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KEY POINTS

The burden of pneumonia, including that due to respiratory viruses, is markedly higher in the very
young (<5 years) and older adults (>50 years).

Respiratory viruses substantially contribute to pneumonia in both adults and children, and when
systematically tested for, are more commonly detected than bacteria in both adults and children.
The most commonly detected respiratory viruses in adults and children are adenoviruses, corona-
viruses, human metapneumovirus, human rhinoviruses, influenza viruses, parainfluenza viruses,
and respiratory syncytial virus.

It is difficult to distinguish between viruses by clinical presentation, and the exact clinical implication
of viral detections among patients with pneumonia depends on the pathogen detected; however,
there is increasing evidence of their importance in pneumonia.

The circulation of respiratory viruses varies from region to region around the world, demonstrating
seasonal variation in different parts of the world, which affects the prevalence and incidence of viral

® CrossMark

pneumonia globally.

INTRODUCTION

Worldwide, 900,000 children aged less than
5 years die from pneumonia every year.! Pneu-
monia is a leading infectious cause of hospitaliza-
tion and death among US adults, resulting in more
than $10 billion annual expenses.? Despite ad-
vances in clinical diagnostic methods, especially
molecular-based methods, a cause is not always
ascertained in a patient with pneumonia. Recent
prospective pneumonia etiology studies have
failed to detect a pathogen in greater than 50%
of adults and approximately 20% of children
hospitalized with pneumonia.>”’ In these same
studies, viruses were more commonly detected
than bacteria in both adults and children, account-
ing for greater than 25% of detections in adults
and greater than 70% in children.>” The exact im-
plications of viral detections among patients with
pneumonia depend on the pathogen detected,
but there is increasing evidence of their impor-
tance in pneumonia.®

US PREVALENCE/INCIDENCE

The Etiology of Pneumonia in the Community
(EPIC) study was a large prospective multicenter
US population-based active surveillance study in
which viruses were more commonly detected
than bacteria in both adults and children hospital-
ized with community-acquired pneumonia when
systematic testing was used.>’ Detailed study
details have been previously described,>” but
in brief, community-acquired pneumonia was
defined as evidence of acute infection, acute res-
piratory illness, and radiographic evidence of
pneumonia; patients with severe immunosuppres-
sion and recent hospitalization were excluded.
Multiple modalities for pathogen detection of bac-
teria and viruses were used, including culture, po-
lymerase chain reaction (PCR), serology, and
antigen-based diagnostic assays.>’

The results of the EPIC study demonstrated that
prevalence and incidence of different pathogens
varied by age. Among children less than 18 years
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old enrolled in the EPIC study, 70% of pneumonia
hospitalizations occurred among children less
than 5 years old.” Overall annual incidence of
community-acquired pneumonia hospitalization
in children was 15.7/10,000 children, and inci-
dence was highest in children less than 2 years
old (62.2/10,000 children), decreased in children
2 to 4 years old (23.8/10,000), and further
decreased with increasing age. These rates were
slightly lower than the 2009 national Kids’ Inpatient
Database, which reported 22.4 hospitalized pneu-
monia cases per 10,000 children less than 18 years
old.° There are methodologic differences that
likely explain these differences, including nonover-
lapping years of analysis, distinctions between the
populations studied, and varying case definitions,
including exclusion of the severely immunocom-
promised in the EPIC study. Nonetheless, there
were similar trends indicating that pneumonia
burden is highest among the youngest children.

In the EPIC study, among 2222 children with
clinical and radiographic pneumonia who had
specimens available for bacterial and viral diag-
nostic testing, a pathogen was detected in 1802
(81%) children with one or more viruses in 1472
(66%), bacteria in 175 (8%), and both bacteria
and viruses in 155 (7%). Among these 2222 chil-
dren, the most commonly detected viruses were
respiratory syncytial virus (RSV, 28%), human rhi-
noviruses (HRV, 27%), human metapneumovirus
(HMPV, 13%), adenoviruses (AdV, 11%), parain-
fluenza 1 to 3 viruses (PIV, 7%), influenza A and
B viruses (7%), and coronaviruses (CoV, 5%)
(Fig. 1B, codetections are indicated by the lighter
shading).” Compared with older children, RSV,
AdV, and HMPV were all more commonly detected
among children less than 5 years old (Fig. 1C). The
incidence of RSV, HRV, HMPV, AdV, influenza vi-
ruses, PIV, and CoV was all higher among children
less than 5 years old than among older children but
was highest among children less than 2 years old.”

