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Abstract For more than 30 years, vaccines have played an important part in pneumonia prevention. Recent advances have created
opportunities for further improving child survival through prevention of childhood pneumonia by vaccination. Maximizing routine
immunization with pertussis and measles vaccines, coupled with provision of a second opportunity for measles immunization, has
rapidly reduced childhood deaths in low-income countries especially in sub-Saharan Africa.

Vaccines against the two leading bacterial causes of child pneumonia deaths, Haemophilus in uenzae type b (Hib) and
Streptococcus pneumoniae (pneumococcus), can further improve child survival by preventing about 1 075 000 child deaths per
year. Both Hib and pneumococcal conjugate vaccines have proven safety and effectiveness for prevention of radiologically con rmed
pneumonia in children, including in low-income and industrializing countries. Both are recommended by WHO for inclusion in national
programmes, and, at sharply tiered prices, these vaccines generally meet international criteria of cost-effectiveness for low-income
countries. Vaccines only target selected pneumonia pathogens and are less than 100% effective, so they must be complemented by
curative care and other preventative strategies.

As part of a comprehensive child survival package, the particular advantages of vaccines include the ability to reach a high
proportion of all children, including those who are dif cult to reach with curative health services, and the ability to rapidly scale up
coverage with new vaccines. In this review, we discuss advances made in optimizing the use of established vaccines and the potential

issues related to newer bacterial conjugate vaccines in reducing childhood pneumonia morbidity and mortality.
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Une traduction en fran ais de ce rdsumd gure la n delarticle. Al nal del artculo se facilta una traducci n al espazol.

Introduction

Pneumonia is the commonest cause
of childhood mortality, particularly in
countries with the highest child mor-
tality, and it has been identi ed as the
major forgotten Killer of children by
the United Nations Childrens Fund
(UNICEF) and WHO.* Almost all
(99.9%) child pneumonia deaths oc-
cur in developing and least developed
countries, with most occurring in sub-
Saharan Africa (1 022 000 cases per
annum) and South Asia (702 000 cases
per annum). Of all pneumonia deaths,
47.7% occur in the least developed
countries, most of which are eligible to
get support for the purchase of vaccines
and development of their immuniza-
tion programmes through the GAVI
Alliance.?

Although various pathogens may
cause pneumonia, either singly or in
combination, the available evidence,
including the e ectiveness of case

management, suggests that two bacte-
ria are the leading causes: Haemophilus
in uenzae type b (Hib) and Streptococcus
pneumoniae (pneumococcus).> WHO
estimates that in 2000, Hib and pneu-
mococcus together accounted for more
than 50% of pneumonia deaths among
children aged 1 month to 5 years.*
Several e ective vaccines are avail-
able for the prevention of childhood
pneumonia, including two vaccines
provided in immunization programmes
in all countries, Bordetella pertussis and
measles vaccines, and two relatively
new vaccines, Hib conjugate vaccine
(HibCV) and pneumococcal conjugate
vaccines (PCVs).

In this paper, we aim to contextu-
alize the potential role for vaccines as
part of a package of childhood inter-
ventions, aimed at reducing childhood
pneumonia morbidity and mortality.
We summarize progress in the reduc-
tion of childhood pneumonia mortal-
ity with measles and pertussis vaccines;

review the e ectiveness of newer bacte-
rial conjugate vaccines against pneumo-
nia; and discuss the potential hurdles
and likely solutions to ensure that
pneumonia vaccines reach the popula-
tions at the greatest risk of pneumonia
mortality.

