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Abstract
Despite efforts in prevention worldwide including recent advances in

vaccine therapy, childhood community acquired pneumonia (CAP)

remains a major cause of morbidity and mortality both in the developed

and the developing world.

Traditionally, qualifying the aetiology of CAP proved to be fraught with

challenges particularly due to low yields from blood and sputum speci-

mens. In recent years however, new advances in techniques such as

enzyme-linked immunosorbent assay and polymerase chain reaction

have dramatically improved detection rates of both bacteria and viruses.

In addition to qualifying the true burden of disease by known organisms

such as Streptococcus pneumoniae it has led to the identification of

organisms such as human bocavirus which have not previously been

associated with CAP.

This article aims to provide a brief update to the clinician on the current

epidemiology of CAP in this post-vaccination era. It is based on a combi-

nation of recommendations from existing clinical practice guidelines,

recent systematic reviews and the current literature.
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Definition

Childhood community acquired pneumonia (CAP) can be

defined as an infection affecting an individual under the age of

16 years whose lungs are inflicted by a spectrum of pathogens

acquired outside a hospital setting. This subsequently results in

inflammation of the affected lung tissue. Clinically, it can be

defined as the presence of signs and symptoms of pneumonia

such as fever, tachypnoea and cough in a previously well child.

In young children these symptoms may be non-specific.

Currently in spite of the limitations in its accuracy, chest

X-rays remain the mainstay for diagnosis of childhood CAP.

Radiographic findings of consolidation are typically used to

verify the diagnosis in developed countries. This is not absolute,

as good clinical assessment may precipitate empirical treatment

for CAP with no further investigations. In the developing world,
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with difficulties in obtaining an X-ray, more emphasis is placed

on clinical assessment.

Whilst the inclusion of a responsible pathogen is ideal in the

definition of CAP, current techniques have yet to obtain sufficient

sensitivity to detect all relevant organisms. Consequently,

a significant proportion of cases have no pathogen identified,

findings mirrored in many prospective epidemiological studies

involving numerous specimen types such as blood and sputum.

This raises assumptions and poses challenges on adopting an

evidence-based approach to managing CAP, in particular on

appropriate antibiotic and/or antiviral use. Resultantly, measure-

ments such as blood white cell count and C - reactive protein are

utilized as proxies to guide us on the nature and severity of the

infection. Whilst these are regarded as useful measurements they

do not necessarily allow us to direct our treatment towards

specific pathogens. This commonly results in viral pneumonia

being treated unnecessarily with antibiotics. This stratifies a clear

need for better diagnostic methods.
Background

In spite of recent advances in vaccination therapies, environmental

modification and treatment of underlying diseases that have been

promoted extensively over the past decade, childhood CAP

continues to be attributable to significant morbidity and mortality

worldwide. CAP affects up to 450million people a year in all regions

of the world. Disproportionally, childhood CAP affects up to 156

million children per year and leads up to 4 million deaths per year.

CAP has continued to be estimated as the leading single cause

of childhood mortality in the world with recent data suggesting

that the number of children with severe CAP is increasing

worldwide. Difficulties continue to persist in producing evidence-

based estimates, due in part to the absence of a simple investi-

gation that has full accuracy to identify all children with CAP,

variances in CAP case definition, the low specificity of verbal

autopsies in CAP, similarity in clinical picture between pneu-

monia and malaria, difficulties in differentiation between CAP

and neonatal sepsis and diagnosis based on clinical assessment

and no verification by chest X-rays (Figure 1).

Whilst no country is spared from themorbidity andmortality of

CAP, disproportionally 95% of these episodes occur in developing

countries (Figure 1). It remains the leading cause of death amongst

children in low-income countries with just 15 countries of the

world accounting for 74% (115.3 million episodes) of these

episodes. Currently,more than half of theworld’s annual newCAP

cases are concentrated in India (43 million), China (21 million),

Pakistan (10 million), Bangladesh, Indonesia and Nigeria (6

million each).

CAP is attributable to a combination of exposure to risk factors

related to the host, the environment and the resulting infection

(Table 1). Some risk factors such as parental smoking are common

to both developed and developing countries whilst others such as

malnutrition and lack of immunizations which are specific to

developing countries have exacerbated the disparity in the

worldwide burden of CAP.

Though the incidence of CAP varies widely amongst developing

countries, developed regions such as North America and Europe

share similar incidence figures. For example, the annual incidence

of CAP in children under 5 years of age in North America is 34e40
� 2012 Elsevier Ltd. All rights reserved.
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Figure 1 Incidence of childhood clinical pneumonia at the country level.