In adults enrolled in the EPIC study, overall
annual incidence of community-acquired pneu-
monia hospitalization was 24.8/10,000 adults.®
The overall and pathogen-specific incidences
increased with age with rates highest among
adults 50 years of age and older. The EPIC study
rates and trends are similar to previous pneu-
monia etiology studies conducted in the 1990s
despite methodologic differences,’® but the
EPIC study hospitalization rates were lower than
more recent estimates based on hospitalization
claims data likely due to certain excluded groups
in the EPIC study, including those with severe
immunosuppression.

Among the 2259 adults enrolled in the EPIC
study with clinical and radiographic pneumonia

who had specimens available for bacterial and
viral diagnostic testing, a pathogen was detected
in 853 (38%) with one or more viruses in 530
(23%), bacteria in 247 (11%), bacteria and viruses
in 59 (3%), and a fungal or mycobacterial path-
ogen in 17 (1%). Among the 2259 adults, the
most commonly detected viruses were HRV
(9%), influenza A and B viruses (6%), HMPV
(4%), RSV (3%), PIV (2%), CoV (2%), and AdV
(1%) (Fig. 1A).® Importantly, the incidence of
pneumonia hospitalization with influenza was
almost 5 times higher among adults 65 years
and older than among younger adults, and the
incidence of HRV was almost 10 times as high.
Interestingly, the overall incidence of pneumonia
hospitalization with influenza (1.5/10,000) was
similar to that of pneumococcus (1.2/10,000),
a well-known bacterial cause of community-
acquired pneumonia.

WORLDWIDE/REGIONAL PREVALENCE,
INCIDENCE, AND MORTALITIES

It is well known that respiratory viruses contribute
to acute respiratory infections, including those
involving the lower respiratory tract and leading
to bronchiolitis, pneumonia, and other complica-
tions. Although some global estimates of respira-
tory virus burden have been derived, including
some from low- and middle-income countries,
these data remain sparse because little surveil-
lance for respiratory viruses is systematically car-
ried out in many countries. In addition, most
surveillance and thus estimates are not specific
to pneumonia, and definitions of pneumonia vary
widely between studies, making comparisons
difficult.

In a 2005 study, RSV was associated with 22%
of acute lower respiratory infections in children
less than 5 years old worldwide with 3.4 (2.8-4.3)
million hospitalizations and 66,000 to 199,000
deaths; 99% of deaths occurred in developing
countries.'? Data from this same analysis demon-
strated that most RSV deaths in high-income
countries were in children less than 1 year old,
whereas in low- and middle-income countries,
these deaths extended into the second year of life.

Similar analyses have been done for the burden
of influenza virus infection, again not necessarily
limited to pneumonia. According to the World
Health Organization (WHO), influenza occurs glob-
ally with an annual attack rate estimated at 5% to
10% in adults and 20% to 30% in children.'®
Worldwide, these annual epidemics are estimated
to result in about 3 to 5 million cases of severe
illness, and about 250,000 to 500,000 deaths.
Although hospitalizations and deaths occur in



healthy people, certain groups are at higher risk for
complications, and thus, influenza vaccines are
targeted for these high-risk groups, including chil-
dren 6 months to 5 years old, elderly 65 years and
older, people with chronic medical conditions,
pregnant women, and health care workers.

As part of the Pneumonia Research for Child
Health (PERCH) project, 7 low- and middle-
income countries have conducted research on
pneumonia etiology among children less than
5 years old. In the PERCH project, the pneumonia
case-definition per the WHO definitions was of se-
vere (lower chest-wall indrawing in a child with his-
tory of cough or difficulty breathing) or very severe
(cyanosis, oxygen saturation <90%, inability to
feed, head nodding, or impaired consciousness in
a child with history of cough or difficulty in breath-
ing) pneumonia. Two types of outpatient controls
without pneumonia included asymptomatic chil-
dren and children with upper respiratory tract infec-
tion. In a preliminary analysis from one study site in
rural Kenya, respiratory viruses were detected in
most (60%) children less than 5 years old with
pneumonia but also in controls (47%).'* Of the vi-
ruses detected, RSV was the most commonly
detected virus in case-patients but not controls
with a statistically significant association between
virus detection and pneumonia hospitalization.’