Search strategy and
selection criteria

We identi ed publications on the role
of bacterial conjugate vaccines against
pneumonia by searches of PubMed.
Search terms included pneumococcal
conjugate vaccine , Hib conjugate vac-
cine , radiological pneumonia , bacte-
rial conjugate vaccine , radiograph ,
pneumonia , child , diagnosis and
vaccine . Articles were selected on the
basis of their relevance to pneumonia
assessment in children. e summary of
the role of measles and pertussis vaccines
against pneumonia was sourced through
the identi cation of key papers.
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Control of pertussis and
measles

e last few decades have seen remark-
able progress in reduction of mortality
caused by pertussis and measles. E ec-
tive inactivated whole-cell pertussis
vaccines have been available since the
1950s and are included in most immu-
nization programmes worldwide. As a
consequence, WHO estimates that in
2003, 38.3 million cases and 607 000
deaths were prevented by the use of
pertussis vaccination.® However, pertus-
sis is still estimated to cause 295 000
390 000 childhood deaths annually,
with most deaths in countries with low
immunization rates and high mortality
rates.® Further gains can be made by
increasing coverage with three doses of
diphtheria-tetanus-pertussis vaccine in
infancy and the provision of booster
doses as appropriate.

e progress in reducing measles
mortality has been even greater. Pneu-
monia as a complication following
measles infection occurs in 2 27% of
children in community-based stud-
ies and in 16 77% of hospitalized
children.” Additionally, pneumonia
contributes to 56 86% of all deaths
attributed to measles.” e pathogen-
esis may be due to the virus itself or to
superimposed viral or bacterial infec-
tions occurring in 47 55% of cases.’
Pneumococcus is the most commonly
identi ed organism (30 50% of all
microbiologically con rmed tests).5°
In 1980, before the widespread use
of measles vaccination in developing
countries, there were more than 2.5
million deaths due to measles. is
declined to about 873 000 deaths in
1999.%° |n 2001, a measles mortal-
ity reduction strategy was begun in
47 priority countries with the highest
disease burden. is strategy consisted
of increasing coverage with the rst
routine dose of measles vaccine, provi-
sion of a second opportunity, through
supplementary immunization activi-
ties, appropriate case management and
improved surveillance. e widespread
implementation of this strategy, espe-
cially in priority countries in Africa,
led to a further 60% reduction in the
estimated measles deaths from 873 000
in 1999 to 345 000 in 2005.* A more
ambitious global goal of 90% mortality
reduction, compared with that in the
year 2000, has been set for 2010.
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HibCV and PCV effectiveness

Since 1996, the e ectiveness of HibCV
and PCVs for the prevention of child-
hood pneumonia has been established
through eight clinical trials and three
case control studies, and is backed by
numerous surveillance assessments
(Fig. 1).12 2

HibCV

e rst studies to show the e ective-
ness of HibCV for prevention of pneu-
monia were the randomized controlled
trials from Chile and the Gambia.??
Both studies showed signi cant protec-
tion against bacteraemic Hib pneumo-
nia (80 100%) and radiologically con-

rmed pneumonia (about 22%).  ese
studies also showed that the incidence
of culture-negative pneumonia cases
prevented was 5 to 10 times greater than
the incidence of culture-con rmed cases
prevented, supporting the observations
that most bacterial pneumonia goes un-
detected by routine diagnostic methods
and that vaccine trials are the most robust
approach to the estimation of the burden
of bacterial pneumonia.

More recently, additional clinical
trials and case control studies with
HibCV have extended our knowledge
to other geographic regions. A random-
ized controlled trial from Lombok in
Indonesia helped to uncover the burden
of Hib disease in Asia.** However, this
study showed a signi cant reduction in
the risk of clinical pneumonia but no
reduction in the risk of radiologically
con rmed pneumonia among vacci-
nated compared with unvaccinated
children. Rates of clinical meningitis
preventable by the vaccine were similar
to rates observed in Africa and other
high-risk areas. Consistent with the
other studies, the burden of pneu-
monia prevented was about 10 times
greater than the burden of meningitis
prevented.