Reproduced with permission from Rudan, I. Epidemiology and etiology of childhood pneumonia. Bull World Health Organ.

Risk factors related to the host and the environment
that affects incidence of childhood clinical pneumonia
in the community
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Non-exclusive breastfeeding

(during the first 4 months of life)

Lack of measles immunization
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Reproduced with permission from Rudan, I. Epidemiology and etiology of

childhood pneumonia. Bull World Health Organ.
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cases per 1000 per year. This strongly correlates with the incidence

in Europe, where in Finland the incidence is 36 cases per 1000

childrenper year. In theUnitedKingdom(UK), the incidencefigures

are lower at 1.44 cases per 1000 per year in children over 1 year of

age.Whilst our incidence may seem small in comparison to Europe

andNorthAmerica, note that these rates are derived froma regional

hospital-based audit excluding children under 1 year of age and

those treated in the community where a significant proportion of

cases may lie but where data is more difficult to collect.

CAP continues to be seen commonly in children younger than

5 years of age. To illustrate, in Finland the incidence falls from 36

to 16.2 cases per 1000 per year in children older than 5 years of

age. Worldwide, CAP is attributable to 28e34% of all deaths in

children in this age group. The World Health Organization esti-

mates that one in three newborn infant deaths occur due to

pneumonia. Alongside this, other risk factors for long term

morbidity and mortality from CAP include prematurity, low-

birth-weight, immunocompromised children and those known

to have underlying conditions such as cystic fibrosis, congenital

heart disease and asthma. Incidentally, previous upper respira-

tory tract infections (URTIs) are also independently associated

with childhood CAP with a strong correlation of an increasing

number of URTIs leading to a rise in CAP episodes, possibly due

to higher infection susceptibility.

Aetiology

CAP is caused by a wide variety of organisms both bacterial and

viral. Due to the absence of accurate, fast and widely available

affordable diagnostic tools, the identification of the causative
� 2012 Elsevier Ltd. All rights reserved.
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organism at presentation that would allow for effective direct

treatment remains difficult.

Epidemiological studies conducted to delineate the aetiology

of CAP can be segregated into two study forms. Traditionally

these were prospective hospital-based studies that have relied on

blood cultures and occasionally percutaneous lung aspiration

and bronchoalveolar lavage (BAL). This approach lacks sensi-

tivity due in part to the low yield of blood cultures, difficulty in

obtaining adequate sputum samples and reluctance in perform-

ing lung aspiration and BAL in children.

Furthermore, even with rigorously conducted studies, the

generalizability of these findings are questioned due to numerous

confounders such as seasonality, setting, age of children, local

criteria for hospital admission and whether it coincided with

a particular epidemic which are difficult to control. These type of

studies have not been discontinued as in recent years the use of

newer methods and improvement of previous techniques such as

indirect immunofluorescence, enzyme-linked immunosorbent

assay, polymerase chain reaction (PCR), examination of nasopha-

ryngeal specimens or by serology in paired samples have improved

respiratory viral identification and pneumococcal detection in

blood.

With the advances in vaccine therapy, estimation studies

involving vaccines are now more commonplace. Here, the

number of CAP cases prevented by a specific vaccine is presumed

to be a minimum estimate of the prevalence of CAP due to the

organism against which the vaccine is directed.

Causative organisms vary according to a child’s age. Viruses

are the commonest in children under 5 years old with bacterial

causes being reported as being more common in older children.

A significant number of cases of CAP continue to represent

a mixed infection with comprehensive studies finding a mixed

viral-bacterial infection in 23e33% of cases (Table 2).
Viruses
Viruses remain the commonest cause of CAP in young children.

Overall viruses account for 30e67% of cases and are most

frequent in children under 1 year of age. In a recent vaccine

probe study, only 6% of children under 2 years of age with

a clinical diagnosis of CAP had Pneumococcus identified.

Respiratory syncytial virus (RSV): RSV remains the leading viral

cause, being identified in 15e40% of CAP or bronchiolitis cases

admitted to hospital in developing countries. This is in spite of

difficulties in detection due to its fragility. It is found in significant

frequency in all climatic and geographical areas,with sharppeaks of

activity over a period of 2e4 months. It seasonality varies consid-

erably between regions. Peaks typically occur in the winter season

in temperate climates and in the rainy season in tropical climates.

