent pneumococcal vaccine in infants of maternally

immunized mothers (also with 23-valent pneumococcal vaccine; n=45) and
control mothers (n=23)
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Legend: mat. imm – maternally immunized. GMT – geometric mean titer.

These data show that at nine months the responses of these infants to these five
serotypes was similar in magnitude to the responses of younger infants to the
pneumococcal conjugate vaccines.

Data were also presented describing an effectiveness study, also from Papua
New Guinea, in which, between 1991 and 1995 the 23-valent vaccine was offered
to a group of 5000 children, about 60% of whom received the vaccine. There were
70 deaths in unvaccinated children and 40 in vaccinated children. The mortality rate
was lower in the vaccinated children up to 24 months of age, but similar in the
two groups thereafter. If the analysis was controlled for clinic attendance, mortality
was similar in clinic attenders who did and did not receive the vaccine, so much of
the observed effect was due to the confounding effect of health service utilization.
Further analysis of this study is under way.

A possible study outline was presented by Dr K. Mulholland, describing possible
ways of evaluating alternative pneumococcal regimens. He suggested that unless
this is approached in a systematic manner by the international community, release of
expensive pneumococcal conjugate vaccines in the developing world would lead to
the use of a variety of unproven regimens employing lower or fewer doses, with or
without a polysaccharide vaccine. It will be very difficult to assess these regimens.
Two alternative approaches were proposed. In one option, a comprehensive range
of phase II studies to examine all reasonable regimens is undertaken. Then, in-trial
immunogenicity studies from the current phase III pneumococcal vaccine trials are
used to provide estimates for protective levels. Modelling is then used to predict the
likely effectiveness of various regimens that may be less expensive or more
appropriate to the epidemiological needs of developing countries.

A second preferable option involves the development of a special study to examine
prospectively, the relative effectiveness of a variety of suggested regimens. In, for
example an island community of one million, with a high pneumonia rate, good health
service coverage and good immunization coverage, 60–100 units of randomization
are devised. Then the most promising range of alternative pneumococcal strategies
is listed. The list might include the following regimens:
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� pneumococcal polysaccharide (pnc-PS) at 6 mths

� pneumococcal conjugate (pnc-c) at birth/ pnc-PS at 6 mths;

� pnc-c at birth/ pnc-c at 6 wks/ pnc-PS at 9 mths;

� pnc-c at 4 wks/ pnc-PS at 6 mths; and

� pnc-c at 6 wks/ pnc-c at 14 wks.

The interventions are then ranked in order of increasing complexity/cost
(decreasing desirability). A simple pneumonia-surveillance system is then set up using
a specific pneumonia definition similar to those used for the phase III pneumococcal
vaccine trials. Surveillance is then conducted for a period of one year. The clusters
are then divided into two groups on the basis of balanced pneumonia incidence,
health-facility access and risk-factor exposure. In the first phase of the study,
Regimen 1 is compared with placebo. Interim data analysis is performed at intervals,
and the trial stopped if either (a) Regimen 1 is shown to be better than placebo, or
(b) the probability that Regimen 1 is 30% or more better than placebo falls to less
than 5%. If Regimen 1 is better than placebo it is then compared with Regimen 2 in
the next phase. If not, Regimen 2 is compared with placebo in the next phase.
The eventual aim is to determine the simplest/cheapest effective regimens for
pneumococcal vaccination in developing countries.

Following the discussion, the following resolutions were agreed to for the content of
this session:

1. Because of the potential increased serotype coverage and reduced cost of
common protein antigen-based pneumococcal vaccines, further evaluation of
immunogenicity, safety and efficacy of these vaccine candidates in humans
should be encouraged.  Studies specifically looking at combinations of the
candidate protein vaccines should be encouraged.

2. Studies should be conducted to monitor the effect of pneumococcal vaccination
on the pattern and distribution of pneumococcal serotypes, both invasive and
nasopharyngeal isolates, during and after pneumococcal vaccine trials.

3. Demonstration that a three-dose or four-dose infant regimen of pneumococcal
conjugate vaccine prevents invasive pneumococcal disease and severe
pneumonia should not preclude the evaluation of simpler, more affordable,
regimens. Given the limitations of the schedules currently under evaluation
for the control of pneumococcal disease in developing countries, phase 2 studies
should be undertaken to evaluate a range of alternative regimens that may
have the attributes of lower cost, simplicity and better disease prevention
potential.

4. If pneumococcal conjugate vaccines are not available in developing countries
in the near future, a potential approach to prevention remains the polysaccharide
vaccine. A field trial of the effectiveness of:

a) a single dose of pneumococcal polysaccharide vaccine at nine months; and
b) maternal immunization followed by a single dose at nine months should

be performed in a high infant mortality area.
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5. Pneumococcal conjugate vaccine trials in developing countries should be
designed to enable population-based estimates of the burden of pneumococcal
disease that is preventable with the current vaccines. This should include
mortality (where feasible), severe pneumonia and important non-severe
manifestations of pneumococcal disease such as otitis media and non-severe
pneumonia. The effectiveness of pneumococcal conjugate vaccines in HIV-
infected children should be determined.

6. There is a need to develop more sensitive and specific tools for the diagnosis of
pneumococcal disease, particularly pneumonia.
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The issues surrounding the general use of data from vaccine trials for estimating
correlates of immunity were discussed. Like Hib and meningococcal disease,
the age-specific pattern of pneumococcal disease suggests that maternal antibody is
protective. Antibody against capsular antigens either resulting from vaccination or
passive administration, has been shown to be protective. Opsonophagocytic assays
measuring functional antibody are the most likely correlate of protection. The situation
is complex. The levels of antibody required for protection may vary between
serotypes, and are also likely to vary with regard to protection against the different
manifestations of pneumococcal disease. Different levels may be required to protect
against bacteraemia, pneumonia, meningitis or otitis media.

Efforts will be made in the context of vaccine trials to estimate correlates of protection.
In general this is done by comparing the vaccine efficacy with the percentile of
children achieving antibody above various cut-off points. For example, if efficacy is
80%, and 80% of infants achieve antibody levels in excess of 1.0mg/ml, then it can
be concluded that the protective level is 1.0mg/ml. Another approach is to look at
the antibody profile of vaccinees and controls in a trial of a successful vaccine.
This is more speculative as this assumes that controls are not protected by the
antibody levels they have, which is partly untrue. It is important that these methods
assume an “all or nothing” type of immunity, in which any individual is either protected
or not protected. In fact it is more likely that protection is relative, at least to some
extent. For example an 80% effective vaccine might mean that each individual is
80% less likely to get disease.

