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neumonia in Children in the Developing World:
ew Challenges, New Solutions

nne Schuchat, MD* and Scott F. Dowell, MD, MPH†

Pneumonia has been a leading cause of death in both developed and developing countries
as long as health indicators have been available. Yet the issues of concern for this
syndrome are far from static. Improvements in access to health services have lowered
infant mortality rates, benefiting children around the world and lowering the fraction of child
deaths caused by pneumonia. However, progress has been interrupted repeatedly by the
emergence of new pathogens. Landmark randomized controlled trials have now demon-
strated the effectiveness of Haemophilus influenzae type b (Hib) and multivalent pneumo-
coccal conjugate vaccines against childhood pneumonia, as well as meningitis and bac-
teremic disease. Momentum has gathered to tackle long-standing economic obstacles to
expand access to new vaccines and programs for the poorest countries of the world. A
pressing challenge for the control of pneumonia in developing countries is to identify better
metrics for pneumonia. Surveillance tools are needed that will bridge studies of interven-
tions, establish preventable disease burden, and serve as indicators for monitoring new
programs.
Semin Pediatr Infect Dis 15:181-189.
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urden of Pneumonia
n Children
eaths

neumonia and influenza rank among the top 10 causes of
eaths worldwide.1 Based on advances in access, pediatric
are, and changing population demographics, relatively few
ediatric pneumonia deaths still occur in industrialized
ountries, where deaths from pneumonia now are concen-
rated among older adults. Recent efforts led by the World
ealth Organization (WHO) to standardize estimates of bur-
en of disease across program areas identify acute respiratory

nfections (ARIs) as a leading cause of death among children
n developing countries; however, the proportion of all
eaths attributable to ARIs declines as childhood mortality
ates fall.2 WHO has determined that ARI is the most com-
on infectious cause of death in children younger than 5
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ears, with an estimated 1.89 million (95% confidence limit,
.58–2.19 million) deaths occurring in children younger
han 5 years olds.2 Although the proportion of deaths attrib-
table to ARI among European children younger than 5 years
f age was 11 percent, ARI caused 22 and 19 percent of such
eaths in Africa and Asia, respectively. The vast majority of
eaths attributable to ARI are caused by pneumonia, with
ronchiolitis accounting for most of the remaining deaths.
lthough upper respiratory infections are extremely com-
on occurrences, they typically are mild. We propose to use

he term “pneumonia” in the broader sense to refer to severe
cute infections of the lungs, including infections by viral,
acterial, and other pathogens, and involving the alveoli,
ronchioles, bronchi, and occasionally pleura and other tis-
ues. The United Nation’s Millennial Development Goal
http://www.unmilleniumproject.org) is to reduce mortality
ates by two-thirds by 2015 among children younger than 5
ears old. However, the magnitude of illness attributable to
neumonia is such that countries seeking to achieve that goal
ill not be successful unless they give attention to pneumo-
ia prevention and control.

eyond Mortality
etween 1970 and 2000, the number of countries with

nfant mortality rates greater than 90 per 1000 fell from 79

o 23 (UN Environment Program, 2003). As mortality

181ctions on its use.
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182 A. Schuchat and S. Dowell
ates for both infants and children younger than 5 years
ld decline in developing countries, child survival data
lone no longer are sufficiently sensitive or specific to
uide policy makers in decision-making regarding health
rogram investments. Comparing disease burden trends
nd evaluating the impact of programs between countries
nd/or regions also is difficult without considering major
nfluences such as the prevalence of human immunodefi-
iency virus (HIV). Newer surveillance tools are needed
hat measure pneumonia morbidity, in addition to mortal-
ty rates. Regional comparisons of morbidity rates must
onsider the impact of important factors driving overall
hild health status, such as neonatal health, prevalence of
cquired immunodeficiency syndrome (AIDS) and ma-
aria, and population coverage with vaccines, as well as
ase management interventions.3

eyond Children
uch surveillance and modeling have focused on pneumo-

ia or ARI in children. However, pneumonia also is a major
roblem in adults, and children can be important reservoirs
or respiratory pathogens, including pneumococcus and in-
uenza. Thus, important links exist between children and
dults for risks related to the development of pneumonia, as
ell as opportunities for prevention, and future surveillance