Case control studies provide
additional evidence of the e ective-
ness of HibCV for prevention of
pneumonia.’® 2t A recent case control
study from Bangladesh showed that
Hib vaccination was associated with a
34 44% reduction in the risk of radio-
logically con rmed pneumonia.?* In
this study, HibCV was distributed by
use of a quasi-randomized approach
and adjustments were made for key
confounders. Estimates of high e ec-
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tiveness of vaccines against radiologi-
cally con rmed pneumonia have also
been reported from case control stud-
ies from Brazil (31%) and Colombia
(47 55%).1920

All of the studies that evaluated the
e ectiveness of HibCV against pneu-
monia used a primary series of three
doses of vaccine during infancy, albeit
with di erent starting age and intervals
between doses, and without an addi-
tional booster dose of vaccine provided
during the second year of life. Only
some of the later studies used a stan-
dardized approach for the interpreta-
tion of chest radiographs, which makes
itdi cult to compare studies.

PCVs

PCVs provide another e ective method
for pneumonia prevention in children
and their families. Data are currently
available from ve randomized con-
trolled trials of PCVs for prevention
of pneumonia in children.s 1822

e comparison of studies is facilitated
by the fact that each study used a
standard interpretation of chest ra-
diographs.2® All children in each study
received HibCV so the proportionate
reductions in radiologically con rmed
pneumonia were in addition to preven-
tion due to HibCV. e two studiesin
the United States of America (USA)
used seven-valent vaccine, and the two
in Africa used a nine-valent vaccine and
an 11-valent formulation was used in
the Philippines. e studies represent
a diverse range of epidemiological set-
tings including rural Africa with a high
infant mortality rate, urban Africa with
a high HIV prevalence, periurban Asia
with a high rate of antibiotic use, a Na-
tive American and a typical American
health-maintenance-organization
population.  ese studies found
reductions (20 37%) of radiologi-
cally con rmed pneumonia that
con rmed the importance of the
pneumococcal vaccine serotypes as
a cause of pneumonia.®® 1722 |jke
HibCV, the large fraction of prevent-
able disease is undetected by routine
diagnostic methods. e e cacy of
PCVs against vaccine-serotype bacter-
aemic pneumoniais high (67 87%),151¢
but comparisons to the incidence
of X-ray con rmed pneumonia or
clinical pneumonia show that up to
20 times more culture-negative cases
are prevented compared with culture
positive cases.?*
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Fig. 1. Global distribution of PCV and HibCV studies against radiologically con rmed pneumonia®”

Navajo, USA (rural)
(K O Brien, personal
correspondence)
American Indians
PCV-7 cluster randomized

The Gambia (semi-urban)*2

The Gambia (rural)t”

HibCV DBRCT PCV-9 DBRCT
VE: 22%; 95% Cl: 2 39; VE: 35%; 95% CI: 26 43;
VAR: 0.8 VAR: 14.9

Bangladesh (urban)?
HibCV case control study
VE hospital controls:

34%; 95% Cl: 6 44;

VE community controls:

VE: 2%; P >0.05

Northern California,
USAS
PCV-7 DBRCT
VE: 30%; 95% Cl: 11 46

Colombia (urban)?
HibCV case control study
VE: 55%; 95% Cl. 7 78

Chile (urban)?
HibCV RCT (retrospective)
VE: 22%; 95% CI: 7 43;
VAR: 1.1

44%; 95% CI: 20 61

Philippines (rural)??
PCV-11 DBRCT
VE: 22.9%;

95% Cl: 1 41

0 908 ¢

PCV-9 DBRCT
HIV infected children:
VE: 9%; 95% Cl:

Brazil (urban)®®
HibCV case control study
VE: 31%; 95% Cl: 9 57

VAR:9.1

VE: 25%; 95% CI: 4 40;
VAR: 1.0

South Africa (urban)6

15 27;

HIV non-infected children:

Indonesia (rural)*
HibCV DBRCT
VE: 12%; P >0.05

Cl, con dence interval; DBRCT, double-blind randomized controlled trial; HibCV, Haemophilus in uenzae type b conjugate vaccine; PCV, pneumococcal conjugate vaccine; USA,
United States of America; VAR, vaccine attributable reduction per 1000 child years of observation; VE, vaccine ef cacy based against radiologically con rmed pneumonia by use

of per-protocol analysis when available.