After the first round of phase III pneumococcal vaccine trials is complete, it is likely
that in the USA further modifications of the vaccines will be licensed, based on
correlates of protection. Antibodies measured by both enzyme-linked
immunoabsorbent assay (ELISA) and opsonophagocytic assays are likely to be
involved in such decisions. It is important that these assays are well correlated.
A new type of opsonic assay currently being evaluated at CDCs employs flow
cytometry, fluorescent-labelled bacteria and cultured tissue cells. This approach could
be much faster and simpler as it is able to measure titres to multiple serotypes
simultaneously.

In the discussion it was emphasized that these assays are not measuring two other
parameters that are likely to be important for protection from pneumococcal disease
– mucosal immunity and immunological memory. Furthermore, the high degree of
correlation at the individual level between antibody levels to various pneumococcal
proteins raises difficulties in determining the true protective element. Furthermore,
the level of immunity required for protection of an individual may be affected by

8.  Correlates of protection and
mathematical modelling
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environmental exposure to pneumococci and may be different in a fully vaccinated
community where carriage is less. Another point raised is that levels determined
with existing vaccines might not be relevant to serotypes added in the future that
have different characteristics.

Other issues like disease modification and the effect of vaccination on case fatality
rates rather than disease incidence alone were discussed. The increment of immunity
required to make the difference between a child with pneumococcal pneumonia dying
of the disease and surviving may be much less than that required to prevent disease
altogether, yet prevention of death is the most important outcome from a public
health perspective.

The complex interrelationships between transmission, carriage and disease for both
Hib and pneumococci present a potent mix of issues for consideration by mathematical
modellers. Unfortunately many of the parameters required for the development of
realistic models are simply unknown at this stage. In a presentation on the subject,
Dr M. Lipsitch described several situations in which mathematical models have helped
with the interpretation of findings in relation to Hib and pneumococcal vaccine studies.
One such example relates to the important issue of serotype replacement associated
with pneumococcal vaccination. Models incorporating known information about the
carriage of multiple pneumococcal serotypes and the findings of vaccine studies from
Gambia and South Africa showing apparent replacement of vaccine serotypes with
non-vaccine serotypes in vaccinated children, have shown that these findings are
unlikely to be due to “unmasking” of second or third serotypes in vaccinated
individuals and are more likely to be due to true replacement by other serotypes.
Of course these models are dependent on the accuracy of the data on multiple serotype
carriage, which could well be questioned.

Discussion about the issue of mathematical modelling focused on the shortcomings
of an approach that attempts to simplify a highly complex biological system.
Issues like in vivo interaction between different serotypes, or the prior presence of
extremely small loads of bacteria, could not be incorporated. It was pointed out that
Hib models that had been developed failed to explain the age-dependent changes in
immunity, and had not taken into account the issue of non-typable Haemophilus
influenzae.

Following the discussion, the following resolutions were agreed to for the content of
this session:

1. Efforts to identify correlates of protection from pneumococcal disease should
be strengthened within trials and within the unvaccinated community.
These should include comparisons of ELISA antibody titres with
opsonophagocytic assays in both infants and adults, in response to vaccination
with both polysaccharide and conjugate vaccines.

2. Mathematical modelling provides an important tool to assist in the
interpretation of pneumococcal vaccine trials, particularly in relation to the
impact of pneumococcal vaccination on pneumococcal carriage.



� $���������� �!

Dr C. Gilks presented the results of a recently completed study of the use of
pneumococcal polysaccharide vaccine in HIV-infected Ugandan adults. The spread
of HIV in the developing world has been most profound in Africa, and recent studies
have highlighted the importance of infections with encapsulated organisms,
particularly the pneumococcus, among HIV-infected adults and children.
It is estimated that in sub-Saharan Africa alone the HIV epidemic results in an extra
250 000 cases of bacteraemic disease and an extra 600 000 cases of adult pneumonia
every year. This is a massive burden for the health services as well as a major cause
of morbidity and mortality among the HIV-infected community.

In Entebbe, Uganda, a double-blind, placebo-controlled trial of pneumococcal
polysaccharide vaccine in HIV-1 infected adults was undertaken by a British–
Ugandan team of researchers, headed by Dr Gilks, with support and trial oversight
from the British Medical Research Council. Of 1392 HIV-infected adults enrolled
in the trial 697 received the vaccine and 695 the placebo. 582 and 576 in the vaccine
and placebo groups respectively were followed up. The groups were well balanced.
The mean age was 31 years and 71% of both groups were female. 57% and 54% of
vaccine and placebo groups had WHO Stage 3 HIV disease at enrolment, and 43%
and 45% of vaccine and placebo groups had less than 200 CD4 cells. 28% of both
groups died. There were significantly more episodes of pneumonia in vaccinated
subjects than controls. If only first events were counted there were 40 episodes in
vaccinees and 21 in controls (p=0.02), while if multiple events were counted the
numbers were 50 and 26 (p=0.02). The number of episodes of invasive disease due
to vaccine types was greater in vaccinees than controls (not statistically significant).
Most of the effect was seen in the first six months after vaccination and most was
seen in adults who had CD4 counts above 200 (see table 4). However the numbers
were very small in the subset analyses. Pre and post vaccination serum samples are
available on all participants and analysis of these samples will yield further information
on this study.

Table 4: Episodes of disease by CD4 count and vaccine group
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9.  Pneumococcal vaccination of
HIV-infected adults
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There was a lengthy discussion about the implications of this study. Current US
recommendations state that HIV-infected adults should receive pneumococcal vaccine,
yet these disturbing findings cast doubt on that. A multicentre case control study of
the efficacy of pneumococcal vaccine in HIV-infected adults in the US has been
conducted and not yet been published. This study apparently shows some benefit
from the vaccine, but the analysis is not yet complete. There were divided views
among participants as to how this study should be interpreted. Some felt that the
study precludes pneumococcal vaccination of HIV-infected persons and further studies
of this sort on ethical grounds. Others pointed out that the findings are strange
(mainly confined to persons with normal CD4 counts) and apparently in conflict
with US data, so a repeat of the study is justified. Most felt that the next step should
be a thorough review of existing data to see whether a further study is justified on
ethical grounds. Meanwhile, all researchers and ethical committees conducting field
studies of pneumococcal polysaccharide vaccine should be aware of these results.
This particularly applies to studies of maternal pneumococcal conjugate immunization
in areas where HIV seroprevalence is high.



� &���������� �!