Figure 1 Deaths from pneumonia and from other causes
Gaps in the curves indicate changes in the International
ay benefit from linking these concerns. c
istory Repeats Itself:
he Past as Prelude

rends in pediatric pneumonia mortality rates in the United
tates may provide lessons for global public health challenges in
he 21st century. During the second half of the 20th century,
neumonia deaths in children in the United States declined by
7 percent, from 24,637 in 1939 to 800 in 1996 (Fig 1).4 The
rst steep declines occurred from 1944 to 1950, likely influ-
nced by the availability of penicillin (Fig 2). Declines were
eversed swiftly with the emergence of a new pathogen—the
957 pandemic influenza virus (influenza A H2N2). Further
eclines from 1966 to 1982 appear to be attributable to ex-
anded access to medical care, notably the Medicaid legislation
Title XIX, enacted in 1965), and increased availability of treat-
ent services for lower-income populations. Expanded access

o care, such as case management referral strategies, and antimi-
robial agents for symptomatic children have measurable effects
n mortality rates in many developing countries,5 but the emer-
ence of new pathogens, in particular the HIV and antimicrobial
esistant-bacteria, has slowed the progress or fully reversed it in
ome areas.

tiologic Agents and
iagnosis of Pneumonia

ates of pneumonia are considerably higher in developing

ldhood from 1939 through 1996 in the United States.
fication of Diseases codes. Reprinted with permission.4
in chi
Classi
ountries, where a larger proportion of disease burden is
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Pneumonia in children in the developing world 183
ttributed to bacterial causes. Establishing the etiologic agent
esponsible for pneumonia is difficult. Intensive studies have
ailed to identify a pathogen in a substantial proportion of
pisodes, and both bacteria and viruses can be detected from
pper respiratory specimens of controls. Coinfection with
ultiple organisms, particularly viruses together with bacte-

ia, also complicates interpreting data from etiology studies.
Perhaps the clearest evidence for causal agents in episodes

f pneumonia comes from those studies that have included
ransthoracic aspiration from areas of pulmonary consolida-
ion. Lung aspirate studies conducted between 1971 and
988 and reviewed by the WHO found bacterial etiologies in
4.6 percent4-6 of 835 children6; the same review found
lood cultures were positive for bacterial agents in 13.4 to
6.1 percent of children younger than 5 years old. Combined
ata from lung aspirate and blood culture evaluations re-
ealed that Streptococcus pneumoniae (37.9%), Haemophilus
nfluenzae (33.2%), and Staphylococcus aureus (7.9%) were
he bacteria most commonly isolated.6 In young children,
espiratory syncytial virus (RSV) is the leading viral agent
ssociated with pneumonia, although its frequency in a com-
unity fluctuates with epidemics.7,8 Whereas pneumococcus

nd H. influenzae predominate among infants and toddlers,
typical bacteria (Mycoplasma pneumoniae, Chlamydophila
neumoniae)9 and viruses appear more often in older chil-
ren. The contribution of certain pathogens, such as atypical

Figure 2 Annual percent change in rates of mortality f
children, from 1939 through 1996. The curves were smo
for each year is an average of the changes for that year
permission.4
acteria and influenza viruses, to the total burden of lower c
espiratory infections in tropical regions has not been studied
ell.
Ideally, clinical management of pneumonia would be

ased on knowledge of the pathogen causing infection,
ut the etiologic agent responsible for individual pneumo-
ia episodes is surprisingly elusive for a large proportion
f cases, even when extensive efforts are made. Most treat-
ent guidelines use empiric approaches to assess whether

he illness is bacterial and thus would benefit from treat-
ent with antimicrobial agents, and they incorporate

nowledge regarding likely pathogens and recent resis-
ance patterns to further target selection of therapy. Our
nderstanding of which pathogens are major causes of
neumonia may be biased by the sensitivity and specificity
f existing diagnostic tests, including those dependent on
lassic microbiology and newer molecular approaches.
aking a pathogen-specific diagnosis in cases of pneumo-