2 All the studies evaluating PCV, as well as the HIbCV studies in Indonesia and Bangladesh, used the WHO recommendations for interpreting and reporting on chest radiographs.?
® The study from Colombia used an algorithm score which included radiologically con rmed pneumonia as one of the criteria.

e use of a case-de nition that
is not speci c for vaccine serotype
disease (e.g. radiologically con rmed
pneumonia, which can also be due to
non-vaccine serotype pneumococci or
other pathogens) will provide a more
accurate estimate of the number of
cases prevented, but may underesti-
mate the proportionate reduction in
vaccine-type pneumococcal pneu-
monia.? Radiologically con rmed
pneumonia, although consistently used
as an outcome measure to assess PCV
e cacy, may nevertheless vary in its
sensitivity (76.5% in the Gambia versus
58.1% in South Africa) across diverse
settings.t”?* In the USA, 3 years after
PCV introduction, a 39% (95% con-

dence interval, Cl: 22 52) reduction
in pneumonia hospitalizations among
children less than 2 years old was ob-
served.?® e absolute rate reduction for
clinical pneumonia was 30 times greater

than the reduction in pneumococcal
pneumonia (506 versus 17 episodes
prevented per 100 000 child-years)
as per physician discharge diagnosis,
again highlighting the di culties in the
diagnosis of pneumococcal pneumo-
nia, even in industrialized countries,
and the substantial e ect of vaccination
that can be missed by culture-based
diagnoses. e higher than expected de-
cline in clinical pneumonia in the USA,
after the introduction of PCV, may
have been due to PCV preventing the
complication of a superimposed pneu-
mococcal infection in children who had
been infected by respiratory viruses.
Such superimposed pneumococcal dis-
ease in children with respiratory viral
infections was prevalent in almost a
third of children hospitalized with se-
vere pneumonia in the prevaccine era.?’

e important role of pneumococ-
cus in children with viral pneumonia
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was demonstrated in the South African
vaccine e cacy trial, in which children
vaccinated with nine-valent PCV were
31% (95% CI: 15 43) less likely to be
hospitalized for pneumonia in which a
respiratory virus was identi ed, includ-
ing 45% (95% CI: 14 64) less likely to be
hospitalized with pneumonia associated
with in uenza type A/B viruses.? Vacci-
nation of children with PCV may play an
important part in reducing the severity
of respiratory viral associated pneumonia
morbidity as well as in preparedness for
a future in uenza pandemic, because
pneumococcal pneumonia commonly
follows in uenza illness.® Unlike Hib
disease, which a ects mainly children
less than 2 years of age, pneumococ-
cal disease also occurs among older
children and adults. As a consequence,
PCV immunization of children may
confer protection to unvaccinated popu-
lations through herd protection.®0*
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In the USA, this indirect e ect of vacci-
nation has prevented two to three times
as many cases of invasive pneumococcal
disease as through the directe ect of vac-
cinating young children.®> e indirect
e ect is probably the cause of the 26%
(95% CI: 4 43) reduction in pneumo-
nia hospitalizations among those aged
18 39 years, 3 years after introduction
of seven-valent PCV in the USA .2

Surveillance for culture-proven
invasive disease is valuable because it
provides the only opportunity to moni-
tor the e ectiveness of vaccine against
speci ¢ serotypes and to detect changes
in the distribution of serotypes causing
disease. In the USA, the experience with
non-vaccine serotype disease has varied
across populations from the general
population where, after 6 years, increases
in non-vaccine-type disease are observed,
but remain small in relation to the decline
in vaccine-type disease compared with
indigenous populations in rural Alaska,
which have high rates of non-vaccine-type
disease 3 5 years after vaccine use.®?33
Serotype replacement in nasopharyngeal
colonization and otitis media has been
observed previously.®* e most robust
evidence of the value of PCVs for improv-
ing child survival comes from a trial in
the Gambia in which nine-valent PCV
reduced all-cause mortality by 16% (95%
Cl: 3 28) in vaccine recipients an ab-
solute reduction of 7.4 deaths prevented
per 1000 vaccinated children.t’