In other pneumonia studies conducted in high-,
low-, and middle-income countries, although the
prevalence of specific viruses varies greatly, vi-
ruses are more commonly detected than bacteria,
particularly in children. Prevalence of viruses can
vary by geography and other factors, such as im-
munization coverage, as well as study design,
including case definitions, specimen collection
methods, and diagnostic tools applied; however,
in most of these studies, certain viruses predomi-
nate, including RSV but also HMPV, AdV, and
PIV. In a study of severe and very severe pneu-
monia conducted in Kenya and using multiplex
PCR, a virus was detected in 56% of children
less than 12 years old; RSV was most common
and detected in 34% of children.’® In a different
study conducted in Mozambique, viruses were
detected in 49% of children with severe pneu-
monia, and in this case, HRV (41%), AdV (21%),
and RSV (11%) were the most common.'® In similar
studies, HMPV, AdV, PIV, and CoV combined ac-
count for 25% to 40% of pathogens detected in
children when using PCR methods.'”'® In many
studies, codetections (viral and bacterial) in chil-
dren with pneumonia have been demonstrated in
more than one-quarter of cases.” 419

The role of viruses in adults has had increasing
attention because viruses like RSV and HMPV
have been commonly detected in systematic
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studies of hospitalized adults.?%2" Although the
same viruses that circulate in children also affect
adults, the prevalence of the viruses differs be-
tween children and adults with pneumonia and
also compared with data from controls. For
example, HRV has been commonly detected in
adult pneumonia patients, including from sterile
lower respiratory tract specimens; in contrast
with children, HRV is not commonly detected
among adult asymptomatic controls and is often
detected as the sole pathogen in adults, whereas,
in children, it is often codetected.®*822725 |nflu-
enza viruses are a known contributor to viral pneu-
monia,”® as well as a precursor to bacterial
pneumonia, and are a common cause of pneu-
monia among persons 65 years and older. The
range of other virus detections, including HMPV,
RSV, PIV, CoV, and AdV, in adults with pneumonia
is broad, ranging from 11% to 28% depending
on the study location, design, and diagnostic
tools.*17-28 Bacterial or viral codetections are
less frequently detected in adults than in children.®

WORLDWIDE/REGIONAL SEASONALITY AND
CIRCULATION PATTERNS

The circulation of respiratory viruses varies from
region to region around the world and demon-
strates seasonal variation in different parts of the
world, which affects the prevalence and incidence
of viral pneumonia globally. In the United States,
similar to other Northern Hemisphere countries,
there are distinct peaks and troughs for different
viruses. Generally, except for the 2009 H1N1
pandemic period from 2008 to 2009, there have
been very clear peaks of influenza virus circulation
annually in the United States that occur in the late
fall or early winter, although it is never predictable
exactly when the influenza season will start, and
there is also regional variation. US influenza virus
circulation data are reported weekly at the national
and regional level on the Centers for Disease
Control and Prevention (CDC) FluView Web site:
http://www.cdc.gov/flu/weekly/fluactivitysurv.htm.
Similarly, influenza circulation varies worldwide
and surveillance methods vary from nation to
nation, but data on global influenza circulation
can be accessed on the WHO FluNet Web
site: http://www.who.int/influenza/gisrs_laboratory/
flunet/en/. Weekly global update reports are
also available here: http://www.who.int/influenza/
surveillance_monitoring/updates/latest_update_
GIP_surveillance/en/.

In the United States, RSV circulation usually
starts in late October and lasts until late January
but can shift, starting in late January and lasting
until early April depending on the year and
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circulation of other respiratory pathogens. Like
influenza viruses, there is also regional variation
with an earlier season starting in Florida and last-
ing longer than other US regions. National and

A Specific Pathogens Detected

regional RSV surveillance trends can be monitored
at the CDC National Respiratory and Enteric Virus
Surveillance System (NREVSS) Web site: http://
www.cdc.gov/surveillance/nrevss/rsv/natl-trend.
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Fig. 1. (A) Numbers (above the bars) and percentages of all adults in whom a specific pathogen was detected in
the adult component of the EPIC study. The proportions of viral, viral-viral, bacterial-viral, bacterial, fungal or
mycobacterial pathogens detected, and no pathogen detected are shown in the pie chart. (B) Numbers (above
the bars) and percentages of all children in whom a specific pathogen was detected in the pediatric component
of the EPIC study. (C) Proportions of pathogens detected, according to age group in the pediatric component of
the EPIC study. (From [A] Jain S, Self WH, Wunderink RG, et al. Community-acquired pneumonia requiring hos-
pitalization among U.S. adults. N Engl J Med 2015;373:420, with permission from Massachusetts Medical Society;
and [B, C] Jain S, Williams DJ, Arnold SR, et al. Community-acquired pneumonia requiring hospitalization among
U.S. children. N Engl J Med 2015;372:840; with permission from Massachusetts Medical Society.)
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Fig. 1. (continued)