The high rates of pneumococcal disease among infants under three months is a
cause for concern with current immunization schedules, and in an effort to address
this WHO held a meeting in January 1998 to address the feasibility of maternal and
neonatal immunization as possible strategies. The report from this meeting has now
been published (WHO/VRD/GEN/98.01). The meeting was summarized by
Dr K. Edwards who chaired the meeting. At the meeting data from six randomized
studies of pneumococcal polysaccharide (PS) immunization of pregnant women were
evaluated. The studies comprise a heterogeneous group conducted in varied
populations, with different vaccines, designs, and follow-up. These studies were not
of sufficient size to evaluate efficacy or rates of infrequent, severe adverse events.
In the studies reviewed, there was no difference in the rate of perinatal mortality
between the infants born to vaccinated and unvaccinated women, and no evidence
of an increase in stillbirths or premature deliveries among vaccinees. However,
more early neonatal deaths were observed among infants born to women who received
pneumococcal PS vaccine than among infants born to women who received control
vaccines. Each of the early neonatal deaths was reviewed at the meeting and there
was discussion about possible mechanisms of causality. The deaths resulted from
various common causes of neonatal death and no specific syndrome was identified.
In addition, the rate of neonatal mortality among infants born to women vaccinated
with pneumococcal PS vaccine was not different from the expected rate based on
background data. The meeting concluded that it is unlikely that these deaths were a
consequence of maternal pneumococcal PS immunization.

The January 1998 meeting endorsed efforts to move towards large-scale studies
of the safety and efficacy of vaccinating pregnant women with pneumococcal
polysaccharide vaccine or one of the pneumococcal protein-polysaccharide conjugate
vaccines currently under development. Primary efficacy objectives of a large-scale
trial should include at least one of the following endpoints: protection against
all-cause mortality, severe pneumonia, invasive pneumococcal disease or otitis media.
The trial should be according to a randomized, controlled design. Trials that have
all-cause mortality or severe pneumonia as a primary endpoint should have sufficient
power to address the safety of maternal immunization with pneumococcal PS vaccine
for mothers and for infants. An efficacy study should be carried out in an area where
it is possible to maintain surveillance during the perinatal period and infancy.
Prior to the commencement of a large-scale study an external data and safety
monitoring group should be formed to review all available data and make decisions
on the progress of the study based on the results of interim analyses. Safety monitoring
should be rigorous and include severe adverse events both in mothers and in infants.

10. Maternal pneumococcal
immunization
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Recent developments in this field were presented and discussed. The ongoing study
in the Philippines has demonstrated a reduction in carriage in infants of vaccinated
mothers, and the presence of carriage seems to be associated with low antibody
levels. This is consistent with the findings from a recent study in Texas. In the
Papua New Guinea study, in which a group of the offspring of vaccinated mothers
and controls were vaccinated at the age of nine months with the pneumococcal
polysaccharide vaccine, infant responses to the nine months dose seem to be
satisfactory in both groups although more work needs to be done on this study.
A new study in Bangladesh was put on hold over safety concerns a year ago and at
this stage it is unclear what the impediments are to the study proceeding, given the
endorsement of the approach by WHO at the January 1998 meeting.

In the USA, studies of maternal immunization have been supported by National
Institutes of Health (NIH) in the fields of pneumococcus and Hib as well as RSV
and Group B streptococcal disease. Ongoing analysis of the Texas study has shown
that transplacental transfer of IgG1 antibody is close to 100%, while transfer of
IgG2 is about 60%. Following the demonstration that low cord antibody levels to
pneumococcal serotypes 19F and 23 are associated with an increased probability of
early otitis media, a study is being planned in which 500 US mothers will be enrolled
in a trial of maternal pneumococcal immunization for the prevention of infant otitis
media.

There was a discussion of alternative prospects for improving maternally derived
infant pneumococcal immunity lead by Dr M. Santosham. One such proposal aims
to develop a package of vaccines to be given to women at the time of marriage. This
could include tetanus, pertussis and encapsulated bacteria such as Hib and
pneumococcus. This and other approaches like postpartum vaccination were
discussed.

Following the discussion, the following resolution was agreed to for the content of
this session:

1. Recognizing the substantial burden of mortality due to pneumococcal disease
in developing countries that occurs during the first three months of life,
studies should be undertaken to identify the optimal strategies for control of
early pneumococcal disease.

2. The safety and immunogenicity of neonatal pneumococcal conjugate vaccination
should be evaluated. If initial results are promising, plans should be developed
to evaluate the effectiveness of a regimen including a neonatal dose.

3. Studies of maternal and prematernal immunization should be considered.
Maternal and neonatal immunization studies should follow the principles
articulated in the Report on the meeting on maternal and neonatal pneumococcal
immunization published by WHO. (5) In addition, the safety of administering
pneumococcal vaccines to HIV-positive subjects must be considered and
addressed.
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Dr A. Hall presented a detailed review of risk-factor studies of pneumococcal disease,
both in children and adults. These studies were considered of particular relevance to
the present discussion because of the high likelihood that in many areas pneumococcal
vaccines will be too expensive for general use and countries may be forced to
formulate policies based on the vaccination of high-risk groups. The usefulness of
the existing studies is limited by the well-known difficulty in diagnosing most episodes
of pneumococcal disease and by the failure of most studies to present calculations of
attributable risk. Nevertheless, a review of the available literature points to a number
of important risk factors for pneumococcal disease, some of which may be potential
targets for vaccination strategies.

Clearly age is an important factor, with the highest risk being borne by young children
and older adults. In Africa there may also be a peak in young adult life, which is
probably accentuated by HIV infection. While most studies show that gender is
important, with more males affected, this is unlikely to guide vaccination policies.
Some studies have shown ethnic group to be important with some groups like
Australian aboriginals being at high risk, but it is unclear to what extent this is
attributable to socioeconomic and lifestyle factors. In adults, occupation, institutional
residence and underlying conditions, such as alcoholism, are very important.
For children living in western countries prior pneumonia or otitis media, child care
attendance, parental smoking, socioeconomic conditions and duration of breastfeeding
are important. The only risk factor study of pneumococcal disease in children in a
developing country (Gambia) failed to show a significant effect for some of the
expected variables, but did show the significant risk associated with malnutrition.

In conclusion, Dr Hall suggested that, while gender and ethnic group are unlikely to
help targeting vaccination strategies, a number of possible targets should be seriously
considered:

Poverty – Selective vaccination of the poor would be an effective way to target
those at highest risk. Such a policy could allow the higher social classes to purchase
vaccine in the private sector.

Underlying disease – This approach could be suitable for both children and adults
and is already used to some extent in cases of sickle cell disease and asplenia.

Institutionalization – Individuals subjected to long term institutionalization are at
high risk and would be a sensible target for vaccination strategies.

11. High-risk group vaccination
strategies
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Day care – Some countries may elect to vaccinate only children in day care.
This would certainly identify a group at high risk, and would also address one of the
most important sites for the transmission of antibiotic-resistant pneumococci.

Acute illness – Children with prior otitis media or pneumonia would represent a
suitable group for selective vaccination.

Malnutrition – While the link between malnutrition and pneumococcal disease
emerged as an important factor in the Gambian study, it would be preferable if this
could be verified in other studies. However, as the link between malnutrition and
pneumonia is well established, it is likely that this will become an important indication
for pneumococcal vaccination.