On the basis of disease burden
and the proven e ectiveness of HibCV
and PCV in diverse settings, WHO
recommends the inclusion of both
of these vaccines in routine immu-
nization programmes.??% Together,
HibCV and PCV, if applied every-
where, are expected to prevent at least
1 075 000 child deaths each year pre-
dominantly in developing countries,
and with herd protection additional
cases and deaths in older age groups.*

In uenza vaccines

Recent advances in the development of
intranasal cold-adapted live-attenuated
in uenza vaccines hold potential for
the reduction of childhood in uenza.*®

e e ectof in uenza vaccine has been
controversial, with one meta-analysis
suggesting relatively low e ectiveness
and limited data for children less than
2 years of age.®” A more recent analy-
sis has suggested that methodological
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problems with some studies have led
to underestimates of in uenza vaccine
e cacy in children.® Nevertheless, as
with subunit in uenza vaccines, which
may prevent 87% of in uenza associ-
ated pneumonia hospitalizations,®
e ective vaccination against in uenza
is dependent on the match between
the strains included in the vaccine and
circulating strains during any epidemic.

e inclusion of in uenza vaccination
as a current strategy for the reduction
of childhood pneumonia in many de-
veloping countries is complicated by
the need to mobilize children for vac-
cination seasonally, logistical issues of
cold-chain storage of the live-attenuated
vaccines, concerns regarding its reacto-
genicity in very young infants, and the
need for revaccination each year.

HIV infection and vaccination

Although children with HIV com-
prise less than 5% of the childhood
population, even in heavily-burdened
sub-Saharan African countries, these
children su er disproportionately from
pneumonia (nine times greater risk) and
are susceptible to pneumonia caused
by a greater variety of pathogens.?*4°
In South Africa, HIV-infected children
account for 45% of all childhood pneu-
monia morbidity and 90% of pneumo-
nia mortality.?** is high disease risk
and broader array of causes complicates
diagnosis and treatment and increases
the importance of prevention. Data on
HibCV and PCV in children infected
with HIV show no safety concerns. e
immune responses to HibCV and PCV
are, however, reduced quantitatively
and qualitatively attenuated. Antibody
titres are maintained for a shorter
duration, and memory responses are
impaired compared with HIV non-
infected children.*? 45 Suboptimum
immune responses (25 75%) have also
been observed against measles vaccine
in children with HIV not on antiret-
roviral drugs.*® For vaccinations in
general, reviews of the safety, immuno-
genicity and e ectiveness data of child-
hood vaccines in HIV-infected children
have recently shown that the response
to vaccines is strongly a ected by the
use of antiretroviral drugs.*® For ex-
ample, immune responses to PCV in
children with HIV on antiretroviral
therapy are similar to those in children
not infected by HIV.#
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PCV and HibCV are less e ective
against invasive disease in children
with HIV not treated with antiretro-
viral drugs (65% and 54%, respec-
tively), compared with children without
HIV (83% and 90%, respectively).164¢
Nevertheless, because of a 20 40 times
increased risk of illness from these bac-
teria, HIV-infected children still derive
a signi cant protective e ect and the
absolute burden of invasive disease and
pneumonia prevented by the vaccines
exceeds that of HIV non-infected chil-
dren.’®4¢ Within this context WHO has
recommended that countries with a high
prevalence of HIV prioritize the intro-
duction of PCV into their immunization
programmes.