html. Through NREVSS, national and regional
data are available for HMPV (http://www.cdc.gov/
surveillance/nrevss/hmpv/natl-trend.html) and na-
tional data are also available for AdV (http://www.
cdc.gov/surveillance/nrevss/adeno/natl-trend.html)
and PIV (http://www.cdc.gov/surveillance/nrevss/
human-paraflu/natl-trend.html), although speci-
mens are not routinely tested for these viruses.
Globally, RSV surveillance efforts and methods
vary from country to country. Data from 7 coun-
tries (Bangladesh, China, Egypt, Guatemala,
Kenya, South Africa, and Thailand) over 8 years
(2004-2012) demonstrated that RSV infection
had 1 to 2 epidemic periods each year in each
country; in general, seasonality patterns were
similar within country but differed between coun-
tries from year to year. Likely factors affecting cir-
culation were weather, geography, precipitation,
and temperature.?® Similar reports from tropical
and subtropical areas of southern and south-
eastern Asia have also shown that influenza virus
circulation is highly dependent on weather pat-
terns, especially rainfall and monsoons, and af-
fects the seasonality of influenza virus circulation
regionally, which has direct implications for influ-
enza vaccination timing in these regions.®%-3'

CLINICAL CORRELATION AND RISK FACTORS

Many pneumonia etiology studies rely on naso/
oropharyngeal specimens for pathogen detection

Epidemiology of Viral Pneumonia

2-4Y
(N = 467)

Il Rsv
M HRV
B HMPV
H AdvV
M pneumoniae
| PIv
M Flu
CoV

S pneumoniae

[ Other

10-17Y
(N=181)

in addition to blood, serum, sputum, and urine
(only in adults) because lower respiratory speci-
mens are not practical or possible unless clinically
necessary. Because most of these specimens do
not come not directly from the lung, it is difficult
to discern the association of a pathogen detection
with pneumonia. Thus, many studies have enrolled
asymptomatic controls along with pneumonia
cases to help determine the possible contribution
of respiratory viruses (attributable risk) to pneu-
monia at a population level. However, studies
show variable prevalence of viruses among con-
trols, possibly due to differences in definitions and
methods for ascertainment of controls.®? Different
strategies for control enroliment may be applicable
to different study objectives and settings.®?

In the EPIC study, all pathogens except for HRV
were detected in 3% or less of asymptomatic con-
trols; HRV was detected in 17% of pediatric controls
compared with 22% of children with pneumonia
(P = .04).7% In asymptomatic adult controls, only
2% had any pathogen detection, compared with
27% among the patients hospitalized with pneu-
monia; interestingly, HRV was rarely detected in
adult controls (1%).%€ In the EPIC study, the attrib-
utable fraction (AF) was calculated by comparing
prevalence of viruses in pneumonia cases with
asymptomatic controls, and adjusting for age,
enrollment month, and enroliment city. In this anal-
ysis, the AF indicated that the detection of influenza,
RSV, and HMPV among all patients, both children
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and adults, indicated an etiologic role. However, the
detections of PIV, CoV, and AdV, particularly in chil-
dren, did not demonstrate high AF for pneumonia.
HRV was associated with pneumonia in adults but
not children.® The exact role of HRV in pneumonia
remains unclear and controversial, even when
detected as a single pathogen, particularly because
HRV can shed for greater than 2 weeks after a pri-
mary infection, making its detection at time of pneu-
monia challenging to interpret with respect to the
current clinical iliness.??24

Data from the EPIC study are similar to other US
data from Singleton and colleagues,®® which
compared asymptomatic Alaskan children less
than 3 years old from the community with children
hospitalized with respiratory infections. In this
study, RSV, PIV, HMPV, and influenza viruses
were all significantly more common in hospitalized
children than controls, but HRV, AdV, and CoV
were not; interestingly, children with RSV only or
HMPV only had more severe illness compared
with children with the other viruses.