Professor G. Hussey reviewed experience with vaccination strategies aimed at
high-risk groups. He reviewed 11 studies of vaccine-based interventions that had
been based on either the client, the health care system or the health care provider.
All programmes had problems and this approach is generally difficult to implement.
A recent study showed better results with a programme based on primary care nurse
practitioners.

There is clearly a need for further work in this area. Cost effectiveness of potential
approaches needs to be carefully evaluated. Other approaches need to be investigated,
such as mass campaign approaches and possibly the introduction of an adult EPI
programme.

The ensuing discussion focused on the uncertainties about the feasibility of this
approach and the unknown fraction of pneumococcal disease that could be averted
by focusing on high-risk groups.

Dr D. Goldblatt reviewed experience with the selective vaccination of children
with sickle cell disease. Currently, in the better centres in developing countries,
children with sickle cell disease are given penicillin prophylaxis, a strategy of proven
efficacy for the prevention of pneumococcal disease. However this has resulted in
increased carriage of penicillin-resistant strains, complicating the management of
these children when they become ill. Studies of conjugate vaccines in children with
sickle cell disease have shown good antibody responses in children over two years of
age who received a single dose.

Dr Goldblatt described an ongoing study in Ghana in which a screening programme
found about 2% of 61 559 children screened to have sickle cell disease. In the study
infants are given 9-valent pneumococcal conjugate vaccine at 6, 10 and 14 weeks of
age and are boosted at 12 months. He emphasized how little is known about the
outcome of these cases in Africa.

Summarizing the session Dr K. Mulholland concluded that the most suitable target
groups for vaccination strategies are children with sickle cell disease, malnutrition,
day care attenders and HIV-infected children. The latter group was not specifically
discussed in the session and the value of vaccination in this group will be the subject
of an analysis of the South African pneumococcal conjugate vaccine trial in Soweto.
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Following the discussion, the following resolutions were agreed to for the content of
this session:

1. The effectiveness of pneumococcal conjugate vaccines in HIV-infected children
should be determined, including the impact of vaccination on the progression
of HIV disease.

2. The safety and immunogenicity of pneumococcal vaccine in malnourished
children should be determined.
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Dr K. Cartwright presented an overview of pneumococcal vaccination in adults.
Throughout the world the highest rates of pneumococcal disease are seen in the very
young and the elderly. In adults, pneumococci are an important cause of pneumonia,
septicaemia and meningitis. In recent years treatment has been complicated by the
growing problem of antimicrobial resistance, and now in many parts of the world
40% or more of pneumococcal isolates are penicillin resistant. Polysaccharide
pneumococcal vaccines have been under investigation for many years and after the
successful trials of these vaccines in South African miners, they became available for
use in adults in most developed countries about 20 years ago. Initially 14-valent
vaccines were produced, but since 1983 the standard has been a 23-valent vaccine,
which is now produced by several manufacturers. This vaccine provides good cover
of the serotypes causing pneumococcal disease in adults in those settings where it
has been studied, and it is relatively inexpensive. The potential role of the new
conjugated pneumococcal vaccines in adults is unclear.

Uptake of pneumococcal polysaccharide vaccines in adults has been variable and
generally modest. Poor surveillance systems and subsequent lack of understanding
of disease burden, even in developed countries, has contributed to this. In addition
efficacy has been difficult to determine and the published literature provides conflicting
evidence. These problems are compounded by variable immunogenicity,
limited duration of antibody responses and lack of immunological memory with this
type of vaccine. Indeed, there are few data on which to base serological correlates of
protection so it is unclear what the antibody responses actually mean. In addition
there is a perception that revaccination is associated with an increased incidence of
local reactions.

In developing countries there are almost no data on the incidence of pneumococcal
disease in adults, although it is probably higher than in developed countries and it is
clear that HIV-infected persons are at higher risk. Paradoxically, the best evidence
that pneumococcal polysaccharide vaccines are effective comes from studies in two
developing countries (South Africa and Papua New Guinea).

From a practical point of view the key question to define the use of pneumococcal
polysaccharide vaccines in developing countries is the vaccine-preventable burden
of disease in adults in developing countries. Epidemiological studies of pneumonia
and invasive pneumococcal disease will go some way to answering this question, but
the real answers will come from field trials of pneumococcal vaccine.

12. Adult vaccination
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Dr A. Scott presented an overview of the burden of pneumococcal disease in
adults in the developing world. He started by reiterating the point made by
Dr K. Cartwright: there are no community-based studies of unselected adults in the
developing world, and so there are no direct objective data on pneumococcal disease
burden. However, there are a number of studies that suggest that the burden is high.

Some studies in high-risk groups have documented extremely high rates of
disease. Several studies in South African gold miners described incidence rates of
50–90/1000 per year. Two community-based studies of pneumococcal disease in
HIV-infected adults in East Africa found an incidence of invasive pneumococcal
disease of 17–24/1000 per year. Extrapolation from studies in adults in high-risk
indigenous communities in Australia and North America suggest that in developing
countries the incidence of invasive pneumococcal disease will be about 35/100 000
per year in adults 20–59 years, and 50/100 000 per year in older adults. The Global
Burden of Disease study estimated that in 1990 there were 1.5 million deaths in
adults due to acute respiratory infections, mainly pneumonia, of which 973 000
occurred in the developing world, and 80% of which were adults over 60 years of
age. The study also estimated the number of episodes of pneumococcal meningitis in
adults 20–59 years to be 67 000.

Hospital data also provide clues as to the importance of pneumococcal disease,
particularly in relation to health service utilization. A study of five hospitals in eastern
and southern Africa suggested that one in eight admissions are due to pneumonia.
Four studies of the etiology of pneumonia in the developing world have found
pneumococcus to be associated with 38–58% of pneumonia episodes, so given the
insensitivity of the diagnostic methods used it seems reasonable to assume that
50–75% of adult pneumonia in the developing world is pneumococcal in origin.

During the 1970s, a large community-based trial of pneumococcal vaccine was
undertaken in Papua New Guinean adults. The study was undertaken in the highlands
where smoke exposure is high and there is a high rate of chronic lung disease in
adults. That study found a 19% reduction in lower respiratory tract infections and a
21% reduction in mortality from all causes in vaccine recipients.

Dr Scott went on to discuss the options for studying the burden on adult pneumococcal
disease in the developing world. He discussed the problems associated with active
surveillance for pneumococcal disease, or active surveillance for radiological
pneumonia. The “vaccine probe” approach was considered to be the most useful
method, but it must be remembered that this approach relies on vaccine efficacy,
and low vaccine efficacy will lead to an underestimate of the burden of pneumococcal
disease.