Future vaccines

Although currently available vaccines
can prevent most pneumonia deaths in
children, additional research is needed
to de ne the cause of the remaining
cases of pneumonia and to develop vac-
cines against these pathogens. e next
agent preventable by vaccination may
be non-typeable H. in uenzae. A new
pneumococcal conjugate vaccine that
uses H. in uenzae protein-D as a con-
jugate protects against acute otitis media
caused by H. in uenzae,* and is cur-
rently being assessed for e ectiveness
against pneumococcal and H. in uenzae
pneumonia. Non-typeable H. in uenzae
is a pneumonia pathogen in Asia.>®
Other pathogens for which vac-
cines are currently being developed
include respiratory syncytial virus,
which is the most common viral patho-
gen (25 35%) identi ed in children
with pneumonia and bronchiolitis,2%3
and parain uenza virus type 3.5 Addi-
tionally, improved vaccines to protect
against pulmonary tuberculosis may
also contribute to the control of the
perpetual epidemic of childhood pneu-
monia. Mycobacterium tuberculosis
causes pneumonia in about 8% of HIV-
infected and HIV non-infected children
hospitalized with severe pneumonia in
sub-Saharan African countries.>%

Cost-effectiveness

Childhood vaccination is widely re-
garded as one of the most cost-e ective
disease prevention interventions.®’
Numerous studies show that routine
vaccination in developing countries
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with HibCV, PCV, pertussis vaccine
and measles vaccine meet the criteria
for highly cost-e ective health interven-
tions over a range of plausible assump-
tionsrelatedtoe cacy, price and disease
burden. A recent review of intervention
packages by Laxminarayan et al.>” shows
that programmes of childhood im-
munization and control of pneumonia
mortality in children are highly cost-
e ective. e review shows a moderate
cost-e ectiveness of Hib containing
vaccines. Laxminarayan et al. did not
report a cost-e ectiveness for PCV, but
a recent cost-e ectiveness analysis of
pneumococcal vaccination in countries
covered by the GAVI Alliance estimated
that, at a price of US$ 5 per dose, a
pneumococcal vaccine programme
would meet or exceed the WHO thresh-
old for very cost-e ective in 69 of the
72 eligible countries.®®  ese ndings
were conservative in the sense that they
did not assume any herd protection
among unvaccinated children or adults
and did not assume any direct pro-
tection beyond the age of 2.5 years,
although current evidence would
suggest that both of these bene ts are
likely. Previous cost-e ectiveness stud-
ies of HibCV and PCVs for developing
countries had similar results.*

Advantages

Newer vaccines to prevent pneumo-
nia can be delivered through existing
immunization programmes, which
in 2006 provided a third dose of
diphtheria-tetanus-pertussis vaccine to
about 79% of the worlds birth cohort
(WHO/IVB database). While vaccines
only cover a few speci ¢ pathogens and
only selected serotypes of some of the
pathogens targeted, immunization has
several other advantages that make it a
highly e ective tool for disease control.
Immunization confers durable, long-
lasting protection, it requires only a
few contacts to confer that protection,
is rapidly scalable and capable of reach-
ing populations who are hard to reach
through curative health services. Expe-
rience with introduction of hepatitis
B vaccine and HibCV has shown that
coverage with these vaccines can rapidly
be increased to the same levels as a third
dose of diphtheria-tetanus-pertussis
vaccine. Even when these vaccines were
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not delivered in combination with
diphtheria-tetanus-pertussis vaccines
and where the introduction was phased
within the country, coverage rates close
to those of a third dose of diphtheria-
tetanus-pertussis vaccine were achieved
in most countries in 3 to 5 years. In
countries where combination vaccines
were introduced nationwide, coverage
rates immediately increased to those
of a third dose of diphtheria-tetanus-
pertussis vaccine.

us, vaccines can rapidly reach a
high proportion of the population and
quickly lower disease rates. For some
diseases, herd protection can extend
the bene t of childhood vaccination to
other age groups as well, an advantage
that few other interventions can match.
For both HibCV and PCV, the use
of regimens with three doses given in
infancy is e ective, and current pro-
grammes in much of Africa and else-
where do not include routine delivery
of immunizations in the second year of
life (i.e. booster immunizations),
although close monitoring of disease is
required to determine the need for ad-
ditional doses in these settings.