A primary respiratory infection caused by RSV is attribut-

able to increased risk of a secondary bacterial infection with

viral or bacterial co-infection a common finding in approxi-

mately 20e30% of childhood CAP episodes. Additionally

episodes of wheezing due to reactive airways are commonly

seen. The risk of CAP or bronchiolitis caused by RSV is highest

among children aged less than 2 years with the majority of

episodes occurring in the first year of life, more commonly in

boys. The most severe disease occurs in infants aged 3 weeks

to 3 months.
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In spite of new vaccine development, RSV continues to be

a very significant and potentially deadly pathogen that causes

childhood CAP, both alone and through mixed infections with

bacterial causes.

Influenza A: followed closely by RSV in causing significant

morbidity and mortality in childhood CAP is Influenza A. It has

raised to the forefront of epidemiological indices partly due to

improved detection rates. Previously it was detected relatively

infrequently in paediatric pneumonia using immunofluores-

cence. With viral PCR, the diagnostic yield of the virus has been

doubled. It is causative in more than one-third of all viral CAP

cases, a rate comparable with that of RSV CAP. In a prospective

epidemiological study in the UK during a 6-month winter influ-

enza season, 16% of children diagnosed with CAP were noted to

have influenza A. Measured by the duration of fever, hospital

stay and total duration of illness; the clinical burden of influenza

A CAP is comparable with that of RSV CAP.

Human immunodeficiency virus (HIV): over the past decade,

the HIV epidemic has been partly to blame in increasing the

incidence and mortality from childhood CAP with bacterial

super-infections the mainstay cause of childhood mortality. In

comparison to uninfected children pathogens such as Pneumo-

cystis jiroveci and Mycoplasma tuberculosis remain important

causes of childhood CAP.

Though routine vaccinations provide lower efficacy in HIV

infected children, they are still able to mount a sufficient immune

response to protect a substantial proportion of CAP caused by

those specific pathogens. Antiretroviral treatment and use of co-

trimoxazole prophylaxis have been further noted to reduce the

incidence and severity of HIV-associated CAP.

Other viruses: increasingly more common are the newly iden-

tified viruses such as human metapneumovirus and human

bocavirus which are found in 8e12% and approximately 5% of

CAP cases respectively. Other viruses isolated in children with

diagnosed with CAP include adenovirus, rhinovirus, varicella

zoster virus, cytomegalovirus, herpes simplex virus and entero-

viruses. It will be some time before any of these causes are

preventable by routine immunization.
Bacteria
Streptococcus pneumoniae (S. pneumoniae): S pneumoniae is

a major cause of mortality and morbidity in both developing and

industrialized countries, especially among young children and in

both immunocompromised and immunocompetent individuals.

It is implicated in both invasive (e.g. meningococcal disease and

septicaemia) as well as noninvasive disease (CAP and otitis

media).

The burden of pneumococcal disease is considerable, with

incidence rates of both invasive and non-invasive disease peak-

ing in children under 5 years of age. In a recent systematic review

and meta analyses, S. pneumoniae was the most frequently iso-

lated agent (11.08%; 95% confidence interval (CI) 7.63e15.08)

with pneumococcal serotype 14 being the most prevalent

(33.00%; 95% CI 25.95e40.45). This has been confirmed in

numerous prospective, microbiology-based studies, with pneu-

mococcus identified in 30e50% of CAP cases diagnosed.
� 2012 Elsevier Ltd. All rights reserved.
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Prospective studies of specific pathogens from developed countries

Reference

[evidence

level]

Age Year and setting Tests Total

episodes

Viral (n) Bacteria,

% (n)

Mycoplasma,

% (n)

Chlamydia,

% (n)

Mixed,

% (n)

Total

diagnosed,

% (n)

Wolf [Ib] <5 years ED NPA hMPV PCR; NPIA 1296 RSV 23.1

hMPV 8.3

Adeno 3.4

Infl A 2.9

PIV 2.9

Cilla [Ib] 1e35 months 2004e6, Spain,

IPþOP

NPIA þ PCR, BC, serology,

Binax pleural fluid

338 67 (18 viral co-infection)

RSV 19.8

HboV 14.2

RV 13.6

HMPV 11.5

Corona 6.5

Spn 2.1 (7) 1.8 (6) * NA NA

Haman [II] 0e19 years 2005e6, Japan NPA PCR 1700 27.9 (2.1% multiple)

RV 14.5

RSV 9.4

hMPV 7.2

HboV 2.9

a 14.8 (251) 1.4 (24) 15.2 NAa

Don [II] 0.3e16 years 2001e2, Italy,

IPþOP

Serology (viral and bacterial) 101 42 (3 dual)

RSV 17

PIV 12

Infl 9

hMPV 5

44

Spn18

HI 3

Mcat 1

26.7 (27)

<2 years:

12e5 years:

8>5 years:

18p<0.0001

7.9 (8) 20 65 (66)

Lin [II] 3 monthse18

years

2001e2,

Taiwan, IP

NPIA, NPVC; hMPV PCR; BC;

urine Spn ag; serology MPþCP

116 38.8 (45)

RSV 28.9

Adeno 28.9

hMPV 13.3

Infl 13.3

a 37.9 (44) 4.3 (5) NA NAa

Michelow [Ib] 6 weekse18

years

1999e2000,

USA, IP

NPIA, NPVC; Spn BPCR; BC;

serology viral, Spn, MP, CP

154 45 (65)

RSV 13

Infl 22

PIV 13

Adeno 7

60 (93)

Spn 44 (68)

GAS 1 (2)

SA 1 (2)

14 (21) 9 (14) 23 79 (122)

Macherel[Ib] 2 monthse5

years

2003e5,

Switzerland: IP

NPIA þ PCR; Spn BPCR; BC;

serology viral, Spn, MP, CP;

99 67

RV 20h

MPV 13

RSV 13

Infl 14

Paraflu 13

Adeno 7

Corona 7

53 (52)

Spn 46 (45)

GAS 1 (1)

11 7 33 (33) 86 (85)
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Drummond[II] 0e16 years 1996e8, UK, IP NPIA; NPVC; serology viral,

Spn, MP, CP; urine Spn ag;

136 37 (50)

RSV 25

Infl A 5

CMV 3

Adeno 1.4

12.5 (17)

GAS 7 (9)

Spn 4 (5)

2 (3) 11 (15) 51 (70)

Laundy[II] 0e5 years 2001e2, UK,

IPþOP

NPIAþPCR;BC; specifically

viral testing

51 43 (22)

RSV 18 (9)

Infl A 16 (8)

Adeno 6 (3)

PIV 6 (3)

12 (6)

Spn 6

2) NA NA 49 (25)

Tsolia[Ib] 5e14 years 2004, Greece, IP NPA PCR; serology MP, CP,

Spn, HI, Mcat;

75 65 (49)

RV 45 (34)

Adeno 12 (9)

PIV 8 (6)

Infl 7 (5)

RSV 3 (2)

hMPV 1 (1)

40 (30)

Spn 7 (5)

(26) 3 (2) 28 (21) 77 (58)

Macherel[Ib] 2 monthse5

years

2003e5,

Switzerland: IP

NPIA þ PCR; Spn BPCR; BC;

serology viral, Spn, MP, CP;

99 67

RV 20h

MPV 13

RSV 13

Infl 14

Paraflu 13

Adeno 7

Corona 7

53 (52)

Spn 46 (45)

GAS 1 (1)

7 33 (33) 86 (85)

Drummond[II] 0e16 years 1996e8, UK, IP NPIA; NPVC; serology viral,

Spn, MP, CP; urine Spn ag;

136 37 (50)

RSV 25

Infl A 5

CMV 3

Adeno 1.4

12.5 (17)

GAS 7 (9)

Spn 4 (5)

3) 11 (15) 51 (70)

Laundy[II] 0e5 years 2001e2, UK,

IPþOP

NPIAþPCR;BC; specifically

viral testing

51 43 (22)

RSV 18 (9)

Infl A 16 (8)

Adeno 6 (3)

PIV 6 (3)

12 (6)

Spn 6

2) NA NA 49 (25)

Tsolia[Ib] 5e14

years

2004, Greece, IP NPA PCR;

serology MP, CP,

Spn, HI, Mcat;

75 65 (49)

RV 45 (34)

Adeno 12 (9)

PIV 8 (6)

Infl 7 (5)

RSV 3 (2)

hMPV 1 (1)

40 (30)

Spn 7 (5)

(26) 3 (2) 28 (21) 77 (58)
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Prior to the introduction of the pneumococcal vaccine the

annual incidence of childhood CAP was 33 per 10 000 children

aged 0e5 years and 14.5 per 10,000 children aged 0e16 years

evidenced from remarkably consistent prospective studies both

in Norway and the UK. With the introduction of these protein-

polysaccharide vaccines, the burden of disease caused by

S. pneumoniae have fallen dramatically. This falls have also

applied in other encapsulated bacteriae such as Haemophilus

influenzae, Neisseria meningitidis and Salmonella Typhi.

In the UK where infant vaccination with the seven-valent

pneumococcal conjugate vaccination (PCV 7) started in 2007,

a national time trends study has shown a 19% decrease in admis-

sion rates between 2006 and 2008. In countries such as the United

States of America (USA)where PCV 7 has been available for longer,

a decrease in hospital admissions of approximately 30% have been

reported. With the introduction of the thirteen-valent pneumo-

coccal conjugate vaccine (PCV 13) worldwide over the coming

years the clinical suspicion of bacterial CAP in a fully vaccinated

child is likely to fall further.