Drs F. Jamal and D. Fedson then gave a report on a meeting that was held jointly by
the Marcel Mérieux Foundation and WHO in Hanoi to review the present state of
adult immunization against influenza and pneumococcal disease in Asia.
The proceedings of that meeting are published in Vaccine. (6) In that meeting
presentations were given on the global burden of pneumococcal disease, strategies
for its control and available evidence for the efficacy of pneumococcal polysaccharide
vaccine in adults. Prior to the meeting the organizers had endeavoured to locate any
investigators in the region who may have data on the burden of pneumococcal disease
in Asian adults. Incidence data from Australia and New Zealand were presented,
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but for most other parts of Asia data presented were scanty or related to studies in
children. This exercise confirmed the view that remarkably little is known about the
burden of pneumococcal disease in Asia and in the developing world in general.

The final recommendations of the meeting concluded that at present there are
insufficient data on disease burden on which to base a recommendation for the general
use of pneumococcal vaccine in Asian adults, although known high-risk groups should
be encouraged. The meeting recommended strongly that studies of pneumococcal
disease burden should be undertaken in Asian adults, including adults known to be
infected with HIV. The suggestion was made that a suitable way to address this
problem would be by the use of the “vaccine probe” approach in which a vaccine
trial is used as a method of determining the burden of disease.

Following the discussion, the following resolutions were agreed to for the content of
this session:

1. Attempts should be made in several sites to determine the burden of invasive
pneumococcal disease in adults by culture of blood, pleural fluid and
cerebrospinal fluid.

2. A field trial in a developing country should be undertaken with the aim of
using a pneumococcal conjugate or conjugate/polysaccharide combination to
expose the vaccine-preventable burden of pneumococcal disease in adults.
Consideration should be given to combining this with a trial of influenza
vaccine.
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Dr M. Kane presented an overview of the importance of vaccine introduction studies
for hepatitis B and Hib vaccines. Vaccine introduction studies are performed for a
variety of reasons, which may include (1) delineation of operational issues relevant
to introduction of a new vaccine; (2) confirmation or quantitation of impact and
(3) development of support among the public and health and government professionals
for national immunization programmes. Vaccine introduction studies thus include
collection of data on operational and impact issues. Early introduction studies on
Hib conjugates were important to confirm impact, and have had a very positive
effect on adoption of vaccines in the study countries, and neighbouring countries.
In addition, clear evidence of safety and acceptance from nearby countries is
important for country decision-makers.

It is difficult to define precisely how many vaccine introduction studies are necessary
for specific vaccines a priori. The decision on whether to do an introduction study in
a particular country will depend on variables such as how much data already exists
from other countries, concerns of the public and medical community, and the perceived
importance of the disease and its prevention.

Dr J. Clemens then reviewed in detail a classification of introduction studies.
Introduction studies are considered after basic safety and efficacy have been
confirmed in phase III trials, but when additional information is felt to be necessary
to make policy decisions. Questions, which may remain after the licensing trials are
completed, include issues related to long-term safety and efficacy, acceptability and
impact (direct and indirect).

Measurement of impact is especially important. For example, for pneumococcal
disease, measurement of morbidity is limited by conventional microbiologic diagnosis.
Mortality measurements are difficult to measure in phase III trials, and the potential
of replacement morbidity and mortality is real.

Four main types of introduction studies were defined. Conventional demonstration
projects introduce the vaccine as a routine immunization, and use before and after,
or cohort/case control analysis to evaluate impact. Conventional efficacy trials
randomize individuals to vaccine or control, and compare disease incidence in each
group. Parallel effectiveness trials randomize clusters of persons to the intervention,
and measure incidence by clusters. Step-wedge trials phase introduction into clusters,
and compare impact in clusters that have been phased in to those which have not
been phased in.

13. Vaccine introduction studies
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Each of the four designs can estimate impact on disease and mortality and evaluated
replacement phenomena. However, the different designs vary by ethical acceptability,
sample size requirements, complexity, ability to assess impact on transmission,
potential bias, and generalizability.  The strengths and weaknesses of the various
designs are summarized in the table 5.

Table 5: Strengths and weaknesses of the various designs
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Thus, the design of an effectiveness trial must be developed in the context of the
needs and situation of the country.

The following recommendations came out of this session:

1. Effectiveness studies can provide additional evidence for impact of vaccines
when introduced into routine immunization programmes. These should also
address the impact of new vaccine introduction on the vaccination programmes
and include economic analyses.

2. Evaluations should be undertaken in countries introducing Hib or
pneumococcal vaccines that are not conducting formal effectiveness studies.
These should include assessment of impact on disease burden, decision-making
processes, experience with purchasing and supply, public acceptance,
and programmatic issues such as vaccine coverage and wastage.
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Ms A. Batson presented an overview of demand, supply and capacity and the
importance of planning for assuring adequate vaccine supply. Starting with a relatively
simple view of vaccine introduction, she highlighted several misconceptions.

� First, the demonstrated “need” in the epidemiological sense does not equal
demand in the market sense. Demand for the vaccine follows from
(1) recognition of national need, (2) a delivery infrastructure and (3) available
financing. These critical components include value, affordability, a national
budget, and often international assistance or input.

� Second, demand does not equal purchase, but rather, the purchase of an
amount of vaccine requires (1) demand; (2) a time (planned) for introduction;
and (3) guaranteed financing (money in hand).

� Finally, demand and market are linked with capacity. Production lead time
from decision to product is at least 3 years, requires substantial investment,
and is based on expected return, which can only be estimated from
today’s demand and financing. In addition, vaccine production is very scale
sensitive – as volume increases, cost per dose declines. The larger the
volume the more a manufacturer needs to sell and the more flexible the price
(a capacity–cost–price link).

To accelerate availability/affordability and thus introduction, it is critical to address
issues at various steps in the cycles in a linked, coordinated fashion. We are making
some progress on the learning curve. Hepatitis B was the first learning experience.
For Hib, a useful action plan was developed outlining problems and necessary actions,
but this occurred years after the product was available. For rotavirus there was
earlier discussion and identification of necessary steps, but at the time of licensure
there were inadequate data on efficacy in developing countries.

During the discussion, the influence of price on the perceived need was raised.
Why gather data if the vaccine cannot be afforded? However, it was noted that the
process was iterative and cycles need to be repeated several times. Addressing the
cycles will not be a rigid process, but as earlier dialogue with all the partners occurs,
affordable prices will be attained earlier in the life cycle.

It was agreed that a guaranteed market was important for industry. The Pan American
Health Organization has played an important role to guarantee financing for
some vaccines, but the PAHO situation cannot be extrapolated everywhere.
UNICEF may play a similar role.