ia is challenging in developed countries, even when the
ost of testing is not a concern; in developing countries,
imited access to radiology and laboratory testing further
onstrains obtaining information on the diagnosis of
neumonia and of etiologic agents.
Prevention studies also benefit from diagnostic preci-

ion on the etiology of episodes of pneumonia.10 A ran-
omized controlled trial of Hib conjugate vaccine in Gam-
ia found 10 cases of Hib pneumonia proven by blood

eumonia and from other causes in infants and older
y using a 3-year moving average (ie, the percent change
r the previous and subsequent years). Reprinted with
rom pn
othed b
and fo
ulture or lung aspirate among recipients of control vac-
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184 A. Schuchat and S. Dowell
ine versus no cases among recipients of the Hib conjugate
vaccine efficacy of 100%); the same trial estimated that 50
ases of radiographically proven pneumonia were pre-
ented, with a vaccine efficacy against x-ray pneumonia of
1 percent.11 A randomized controlled trial of 7-valent
neumococcal conjugate vaccine in children in Northern
alifornia found 97.4 percent effectiveness against inva-

ive pneumococcal disease and 20.5 percent effectiveness
gainst pneumonia documented by x-ray; yet the differ-
nce in incidence between vaccine recipients and controls
n these end points was 165 invasive disease cases per
00,000 compared with 240 episodes of x-ray pneumonia
er 100,000, respectively.12 The burden of all pneumonia
hat could be prevented by one of these vaccines might be
reatly underestimated, with an emphasis on laboratory-
onfirmed, invasive disease alone.

Attempts to improve the ability to diagnose pneumonia
ave included evaluations of clinical signs and symptoms,
hich led the WHO to recommend use of age-specific

utoffs for rapid respiratory rate and the presence of chest
all in-drawing as signs of severe pneumonia.6 This focus
ad a principal goal of enhanced sensitivity, to identify as
any possible true cases to offer potentially life-saving

herapy. Other studies have focused on enhancing the
pecificity of diagnosis, typically a goal for vaccine evalu-
tions, so that one can measure the efficacy of a pathogen-
pecific intervention (eg, 7-valent pneumococcal vaccine)
gainst only those pneumonias the vaccine was designed

Figure 3 Weekly rates of invasive pneumococcal disease
numbers of cases from active surveillance areas in Califor
Tennessee were divided by the population under surveil
rates. Reprinted with permission.18
o prevent. Even differentiating bacterial from viral pneu- o
onias remains challenging, although recent studies show
hat serologic markers such as procalcitonin may hold
ome promise.13 Confirming pathogen-specific, let alone
erotype-specific, etiologies for pneumonia remains diffi-
ult unless lung aspirates are performed, and they are
ppropriate only when certain radiographic patterns are
vident. Substantial efforts recently were devoted to stan-
ardizing the interpretation of x-rays from children sus-
ected of having pneumonia, so that a common language
or interpreting trials of different pneumococcal and Hib
accines could be established. The WHO has posted the
esulting standard tool on its web site14; the tool focuses
n identification of alveolar consolidation and/or effu-
ions. Researchers are evaluating improvements in this
ool, and some experts have raised the concern that con-
olidation, with or without effusions, is an insensitive in-
icator of bacterial pneumonia in HIV-infected children.15

easonal Variations
n the Incidence of
neumonia Pathogens
ost pathogens causing pneumonia vary in incidence on a

egularly repeating annual cycle; this pattern is most promi-
ent with the major viral pathogens but also is evident with

mportant bacterial pathogens (Fig 3). Influenza exhibits a
istinct seasonality, with winter peaks in temperate regions

nited States, January 1996 to December 1998. Weekly
nnecticut, Georgia, Maryland, Minnesota, Oregon, and
at year and multiplied by 52 to give annualized weekly
in the U
nia, Co
lance th
ccurring with sufficiently regular onset and with bands of
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Pneumonia in children in the developing world 185
atitude around the globe having sufficiently similar timing to
llow for advance planning and preparation of the annual
rivalent vaccine.16 Similarly, outbreaks of RSV occur with
egularity each winter and spring in temperate climates, and
he predicted timing of these outbreaks is critical for making
ecommendations for prophylaxis with several months of
SV-specific monoclonal antibodies for high-risk premature