Financing options

For many vyears, relatively high prices
and limited, short-term purchasing
nance obstructed the use of new vac-
cines in many developing countries.
With the creation of the GAVI Alli-
ance in 2000, nancing for the poorest
countries to access vaccines improved
greatly. e alliance started by provid-
ing countries with up to 5 years of
guaranteed nancing for vaccine pro-
curement and strengthening of immu-
nization systems. Financing included
support for expansion of vaccines to
pertussis and measles, and for the pur-
chase of HibCV. In 2005, the GAVI
Alliance had its funding extended for
10 years, and in recent years has seen its
total commitments increase from about
US$ 750 million to over US$ 6 billion.
is increase in funding includes more
than US$ 500 million for strengthen-
ing health systems and US$ 1.5 billion
for the purchase of PCVs through an
innovative mechanism known as the
Advance Market Commitment. To
build national ownership and encour-
age evidence-based decisions, the GAVI
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Alliance requires a small co-payment
(currently between US$ 0.15 and US$
0.30 per dose) from countries for new
vaccines such as HibCV and PCV. Early
experience with HibCV and hepatitis B
vaccines showed that overcoming the
nancial obstacles was necessary, but
not su cient, to accelerate introduc-
tion. e lack of evidence and policies
to support decision-making in countries
was also a major obstacle. In response,
the GAVI Alliance also provided solu-
tions by creating the Pneumococcal
Vaccines Accelerated Development
and Introduction Project and the Hib
Initiative.  ese dedicated teams pro-
vide support for surveillance, research,
cost-e ectiveness analyses and other
activities to encourage better decisions
by GAVI Alliance partners, interna-
tional agencies and national govern-
ments. e progress in assuring access
for low-income countries through the
GAVI Alliance has not been matched
by progress in lower-middle-income
countries. Some large countries with
income levels just above the limit
for GAVI Alliance-eligibility, such as
Egypt and the Philippines, have many
children living in poverty but lack the
national nancing to access new vac-
cines on their own. Without addi-
tional e orts to assure access for these
countries, it will be di cult to avoid a
situation of bimodal access to new vac-
cines, in which the richest and poorest
countries have access but those in the
middle are left to lag years behind.

The road ahead

Existing and new pneumonia vaccines
are an important part of any package for
the control of pneumonia in childhood.
Indeed, each of the vaccines reviewed
here is recommended by WHO for inclu-
sion in national programmes. With new,
sustained nancing available to many
developing countries, a major obstacle to
the use of new vaccines has been largely
overcome and the expanded use of all
pneumonia vaccines is largely within
reach of low-income countries. Although
the road ahead is smoother than before, a
great deal remains to be done. Success will
require political will to make pneumonia
prevention a priority, strengthening of
health systems to assure that vaccines
reach all children and continued research
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to stay ahead of the bacteria and viruses

that are already vaccine preventableandto  needed. [
develop new technologies for preventing
those without vaccines. Expanded sur-  Acknowledgement
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Vaccins destin@s pr@venir la pneumonie et  am@liorer la survie des enfants

Depuis plus de 30 ans, les vaccins jouent un r le important dans
la pr@vention de la pneumonie. Des progrts rdcents ont g@ndrd
des opportunitds d am@liorer encore la survie des enfants
travers la pr@vention par la vaccination des pneumonies infantiles.
La d@livrance au plus grand nombre possible des vaccinations
anticoguelucheuse et antirougeoleuse syst@matiques, associde
| offre d une seconde opportunitd de vaccination contre la rougeole,
ont permis de r@duire rapidement la mortalitd chez | enfant dans les
pays faible revenu, et notamment en Afrique subsaharienne.
Les vaccins contre les deux principales causes de
mortalitd infantile par pneumonie, savoir les bact@ries
Haemophilus in uenzae type b (Hib) et Streptococcus pneumoniae
(pneumocoque), peuvent permettre d accro tre encore la survie
des enfants, en pr@venant environ 1 075 000 d@cts infantiles
par an. Les vaccins anti-Hib et antipneumococcique conjugu@s
ont tous deux fait la preuve de leur innocuit@ et de leur ef cacit@
dans la pr@vention des pneumonies radiologiquement con rmdes
chez | enfant, et notamment dans les pays faible revenu et en