14. Vaccine quality, supply and
financing
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Dr N. Dellepiane reviewed technical issues impacting capacity. For example,
current Hib conjugate vaccine capacity is in the range of 80 million doses per year of
lyophilized vaccine, and 30–40 million doses per year of liquid vaccine. With a birth
cohort of 110 million, this is only about 1/3 of the amount needed per year assuming
all countries would adopt the vaccine. The multiple formulations and presentations
(liquid or lyophilized, combined with DTP and other antigens), further complicate
decisions to increase capacity. In the short term, capacity may be increased by
additional products awaiting licensure. In the longer term, technology transfer to
local producers, and expansion of capacity by current producers, either through
expanding current plants or building new ones, are their only options. Each of these
decisions will be made only if there is a credible market, with known demand and
available funds. WHO can assist by: (1) defining characteristics of most relevant
formulations; (2) development of introduction plans; (3) accurately estimating
demand; (4) supporting viability studies for local manufacturers to assist current
producers to develop partnerships; (5) strengthening national control authorities and
(6) working to rapidly pre-qualify vaccine for purchase by UN agencies.

In the discussion, it was noted that we must have a market demand. This should be
guaranteed, then the capacity would come by very fast. The critical question was
what could we do to help generate that market?

Dr M. Miller from the CVI presented information on the utility of economic analysis
in new vaccine introduction. First, a model for cost effectiveness was presented,
which, with input of data that is generally available (or at least can be estimated),
produced a one page summary including annual costs, deaths and disease prevented,
and cost per death or per DALY. These data have already been used in several
developing countries as part of the decision-making process.

In addition, a model of the contribution of various epidemiological, socioeconomic
and vaccine factors potentially related to new vaccine introduction, to introduction
of hepatitis B vaccine by 1998, was presented. This model showed that a combination
of epidemiological burden, per capita GNP, and a measure of the strength of the
infrastructure in a country had an 87% predictive value for accurately identifying
countries which had introduced hepatitis B vaccine. This evaluation helps to answer
the question of why, although these vaccines would be considered cost efficacious,
they are not always taken into routine schedules? A similar model for Hib conjugate
use appeared to be similarly predictive. These data suggest that influencing these
issues (perception of disease burden, cost and the strength of the immunization
programme), may have an impact on vaccine uptake. For example, for Hib, if the
current cost was decreased by 50%, the model predicted an additional 20 countries
would adopt specific new vaccines; and if it was decreased by 75%, an additional
65 countries. Conversely, the model could be used to predict when and which
additional countries would adopt specific new vaccines.

Dr W. Hausdorff presented information on Hib vaccine pricing for developing
countries, recognizing that affordability is a function of cost, ability to pay, willingness
to pay (perception of value) and who actually pays. One important issue is what are
the most appropriate pricing comparators. Potential comparators include price per
GNP per capita vs. the US standard, which may be less appropriate than price relative
to other prices in the country (antibiotics/those of commonly purchased
pharmaceuticals/Coca Cola). In addition, it was noted that assuring a sustainable
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supply is not just a function of price, but both price and volume. Finally, targeting
the poorest countries may be a mistake, since lowest prices still must take advantage
of economies of scale, and some of that scale can come from the not-so-poor countries.
Dr Hausdorff suggested a pragmatic approach, avoiding the zero sum mentality and
critically examining innovative funding approaches in different countries.

In subsequent discussions, Dr C. Broome raised the issue of cost recovery,
either through user fees, private insurance, and direct paying of individuals at the
time of use. Apparently in some areas of China cost recovery procedures were
working for hepatitis B introduction, but this may have been limited to urban areas.
Dr S. Landry noted that a study conducted on various methods for cost recovery
showed disappointing results – only 10% of total cost was recouped. It was also
suggested that it is useful to examine why such programmes may work in one country
and not in another.

The potential role of enhancing private demand was also noted. If there is private
demand, there is no reason to restrict it and it is reasonable to look explicitly at how
the private market fits into the general scheme. All options should be made available.
This may open the door, and some years later these vaccines will become part of the
national programme.  Dr Kane suggest that WHO should not intervene in what
people can buy on their own. WHO’s interest is in public sector in developing
countries: to buy appropriate vaccines in public sector as efficiently as we can.

Dr Y. Madrid summarized the recent CVI meeting on sustainable financing for
vaccination programmes. The meeting addressed immunization in the context of
health reform; costs, sources and distribution of immunization financing;
country needs and priorities; responsibilities and coordination in immunization
financing; and financing options. It identified specific areas of further work, including:
improving information sources and costs; developing advocacy tools (short and long
term); establishing criteria and coordinated mechanisms for targeting external support;
elaborating specific proposals for global financing mechanisms; and comprehensively
reviewing the options available involving financing, supply and pricing.

During the discussion, Dr Kane noted that the Bill and Melinda Gates Children’s
Vaccine Programme has provided 100 million dollars for promoting equal access to
new, life-saving vaccines worldwide. The organization is headquartered at PATH,
Seattle, and will concentrate on new, underused vaccines: HBV, Hib, rotavirus,
pneumococcal vaccines. Much of the work will initially be focused on the downstream
side – much less on laboratory, more on clinical trials and introduction.
The recommendations from meetings such as this will be important in focusing
activities. Financing issues will be a major interest. In addition, an advocacy
programme based on the right of children to these vaccines, relations with industry,
will be promoted.

The following recommendations came out of this session:

1. Rational strategic plans for regions (or economic groupings of nations) and
countries should be developed for immunization programme improvement and
new vaccine introduction, including appropriate and attainable financing plans.

2. Cost-effectiveness methodologies and results, should be made available to
countries deciding on Hib or pneumococcal vaccine introduction.
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3. Dialogue should be pursued with manufacturers, UNICEF and others involved
with purchase of vaccines to ensure that attainable pricing structures are
achieved.

4. To assist manufacturers, National Control Authorities, and those involved with
vaccine purchasing, WHO should update recommendations on the production
and quality control of Hib and develop those for pneumococcal vaccines.

5. Analysis of intellectual property rights, cost of processes and production capacity
for pneumococcal vaccines should be undertaken to assess potential costs and
availability of these products.

6. To assist manufacturers with planning for production capacity, reliable estimates
of demand for Hib and pneumococcal conjugate vaccines are necessary.
These should be prepared on a yearly basis, and include combination products.
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Dr S. Qazi began the session by addressing the question of who should participate in
decision-making for vaccine introduction. He stated that such decisions are most
likely based on burden, cost effectiveness and relationship to other interventions,
and then developed the current scenario. Of deaths in children, 55% are caused by
ARI, diarrhoea, malaria, measles and malnutrition. Children in Africa have a
disproportionate share of this mortality. However, in other areas, ARI case
management has decreased ARI mortality by over 30%, and decreased ARI
hospitalizations and antibiotic prescriptions. The Integrated Management of
Childhood Illness (IMCI) programme, developed and promoted by the Department
of Child and Adolescent Health and Development at WHO, incorporates
management of sick children, nutrition and immunization. The decision to add a new
vaccine cannot be done in a vacuum, separate from other interventions and
programmes. Thus, decisions on new vaccines should include EPI, paediatricians
and public health professionals, as well as health planners, health system specialists,
vaccine manufacturers and regulatory personnel.