nfants and others.17 The timing of influenza and other respi-
atory viruses in tropical regions is described poorly, provid-
ng an impediment to control of these diseases in much of the
eveloping world.
Even less is understood about the underlying reasons for

easonal variation in respiratory pathogens, and this lack of
nderstanding impairs our ability to anticipate and respond
o future outbreaks, as highlighted by the disappearance of
evere acute respiratory syndrome (SARS) coronavirus and
he uncertainty over when or if it will return.18 What causes
easonal respiratory pathogens to reappear each winter, and
erhaps more importantly, what causes them to disappear? Is

t the cold? Dry air? Do the pathogens migrate across the
quator each year and return, or do they remain in a persis-
ent or latent state within the mammalian hosts until some
easonal cue signals the time is right for re-emergence? The
nswers to such questions are an important area for future
nvestigations and may hold practical implications for control
f pneumonia in temperate as well as tropical regions in the
uture.

isk Factors for Pneumonia
n the 21st Century
oth host and environment contribute to the risk that a child
ill develop pneumonia in the first few years of life. Numer-
us study designs, including case-control, cohort, and longi-
udinal surveillance approaches, have been applied to iden-
ifying risk factors for acquiring pneumonia in the developing
orld. Rates of pneumonia vary with age19,20; rates are higher

n those younger than 2 years of age compared with older
hildren. Nutritional factors also influence risk of developing
isease. Malnourished children are at higher risk of develop-

ng pneumonia and are more likely to die. Breastfeeding re-
uces the risk of the occurrence of episodes of pneumonia
nd death from ARIs.21-23 Comorbidities, in particular HIV
nfection, are major risk factors for the acquisition of pneu-

onia in developing countries.24 Recent studies in South
frica conducted in the context of a placebo-controlled vac-
ine trial estimated that hospitalization for pneumococcal
acteremic lower respiratory tract infection among HIV-in-
ected infants who were 2 to 24 months old occurred at a rate
f 1233/100,000 compared with a rate of 29/100,000 among
ninfected children.24

In addition to host factors, the environment influences the
isk of developing pneumonia by its effect on exposure to
athogens and to irritants that might increase susceptibility.
ndoor air quality, as indicated by type of cooking fuel used,
entilation, and passive cigarette smoke, appears to be re-

ated to the frequency of episodes of pneumonia in children i
n developing countries. Both family size and household
rowding have been linked to the risk of developing pneu-
onia; whereas the former also may be influenced by birth

pacing and nutritional factors, the latter is a consistent find-
ng in developed and developing countries. Poverty is linked
ith higher rates of pneumonia, but this rate may reflect a

ombination of nutritional, environmental, and behavioral
nfluences. Sanitation influences many health outcomes and

ight affect the risk of developing pneumonia directly or
ndirectly. Interventions promoting handwashing have re-
ulted in reductions in respiratory illness in children, al-
hough studies have been too small to identify impact on
ower respiratory infections, and handwashing may be more
ffective in reducing viruses compared with respiratory bac-
eria. However, preceding viral infection increases the risk of
eveloping some types of bacterial pneumonia; this connec-
ion has been well-illustrated for relationships between influ-
nza and other respiratory virus infection and secondary
neumonia caused by pneumococcus, Staphylococcus aureus,
nd group A streptococcus.

Because rates of pneumonia in children are lower in devel-
ped countries, many features of development and increased
tandards of living likely promote reduced risk of developing
espiratory infections, including pneumonia.

merging Pathogens
he emergence of new pathogens has been a dominant theme

n infectious diseases for centuries, and the 21st century al-
eady has seen emergence of major new respiratory patho-
ens including the SARS coronavirus, H3N2 Fujian strain
nfluenza virus, and H5N1 avian influenza. Although chil-
ren were relatively spared SARS CoV compared with
dults,25 children have dominated in reports of severe out-
omes associated with the 2003 to 2004 H3N2 Fujian strain
n the United States26 and 2004 avian influenza in countries
n Asia.