Data from the recent US studies, including
the EPIC study, are somewhat in contrast to
data from the PERCH project site in Kenya, which
tested for multiple pathogens (bacteria and vi-
ruses) in children less than 5 years old with pneu-
monia and in comparison to community controls
(who could have had an upper respiratory infec-
tion). In the Kenya site for the PERCH project,
compared with controls, RSV was the only virus
determined to have a statistically significant asso-
ciation with hospitalization.' The differences be-
tween the study results are likely due to
variations in case and control definitions, preva-
lence of pathogens in the different studies, geog-
raphy, and sociocultural characteristics that
determine access to health care, threshold for
hospitalization, and vaccination coverage for avail-
able immunizations.

In addition to nuances around etiology, the clin-
ical spectrum of iliness due to respiratory viruses is
broad and encompasses asymptomatic infection,
upper respiratory infection, and lower respiratory
tract infection, resulting in pneumonia as well as
other complications (eg, acute respiratory distress
or secondary bacterial infection). Clinically, symp-
toms due to any specific virus infection, including
in relation to pneumonia, largely overlap; thus,
there are few clinical clues to distinguish between
illnesses due to different pathogens. Some epide-
miologic clues such as age and seasonality may
be helpful. In addition, greater than 25% of children
and less than 5% of adults are found to have mul-
tiple pathogens, potentially including both viruses
and bacteria, and on this basis alone could be ex-
pected to have a mixed clinical presentation.®”

There are some data from comparisons of pa-
tients with illness of varying severity that suggest
that bacterial pneumonia contributes to more se-
vere illness. For example, in the EPIC study, Strep-
tococcus pneumoniae, Staphylococcus aureus,
and Enterobacteriaceae combined accounted for
16% of detected pathogens among adults
admitted to the intensive care unit (ICU) as
compared with 6% among adults not admitted to
the ICU.2 Thus, when bacteria were detected, it
was more likely in a severely ill patient. However,
it is important to note that viruses were detected
in 22% of adults admitted to the ICU compared
with 24% not admitted to the ICU; so although
there were no statistically significant differences
between the severe and nonsevere groups, viral
pneumonia contributed to ICU admissions, me-
chanical ventilation, and also death.

Influenza viruses are some of the more
commonly recognized viruses that cause pneu-
monia and can lead to a primary viral pneumonia,
secondary bacterial pneumonia, or mixed
viral-bacterial pneumonia.?®343% Much of the
influenza-associated pneumonia literature has
focused on pandemics,®®®” including the most
recent 2009 H1N1 pandemic.>®-%° During inter-
pandemic years, influenza virus circulation varies,
and thus, rates of influenza-associated pneumonia
vary from year to year. Data from these reports
indicate that in comparison to patients with influ-
enza virus infection without pneumonia, patients
with influenza virus infection and radiographic ev-
idence of pneumonia have a more severe course
of illness in terms of longer length of stay, ICU
admission, mechanical ventilation, acute respira-
tory distress syndrome, sepsis, and death.*°

Although RSV is commonly associated with
bronchiolitis, it is also a well-known cause of the
clinically and radiographically defined pneumonia,
with RSV burden highest among children less than
2 years old. Most children are infected with RSV by
2 years of age, and the first infection, which may
not confer immunity, is usually most severe. Pre-
maturity and young age have been shown to be in-
dependent risk factors for hospitalization.*’ In
countries with a high HIV prevalence, RSV-
associated acute lower respiratory tract infection
has led to an increased risk of hospitalization and
death, and longer hospital stay in children with
HIV infection compared with children without HIV
infection.*? RSV has also been shown to lead to
acute respiratory infection in adults, including hos-
pitalization, with the highest burden among adults
greater than 50 years old.2° In addition to older
age, other risk factors for RSV infection in adults
include immunocompromised states and chronic
lung conditions.*®



Pneumonia was reported in almost half of the
children who were hospitalized with HMPV infec-
tion in one multisite study of acute respiratory
illness conducted in the United States.** Similar
to RSV, prematurity and asthma have been shown
to be more frequent among hospitalized children
with HMPV infection than children without HMPV
infection.** Risk factors for HMPV infection and
subsequent complications, including pneumonia
and hospitalization in adults, include older age,
and underlying conditions, including asthma, can-
cer, and chronic obstructive pulmonary disease.?’