During the discussion period, concern was expressed over the concept of a zero sum
game, such that countries have to decide between IMCI and new vaccines. This was
not perceived as a necessity, however, since IMCI incorporates some immunization
programmes. However, it was noted as an area that needed increased attention to
assure rational assessment of priorities and preparation of programmes.

It was also noted that there were potential strong synergies for vaccines and IMCI.
Most specifically, introduction of Hib or pneumococcal vaccines could reduce
antimicrobial resistance in organisms potentially causing pneumonia, and thus,
simpler and cheaper antibiotic regimens could be introduced into IMCI-type
algorithms. Similarly, IMCI encounters could be enhanced to reduce the number of
missed opportunities for routine immunization, and to introduce new vaccines.
Along this line, data from Peru suggest that 80% of children sent for care of diarrhoea
were discharged without getting appropriate immunizations.

Dr S. Landry then discussed factors influencing the decision to adopt new vaccines
into national immunization programmes, and the concept that money may not be all
that is needed. Much progress has been made with hepatitis B in Asia and Hib vaccine
in the Americas, and much may be learned from these experiences. He warned that
although there has been renewed emphasis on financing, a number of factors led to
vaccine introduction, and there must be more emphasis on advocacy in a variety of
areas. Increased advocacy is important on several levels.

15. Advocacy for new vaccines
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On the global level there are major information and technical assistance needs,
including: (1) global recommendations for specific vaccine use; (2) provision of clear
rationales for prioritization of vaccines; (3) promotion of the concept of availability
of a global vaccine supply at a reasonable price; (4) advocacy for financing options;
and (5) promotion of new options for vaccine delivery.

At the country and regional level, assistance is needed to clarify and enhance local
perceptions of disease burden and affordability, and to increase familiarity with
financing, advocacy and communication techniques. However to characterize more
precisely these needs, and which points will be most useful to focus attention on,
additional work is needed to study determinants of vaccine introduction. Studies of
“elites” in developing countries may address some of this. In addition, experience
from generic campaigns and specific new vaccine introductions may also contribute
to our knowledge of this aspect of new vaccine introduction.

During the discussion period there was general agreement that additional work is
needed to clarify determinants of vaccine introduction and enhance advocacy in
appropriate areas. It was also noted that we need to go further and to be certain that
what decision-makers are being told by UNICEF, WHO and other partners is
consistent and correct. There are many stories of one organization pushing
introduction of a specific new vaccine, while a sister organization opposes the move.

Dr R. Steinglass brought up the broader issue of decline in national immunization
programmes in general since the early 1990s. This situation also requires advocacy
for revitalisation of immunization delivery services globally.

Dr R. Widdus presented the final talk on advocacy, stressing that: (1) the principal
determinants of new vaccine introduction are political; and (2) scientific information
is necessary, but not sufficient, for vaccine introduction. A number of models for
vaccine introduction were discussed. On the general level, introduction can be seen
as a direct result of interaction of health sciences with public demand and governmental
policy and funding. A behavioural change model is more complicated, but also may
identify more specific actions which will effect vaccine introduction. The model
presented centres around perceived threat of disease. Directly contributing to the
threat perception are: (1) target disease recognition (influenced by perceived
susceptibility – i.e. incidence and prevalence; perceived severity case fatality, etc.);
and treatment cost; (2) epidemiological and demographic factors (such as societal
norms, competing priorities); and (3) specific cues to action (such as epidemics,
media coverage, private sector use, international recommendations).  The likelihood
of action is a balance between the perceived benefits and perceived risks of adoption
of the vaccine. Models such as these, applied to specific countries and vaccine
introductions, may lead to useful interventions to accelerate new vaccine use.

The following recommendations came out of this session:

1. Advocacy for the importance of pneumonia, meningitis and otitis media,
and the value of Hib and pneumococcal conjugate vaccines, is critically needed
at several levels, including international organizations, regional and national
authorities, the medical community and the public. A strategic plan for
advocacy should be developed with the assistance of advocacy professionals,
and steps should be undertaken to implement this plan.
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2. Generic educational material should be prepared for Hib and pneumococcal
conjugate vaccines for use in introduction activities in regional and national
programmes. Use of this material should be directed by surveys of attitudes in
the medical establishment and the general public.
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Note: Recommendations are in draft form at this point. They are ordered by priority
within each heading as represented by the number in square brackets following each
resolution:

[1] = high

[2] = medium

[3] = lower priority

Disease burden

Hib disease

1. The ongoing Hib invasive disease burden studies in Asia, Central America
and Eastern Europe are endorsed. Additional studies may be appropriate as
required by national public health authorities. [1]

2. The Hib vaccine introduction study designed to evaluate Hib pneumonia burden
in Indonesia should be supported, and may provide critical information for
consideration of Hib vaccine in that area. [1] Similar studies, which should
include a cost component, may be necessary to provide confirmatory evidence
of vaccine-preventable Hib disease in countries and regions where this
information is critical to decisions about use of the vaccine. [1]

3. Since Hib and pneumococcus probably account for over half of all bacterial
pneumonia confirmed by chest X-ray, a study of the combined impact of Hib
and pneumococcal vaccines in the same population should be undertaken to
accelerate the introduction of both vaccines. [2]

4. Studies exploring explanations (such as immunological characteristics,
societal practices and economic status) for low incidence of Hib disease
(after such has been established through well-designed and conducted studies)
are encouraged. [3]

5. An inexpensive, easy-to-use rapid test for Hib meningitis, which is both
sensitive and specific, would be helpful in promoting assessment of Hib disease
burden. [3]

16. Recommendations
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Pneumococcal disease

1. In areas where the burden of pneumococcal disease in childhood is unknown,
efforts should be made to determine the burden of pneumonia and other
manifestations of pneumococcal disease by making population-based
measurements of the burden of proven invasive pneumococcal disease and of
severe pneumonia, regardless of etiology. These studies should include studies
of the economic burden of pneumococcal disease. In addition, smaller studies
of the burden of childhood pneumonia should be encouraged in a range of
developing country settings. WHO should develop generic protocols to assist
with the conduct of these studies. [1]

2. Attempts should be made in several sites to determine the burden of invasive
pneumococcal disease in adults by culture of blood, pleural fluid and
cerebrospinal fluid. [1]