The 2004 epidemic of influenza A (H5N1), known as avian
nfluenza, illustrates the potential for new pneumonia patho-
ens to affect children and the difficulties in measuring the
urden of disease and guiding control measures in much of
ural Asia and elsewhere in the developing world. The 1997
utbreak of influenza A (H5N1) in Hong Kong established
or the first time that avian influenza viruses could infect
umans directly, with a predilection for children and a re-
ulting illness that was fatal in 6 of 18 patients.27,28 The 2004
vian outbreak is far more widespread, with poultry disease
eported across much of east and southeast Asia. Direct in-
ection of humans was confirmed in patients hospitalized at
ajor referral hospitals in Hanoi and Bangkok, raising con-

erns among many experts about the potential for pandemic
pread (MMWR, accepted for publication). Given the wide
eographic distribution of avian disease, the likelihood exists
hat human infections might also be more widespread, but
urveillance for pneumonia in much of the region is passive
r nonexistent, and laboratory capacity to identify routine
neumonia pathogens, especially less newly emergent ones,
s quite limited.
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186 A. Schuchat and S. Dowell
The emergence of HIV-infection in the latter part of the
0th century has had a profound influence on pneumonia in
hildren. HIV infection is estimated to increase the risk of
eveloping pneumonia by 40- to 50-fold.15,24 The clinical
resentation of pneumonia may vary, with less-predictable
adiographic patterns and a wider spectrum of pathogens
ssociated with disease.15 HIV-infected children are at risk of
cquiring opportunistic pathogens such as Pneumocystis cari-
ii pneumonia, but they also have substantially higher risk of
cquiring common bacterial agents such as S. pneumoniae and
. influenzae. Clinical algorithms for management of severe
RIs in children, produced for the developing world, are
ndergoing re-evaluation to address the reality that in many
ountries with high prevalence of AIDS, most episodes of
evere respiratory disease requiring hospitalization will be
ssociated with HIV infection. In Soweto, where an estimated
percent of the birth cohort was infected with HIV in 1997

nd 1998, approximately 46 percent of hospitalized children
ho required x-rays for acute respiratory tract infection were

nfected with HIV.15 Empiric management may need to be
ltered in these circumstances, and offering counseling and
esting for HIV to children with pneumonia may be a reason-
ble standard of care, particularly in locales where referrals
or HIV support and treatment (eg, trimethoprim-sulfame-
hoxazole prophylaxis, antiretroviral treatment) are becom-
ng available.

In addition to the emergence of previously unrecognized
athogens are the concerns about familiar pathogens that
ave continued to evolve and the emergence of resistance to
ommonly used drugs that now challenges empiric treatment
pproaches for many syndromes. As malaria, tuberculosis,
nd AIDS clearly show, resistance is not a problem limited to
eveloped countries with easy access to antibiotics. World-
ide, antimicrobial resistance has emerged in several respi-

atory pathogens, including resistance to penicillin and cot-
imoxazole within S. pneumoniae,29 beta-lactam-resistant H.
nfluenzae,30 methicillin-resistant S. aureus,31 and amanta-
ine-resistant influenza virus, to name a few. Development of
rograms to track resistance in pathogens of major impor-
ance in developing countries is challenging due to limited
vailability of laboratories and/or reagents needed for accu-
ate susceptibility testing. A new manual aimed at enhancing
etection of resistance in bacteria of major public health im-
ortance, including the respiratory pathogens S. pneumoniae
nd H. influenzae, now is available for reference laboratories
n developing countries.32 Note: The manual can be ordered
ithout charge through WHO (http://www.who.int/csr/

esources/publications/drugresist/WHO-CDS-CSR-RMD-
003-6/en/).

merging Vaccines
accines had an enormous influence on morbidity and mor-

ality in the 20th century.33 Increased global access to child-
ood vaccines through the Expanded Program on Immuni-
ation has reduced the incidence of respiratory illness
ssociated with measles, pertussis, and diphtheria. In 1990,

nfants in developed countries began to benefit from intro- L
uction of Hib conjugate vaccines, with resulting declines in
eningitis and bacteremic pneumonia. The 21st century al-

eady holds substantial promise that developing countries
ill benefit from recently developed vaccines, such as Hib

onjugate, and even newer products targeted at pneumococ-
us, RSV, and influenza.