In addition to annual epidemics of respiratory vi-
ruses, it is important to be vigilant for new and
emerging viruses that can lead to severe illness
including pneumonia, hospitalization, and death.
Recent examples include Severe Acute Respira-
tory Syndrome Coronavirus (SARS-CoV)*® and
Middle-East Respiratory Syndrome Coronavirus
(MERS-CoV).“¢ SARS-CoV was first recognized
in China in 2002 and caused a worldwide outbreak
with 8098 probable cases and 774 deaths from
2002 to 2003; however, no cases have been re-
ported since 2004. MERS-CoV was first reported
in 2012 in Saudi Arabia and has since caused out-
breaks in multiple countries in the region. Most
MERS cases have been in older men and those
with chronic medical conditions, but all ages
have been affected, including those in contact
with a person who had MERS, especially health
care workers.*’

Avian influenza viruses are circulating in birds,
both wild and domesticated, throughout the world.
Although many viruses are considered low patho-
genic avian influenza A viruses, there are highly
pathogenic virus strains as well that have been
detected in humans. lliness can range from mild
to severe, including pneumonia, and cases are
often sporadic and after contact with infected
birds or their fluids; closing of live bird markets
has been shown to reduce transmission. From
2003 to 2016, there have been 854 infections of
avian influenza A (H5N1) virus reported to WHO,
among which there were 450 (53%) deaths.*® Hu-
man infections with avian influenza A (H7N9) virus
were first reported in China in 2013.%° Since then,
there have been 798 laboratory-confirmed infec-
tions in China; most infections are sporadic with
a few clusters of infection. There is no evidence
of sustained human-to-human transmission.*®
Since 2014, there have also been outbreaks in
North America and elsewhere among wild and
domesticated birds with influenza A (H5Nx and
H7N8), which are considered highly pathogenic vi-
ruses in birds, but thus far, there have not been any
human cases (http://www.oie.int/en/animal-health-
in-the-world/update-on-avian-influenza/2016/).
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GAPS IN KNOWLEDGE ABOUT THE
EPIDEMIOLOGY OF RESPIRATORY
VIRUS-ASSOCIATED PNEUMONIA

Although active and systematic surveillance for all
respiratory viruses has increased globally and is
strongest for influenza viruses, it is still lacking
throughout much of the world.>" Many questions
remain about the seasonality of influenza and
other respiratory viruses in tropical countries
where there is increasing evidence of year-round
circulation of influenza in warmer, more humid cli-
mates.?9=31:52 Country-specific studies to better
understand the contribution of viruses to pneu-
monia are still required, especially from low- and
middle-income countries. The PERCH project will
further the understanding of pneumonia in children
less than 5 years old,' but data on older adults
and pneumonia remain scant.

Country-specific data on pneumonia, from high,
low, and middle income are continually needed
because the prevalence of respiratory viruses
varies due to seasonal and geographic differ-
ences. Incidence also varies, including by age
but also due to socioeconomic and sociocultural
factors. In addition, access to prevention and con-
trol methods that may be in place in some but not
all countries (ie, vaccination coverage for S pneu-
moniae or Haemophilus influenzae, antibiotics, or
antivirals) can affect the epidemiology of viral
pneumonia. Risk factors for pneumonia, such as
malnutrition, air pollution, tuberculosis, or coexist-
ing malarial infection, may be more relevant in
low- and middle-income countries than in more
developed countries, where underlying conditions
or tobacco exposure may be more prevalent
among patients with pneumonia.*3°

In addition, most pneumonia studies have been
performed in hospital settings. However, in many
parts of the world, including developed and devel-
oping nations, viral pneumonia does not always
result in hospitalization; deaths are missed because
they occur at home.>® Thus, more studies conduct-
ed in the community and also outpatient settings
are needed to more fully understand the burden
and epidemiology of respiratory viral pneumonia.

SUMMARY

The burden of pneumonia, including that due to res-
piratory viruses, is markedly higher in the very young
(<5 years) and older adults (>50 years). Viruses are
commonly detected, and clinically, it is difficult to
distinguish between viral and bacterial pneumonia
for most patients at presentation. Further develop-
ment of new rapid diagnostic tests that can accu-
rately distinguish among potential pathogens is
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urgently needed to better inform clinical care and
public health practice.>* Treatment and vaccination
are only currently available for influenza despite the
high burden of RSV, HMPV, and other viruses.
Development of effective vaccines and treatments
for these viruses of importance could reduce the
burden of pneumonia and their complications in
both children and adults around the world.
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