cours d industrialisation. L OMS recommande d introduire dans
les programmes nationaux de vaccination ces deux vaccins
qui, moyennant une forte modulation de leur prix, remplissent
g@n@ralement les critkres internationaux de rapport colit/ef cacit@
pour les pays faible revenu. Toutefois, ils visent s@lectivement
certains pathogtnes | origine de pneumonies et ne sont pas
ef caces 100 %, de sorte qu ils doivent Etre compl@tds par des soins
curatifs et par d autres strat@gies de pr@vention.

Dans le cadre d un ensemble complet d interventions
pour la survie de | enfant, ces vaccins offrent | avantage de
pouvoir atteindre une forte proportion des enfants, y compris
ceux dif ciles toucher par les services de sant@ curatifs, et de
permettre un @largissement rapide de la couverture des
nouveaux vaccins. Dans cette @tude, nous examinons les
progrts rdalis@s vers un usage optimal des vaccins @tablis et
les probltmes que pourrait soulever | utilisation de vaccins
antibact@riens conjuguds plus r@cents pour r@duire la morbiditd
et la mortalitd par pneumonie chez | enfant.

Resumen

Vacunas para prevenir la neumon a y mejorar la supervivencia infantil

Durante m&s de 30 azos las vacunas han sido un arma
fundamental para la prevenci n de la neumon a. Algunos
progresos recientes han brindado nuevas oportunidades para
seguir mejorando la supervivencia infantil previniendo la
neumona en la nizez mediante vacunaci n. La optimizaci n de
la inmunizaci n sistemé#tica con las vacunas antitosferinosa y
antisarampionosa, unida a la implementaci n de una segunda
oportunidad para la inmunizaci n contra el sarampi n, ha
reducido rkpidamente la mortalidad en la nizez en los pases de
ingresos bajos, sobre todo del ~frica subsahariana.

Las vacunas contra las dos causas bacterianas principales
de muerte por neumona en la infancia, Haemophilus in uenzae
tipo b (Hib) y Streptococcus pneumoniae (neumoc cico), pueden
mejorar aen mks la supervivencia infantil previniendo alrededor
de 1 075 000 defunciones infantiles cada azo. Las vacunas
conjugadas contra Hib y contra el neumococo han demostrado su
seguridad y e cacia en la prevenci n de la neumona con rmada
radiol gicamente en los nizos, tanto en los pases de bajos

ingresos como en los nuevos pa ses industrializados. La OMS
recomienda la inclusi n de ambas en los programas nacionales,
y a precios fuertemente escalonados estas vacunas satisfacen
en general los criterios internacionales de costoe cacia para
los pases de ingresos bajos. Las vacunas actean s lo contra
algunos de los agentes pat genos causantes de neumona y
su e cacia es inferior al 100%, de modo que requieren como
complemento atenci n curativa y otras estrategias de prevenci n.
Componente de un paquete integral de supervivencia
infantil, las vacunas presentan como ventajas particulares la
posibilidad de dar alcance a un alto porcentaje de nizos, incluidos
aquellos a los que los servicios de salud curativos s lo consiguen
llegar con grandes di cultades, y la posibilidad de expandir
rkpidamente la cobertura con vacunas nuevas. En este anklisis
consideramos los avances logrados para optimizar el uso de
las vacunas establecidas y las cuestiones que pueden plantear
las nuevas vacunas antibacterianas conjugadas en lo tocante a
reducir la morbilidad y la mortalidad infantiles por neumon a.
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