aemophilus influenzae b Vaccines
ib conjugate vaccines were developed to counter childhood
eningitis, which in developing countries can be fatal in 20

o 30 percent of episodes, with additional risk to survivors of
uffering long-term sequelae (eg, hearing loss, learning dis-
bilities). Hib conjugate vaccines are highly effective against
eningitis and other invasive diseases caused by Hib,34-36

ncluding bacteremic pneumonia, and proved to have impor-
ant herd effects by reducing acquisition of oropharyngeal
olonization, thereby decreasing spread of the organism and
rotecting unimmunized persons.37,38 This herd effect re-
ulted in greater than anticipated benefits of vaccine intro-
uction and had important implications for developing
ountries, where partial immunization may be a frequent
nding. Vaccine efficacy trials performed in the Gambia11

nd Chile39,40 demonstrated that in addition to excellent vac-
ine efficacy being achieved against meningitis and other in-
asive disease, vaccinated children had 21 to 26 percent less
evere pneumonia, defined by consolidation and/or effusions
n radiographs, than did placebo recipients. Although the
roportion of episodes of pneumonia that could be attributed
o Hib had been difficult to determine from etiology studies,
hese vaccine trials suggested that as much as one-fourth of
evere pneumonia in young children was preventable via Hib
onjugate vaccine. The trials essentially used the Hib vaccine
s a ‘probe’ to uncover the proportion of disease attributable
o the pathogen and preventable via the specific vaccine.

To help overcome the traditional delay between adoption
f vaccines in industrialized countries and use in developing
ountries, the Global Alliance for Vaccines and Immuniza-
ions (GAVI) and the Global Vaccine Fund have catalyzed a
eries of activities to promote accelerated uptake of new and
nderutilized vaccines, including Hib vaccine. As of Decem-
er 2003, GAVI has committed to provide Hib-containing
accines to 16 countries (http://www.vaccinealliance.org/
ome/Support to Country/Country Status/index.php).
lthough cost traditionally has been a barrier to broader im-
lementation, appreciation for disease burden, particularly

n Asia, also has limited uptake of Hib vaccine regionally. A
ib rapid assessment tool has been developed to assist na-

ional authorities in developing countries with assessment of
ocal disease burden and decision-making about intro-
uction of vaccine (even when cost is no barrier).41 (avail-
ble at http://www.who.int/vaccines-documents/DocsPDF01/
ww625.pdf.)
To address major uncertainty about the burden of Hib

isease in Indonesia, a community randomized evaluation of
he vaccine-preventable burden of pneumonia and meningi-
is was performed among more than 55,000 children in

42
ombok (accessible at http://www.icaac.org/43ICAAC/

http://www.who.int/csr/resources/publications/drugresist/WHO-CDS-CSR-RMD-2003-6/en/
http://www.who.int/csr/resources/publications/drugresist/WHO-CDS-CSR-RMD-2003-6/en/
http://www.who.int/csr/resources/publications/drugresist/WHO-CDS-CSR-RMD-2003-6/en/
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Pneumonia in children in the developing world 187
atebreakerabstracts.pdf, abstract G-2054a). Communities
ere randomized to receive Hib conjugate vaccine combined
ith DTP or DTP alone, through the routine immunization
rogram. Active surveillance targeted radiographically de-
ned pneumonia as well as meningitis, defined by both clin-

cal and microbiologic endpoints. Preliminary results of the
rial suggest that a greater than expected burden of vaccine-
reventable clinically defined meningitis exists in children in
ombok (rates 154/100,000 children �2 years), but limited
r no benefit of introduction of a vaccine on respiratory end
oints. The findings are consistent with overall benefit to the
opulation from Hib vaccine, but the lack of benefit for re-
piratory end points was challenging to interpret. Hib may
ot be an important cause of pneumonia in Indonesian chil-
ren, or it may cause disease in children too young to have
een vaccinated during the trial, or antibodies induced by
ib conjugate vaccine may have been sufficient to prevent

he acquisition of invasive disease, including meningitis, but
ot sufficient to protect against the development of nonbac-
eremic pneumonia. Differential impact on pneumonias
mong children who did not present to healthcare facilities
lso might have influenced trial results. Data regarding colo-
ization studies and additional analysis of the trial should be
orthcoming. Additional evaluations of Hib vaccine in Asia
lso are likely to occur during the next few years.