3. A field trial in a developing country should be undertaken with the aim of
using a pneumococcal conjugate or conjugate/polysaccharide combination to
expose the vaccine-preventable burden of pneumococcal disease in adults.
Consideration should be given to combining this with a trial of influenza
vaccine. [1]

4. WHO should convene a new study to estimate the global burden of childhood
pneumonia and pneumococcal disease. This should include children of all ages,
the impact of antimicrobial resistance, and a separate estimate of the impact of
HIV on the burden of pneumococcal disease. [2]

5. Systematic upgrading of surveillance systems for pneumococcal disease,
including clarification of case definitions, CSF and blood culture capacity,
and central laboratory typing ability in developing countries should
be undertaken as a means of promoting appreciation of the disease
burden, and monitoring the spread of antimicrobial resistance. This will
improve patient care as well as providing valuable data on the potential impact
of vaccination. [2]

6. Antimicrobial resistance and its effect on the treatment of disease should
be monitored. Studies should be undertaken to examine the effect of vaccination
on antimicrobial resistance levels, and on patterns of use of antimicrobial
agents. [2]

Effectiveness

Hib and pneumococcal vaccines in infants

1. Identification of less expensive Hib vaccine regimens may facilitate introduction
of Hib vaccine into some countries. Immunogenicity studies of such regimens
to identify those which may be as protective as the current regimens should be
supported. These may include, for example, studies of a single-dose regimen
of Hib conjugate vaccine. [1]

2. Because of the potential increased serotype coverage and reduced cost of
common protein antigen-based pneumococcal vaccines, further evaluation of
immunogenicity, safety and efficacy of these vaccine candidates in humans
should be encouraged.  Studies specifically looking at combinations of the
candidate protein vaccines should be encouraged. [1]
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3. Studies should be conducted to monitor the effect of pneumococcal vaccination
on the pattern and distribution of pneumococcal serotypes, both invasive and
nasopharyngeal isolates, during and after pneumococcal vaccine trials. [1]

4. Pneumococcal conjugate vaccine trials in developing countries should be
designed to enable population-based estimates of the burden of pneumococcal
disease that is preventable with the current vaccines. This should include
mortality (where feasible), severe pneumonia and important non-severe
manifestations of pneumococcal disease such as otitis media and non-severe
pneumonia. [1]

5. Recognizing the substantial burden of mortality due to pneumococcal disease
in developing countries that occurs during the first 3 months of life,
studies should be undertaken to identify the optimal strategies for control of
early pneumococcal disease. [1] The safety and immunogenicity of neonatal
pneumococcal conjugate vaccination should be evaluated. If initial results are
promising, plans should be developed to evaluate the effectiveness of a regimen
including a neonatal dose. [1] Studies of maternal and prematernal immunization
should be considered. Maternal and neonatal immunization studies should follow
the principles articulated in the Report on the meeting on maternal and neonatal
pneumococcal immunization published by WHO. (7) In addition the safety of
administering pneumococcal vaccines to HIV-positive subjects must be
considered and addressed. [2]

6. Demonstration that a three or four dose infant regimen of pneumococcal
conjugate vaccine prevents invasive pneumococcal disease and severe
pneumonia should not preclude the evaluation of simpler, more affordable
regimens. Given the limitations of the schedules currently under evaluation
for the control of pneumococcal disease in developing countries, phase II studies
should be undertaken to evaluate a range of alternative regimens that may
have the attributes of lower cost, simplicity and better disease prevention
potential. [2]

7. If pneumococcal conjugate vaccines are not available in developing countries
in the near future, a potential approach to prevention remains the polysaccharide
vaccine. A field trial of the effectiveness of: (a) a single dose of pneumococcal
polysaccharide vaccine at 9 months; and (b) maternal immunization followed
by a single dose at nine months should be performed in a high infant mortality
area. [2]

8. The safety and immunogenicity of pneumococcal vaccine in malnourished
children should be determined. [2]

9. The effectiveness of pneumococcal conjugate vaccines in HIV-infected children
should be determined, including the impact of vaccination on the progression
of HIV disease. [2]

10. Efforts to identify correlates of protection from pneumococcal disease should
be strengthened within trials and within the unvaccinated community.
These should include comparisons of ELISA antibody titres with
opsonophagocytic assays in both infants and adults, in response to vaccination
with both polysaccharide and conjugate vaccines. [2]

11. There is a need to develop more sensitive and specific tools for the diagnosis of
pneumococcal disease, particularly pneumonia. [3]
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12. Mathematical modelling provides an important tool to assist in the
interpretation of pneumococcal vaccine trials, particularly in relation to the
impact of pneumococcal vaccination on pneumococcal carriage. [3]

Introduction, supply and financing

Vaccine introduction studies

1. Effectiveness studies can provide additional evidence for impact of vaccines
when introduced into routine immunization programmes. These should also
address the impact of new vaccine introduction on the vaccination programmes
and include economic analyses. [1]

2. Evaluations should be undertaken in countries introducing Hib or
pneumococcal vaccines, which are not conducting formal effectiveness studies.
These should include assessment of impact on disease burden, decision-making
processes, experience with purchasing and supply, public acceptance and
programmatic issues such as vaccine coverage and wastage. [1]

Vaccine quality, supply and financing

1. Rational strategic plans for regions (or economic groupings of nations)
and countries should be developed for immunization programme improvement
and new vaccine introduction, including appropriate and attainable financing
plans. [1]

2. Cost-effectiveness methodologies and results, should be made available to
countries deciding on Hib or pneumococcal vaccine introduction. [1]

3. Dialogue should be pursued with manufacturers, UNICEF and others involved
with purchase of vaccines to ensure that attainable pricing structures are
achieved. [1]

4. To assist manufacturers, national control authorities and those involved with
vaccine purchasing, WHO should update recommendations on the production
and quality control of Hib vaccine and develop those for pneumococcal vaccines.
[2]

5. Analysis of intellectual property rights, cost of processes and production capacity
for pneumococcal vaccines should be undertaken to assess potential costs and
availability of these products. [2]

6. To assist manufacturers with planning for production capacity, reliable
estimates of demand for Hib and pneumococcal conjugate vaccines are
necessary. These should be prepared on a yearly basis and include combination
products. [3]

Advocacy

64. Advocacy for the importance of pneumonia, meningitis and otitis media,
and the value of Hib and pneumococcal conjugate vaccines is critically needed
at several levels, including international organizations, regional and national
authorities, the medical community and the public. A strategic plan for
advocacy should be developed with the assistance of advocacy professionals,
and steps should be undertaken to implement this plan. [1]
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65. Generic educational material should be prepared for Hib and pneumococcal
conjugate vaccines for use in introduction activities in regional and national
programmes. Use of this material should be directed by surveys of attitudes in
the medical establishment and the general public. [2]
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