Although controversy remains regarding Hib vaccine in
sian children, high disease burden and clear-cut benefits for
eningitis and pneumonia have been demonstrated for chil-
ren in numerous countries in Africa. The GAVI offered the
4 poorest countries of the world funds for strengthening

mmunization, including access to 5 years of Hib vaccines; 16
ountries are introducing Hib vaccine through this program.
urrent priorities are to monitor the impact of introduction
f vaccine, identify lessons learned from new adopters, and
pply these lessons to future introduction programs for vac-
ines still under investigation, including rotavirus vaccine,
eningococcal A conjugate, and pneumococcal conjugate

accines.

neumococcal Conjugate Vaccines
hildren in the United States already have benefited from

ntroduction of 7-valent pneumococcal conjugate vaccine,
hich was licensed in 2000 for routine use. Through 2001,

nvasive pneumococcal disease in the population younger
han 2 years old had dropped by 69 percent, and evidence of
ignificant herd effects was already available for the 20- to
9-year-old age group (32% decline) and for those 65 years
nd older (18% decline).43 Declines have continued to occur
n 2002 and beyond. Although serotype distribution in many
ther parts of the world suggests that higher valency formu-
ations will be needed,44 9- and 11-valent pneumococcal con-
ugate vaccines are in development stages. The 9-valent for-

ulation from Wyeth has been studied in nearly 40,000
outh African children and was 83 percent effective in reduc-
ng the incidence of invasive disease caused by vaccine-sero-
ypes in non–HIV-infected children and 20 to 25 percent

ffective against radiographically defined pneumonia with a
lveolar consolidation in the same population (intent-to-treat
nd per protocol analyses, respectively).45 Efficacy was 65
ercent for vaccine-type invasive disease in HIV infected pa-
ients but only 13 percent (with 95% confidence interval –7
o 29%, ie, not significantly different from zero) in HIV in-
ected. Other large clinical trials are ongoing with 9-valent
accine in the Gambia and an 11-valent formulation in the
hilippines; both of these studies include pneumonia and

nvasive disease end points. Although efficacy against inva-
ive disease caused by vaccine serotypes consistently has
een demonstrated for conjugate pneumococcal vaccines,
he ultimate effectiveness of this kind of vaccine for noninva-
ive syndromes, including pneumonia, has been challenging
o measure. The standardization of pneumonia endpoints
etermined by radiology has been a focus of WHO,14 and
tandard tools for measuring colonization across clinical tri-
ls also have been developed.46 A new challenge will be to
ridge from the results of efficacy trials of radiographic pneu-
onia to end points that can be tracked more easily in diverse
eveloping countries. Thus, trial investigators and other sur-
eillance efforts also are tracking potentially preventable re-
piratory disease burden measured through more accessible
ndicators, such as hospital admissions for pneumonia. To
ccelerate development of pneumococcal conjugate vaccines,
he Gates Foundation is supporting the PNEUMO-ADIP
Accelerated development and introduction plan) (www.
reventpneumonia.com), which has in turn funded regional
urveillance networks and enhanced research activities per-
ormed at vaccine field trial sites and elsewhere. Numerous
ctivities also are focused on vaccine financing and marketing
o facilitate optimal interplay between vaccine demand and
upply for public markets.

Although pneumococcal conjugate vaccines already have
een shown to have efficacy against invasive disease and
neumonia, conjugate vaccines do not lead to reduced pneu-
ococcal colonization of the nasopharynx; instead, vaccine-

erotypes become less common but are replaced by other
erotypes.47 This problem was not observed in Hib coloniza-
ion studies after use of Hib conjugate vaccine and may reflect
he wide diversity of pneumococcal types that colonize the
asopharynx. Whether replacement with nonvaccine sero-
ypes eventually will blunt the impact of conjugate vaccines
n pneumococcal invasive disease and pneumonia is not
nown yet.

uture Pneumococcal Vaccines
n addition to evaluating higher valency conjugate vaccines,
esearchers and industry are studying the use of proteins that
re common to all pneumococci as antigens for candidate
accines. PspA, PsaA, and pneumolysin all have been studied
n animals, and additional efforts are being made to explore
he value of this approach to pneumococcal prevention.48,49

erotype diversity and possible replacement disease should
ot be an issue with common proteins, and some authorities
lso consider that manufacturing costs would be lower, po-
entially translating to lower cost and products that are more

ffordable for developing country markets. Common protein
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188 A. Schuchat and S. Dowell
accines also are promising as potential tools for prevention
f noninvasive pneumonia in adults, which is a major cause
f illness and death in developed countries.

nfluenza Vaccines
uring the past several years, a growing appreciation for the

ubstantial burden of influenza among young children has
esulted in expanded recommendations for routine immuni-
ation in this group. In 2002, the American Academy of
ediatrics and Centers for Disease Control and Prevention’s
dvisory Committee on Immunization Practices formally en-
ouraged the immunization of children 6 through 23 months
f age, with the ultimate goal being universal immunization
mong young children.50,51 The burden of influenza in trop-
cal and developing regions is not well appreciated, but re-
ent evidence implies that, contrary to predictions based on
he attenuation of influenza by hot weather, the burden
mong children in tropical and subtropical regions may be as
reat or greater than that in temperate zones.52 Better infor-
ation about the occurrence of influenza in the tropics, sea-

onal patterns, and the burden of disease in young children in
ural areas will be important for guiding future efforts to
ontrol pneumonia associated with influenza infection in de-
eloping countries.

ovel Approaches to
neumonia Surveillance

f control of pneumonia among children in the developing
orld is to move from the case-management approach advo-

ated since the early 1980s to an approach based on the preven-
ion of infection with specific pathogens, surveillance systems
apable of measuring and monitoring the burden of disease
rom these pathogens will be required to inform decisions on

ajor control efforts such as the introduction of expensive new
accines. One example of an approach to such surveillance sys-
ems was implemented in 2002 by the Thai Ministry of Public
ealth, with support from the International Emerging Infec-

ions Program (IEIP) of the U.S. Centers for Disease Control and
revention. The IEIP surveillance is a population-based system
onducted throughout two provinces that focuses on complete
scertainment of severe pneumonia, digitalization of radio-
raphic images, and comprehensive testing for a battery of
neumonia pathogens.53 Although the system focuses on the
auses and burden of severe pneumonia requiring hospitaliza-
ion, periodic community surveys measure the burden of less
evere pneumonia and other respiratory illnesses. A focus on
aboratory testing is aimed at permitting estimation of disease
aused by potentially available vaccines, such as influenza vac-
ines and the conjugate Hib and pneumococcal vaccines. A sec-
nd IEIP in Kenya will expand and adapt the surveillance to the
frican setting in 2004 and may help to provide rigorous data on

he burden of disease caused by specific pneumonia pathogens
o help guide control measures. Strengthened surveillance of
neumonia in other countries will be needed in the future as
ew vaccines and other tools to control pneumonia become

ore widely available.
onclusions
neumonia continues to be a major health problem in children

n developing countries, despite strides made through increased
ccess to case-management strategies. Expanded access to Hib
onjugate vaccine and continued development of pneumococ-
al and RSV vaccines are needed to have substantial impact on
ontinued disease burden. New pathogens pose ongoing threat
o control of pneumonia, either by causing pneumonia (eg, hu-
an metapneumovirus, SARS coronavirus, or avian influenza)
irectly or by drastically modifying host susceptibility to pneu-
onia agents (as is the case with HIV). The pneumonia research
eld has suffered from fragmentation between those evaluating

mprovements in treatment (eg, integrated management of
hildhood illness, vitamin A and zinc supplementation, short
ourse antibiotics) and those investigating prevention (pneumo-
occal, Hib, RSV vaccines). Both groups will benefit from having
ommon tools for diagnosis and surveillance of pneumonia and
rom collaborating on achieving real progress in prevention and
ontrol of pneumonia.
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