With the advent of the pneumococcal vaccine, there have

been several equivocal findings. Whilst the incidence of invasive

pneumococcal disease including bacterial CAP has declined

changes in noninvasive pulmonary disease have not shown

a similar decline. Furthermore rates of local complications

associated with CAP including the prevalence of empyema have

been surprisingly increasing in all age groups. This has been

hypothesized to be due to changes in circulating pneumococcal

strains which may be producing differential changes in disease

incidence and disease presentation in several populations.

Haemophilus influenzae (H. Influenzae): H. influenzae type

B (HiB) currently remains the second most common bacterial

organism responsible for CAP. Numerous studies, particularly

blood culture based have isolated the organism in up to 30% of

childhood CAP cases. Controversy surrounds the role of non-

typable H. Influenzae (NTHI) with several studies in Pakistan

and Papua New Guinea noting it as a common blood culture or

lung aspirate. Of note, these findings have yet to replicated

elsewhere.

Staphylococcus aureus (S. Aureus): after S. pneumoniae and

H. influenzae, S. aureus is the third most common bacterial

organism isolated in CAP. In the USA, S. aureus has increased in

frequency over the past decade, many of which were attributable

to community acquired Methicillin-resistant S. Aureus (MRSA)

and USA300 isolates. In approximately 15% of these cases, viral

co-infection was attributed to causing respiratory failure.

Worldwide, in a recently completed WHO study of severe CAP,

S. aureus was identified in 47 of the 112 cases (42% of cases),

making it the second largest cause in the study. Furthermore, in an

epidemiological study involving lung aspiration in Chile utilizing

a sample size of over 500 children including normal controls,

S. aureus was identified as the main pathogen.

Others: other organisms, such as Salmonella spp. Mycoplasma

pneumoniae, Mycobacterium tuberculosis, Chlamydia spp., Pseu-

domonas spp., Escherichia coli, and measles, varicella, influenza,

histoplasmosis and toxoplasmosis, also cause CAP.

Whilst infections from many of these organisms are yet to be

preventable, worldwide immunization efforts against measles,

influenza, bacille CalmetteeGu�erin (BCG) and now
� 2012 Elsevier Ltd. All rights reserved.
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pneumococcus have been associated in contributing to the

decline of the worldwide CAP burden.

The causes of neonatal pneumonia in developing countries

have yet to be studied extensively, however several studies of

neonatal sepsis have suggested that these include Gram-negative

enteric organisms in particular Klebsiella spp and Gram-positive

organisms such as pneumococcus, Group B Streptococcus and

S. aureus.

Assessment and management

The investigation and management of CAP is beyond the scope of

this article and readers should refer to the current BTS guideline

on the management of childhood CAP for further reading. As

a summary however, we’ve aimed to highlight several key

learning points as an important preclude for further reading.
Clinical features
Though clinical features of CAP are not specific for aetiology,

there are several key features which increase the clinical suspi-

cion that a child is presenting with CAP. These are listed out by

the National Institute for Health and Clinical Excellence (NICE)

in the table above (Table 3).
Investigation
In a recent Cochrane review, it is suggested that investigation of all

children with clinical features of CAP is unnecessary and treat-

ment may be started empirically based on medical assessment.

Whilst chest X-ray findings do not help in specifying aeti-

ology, the World Health Organisation has produced a method for

standardizing the interpretation of chest radiographs in children.

Previously, sequential rise in acute phase reactants has been

suspected as a means of differentiating aetiology and/or severity

of CAP, however new evidence have noted that they are not of

clinical utility in distinguishing viral from bacterial infections and

should not utilized as a routine test.
Management
Currently, evidence states that fully vaccinated children less than

2 years old presenting with mild symptoms of LRTI do not

necessarily need to be treated with antibiotics however they

should be reviewed if symptoms persist.

As bacterial and viral pneumonia may not be reliably distin-

guished on clinical features, all children with a clear clinical
Clinical features of pneumonia

C Tachypnoea

� RR >60 breaths per minute age 0e5 months

� RR >50 breaths per minute age 6e12 months

� RR >40 breaths per minute age >12 months

C Crackles

C Nasal flaring

C Chest indrawing

C Cyanosis

C Oxygen saturation �95%

Table 3
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diagnosis of CAP should receive antibiotics. Oral amoxicillin

remains the antibiotic of choice as it is effective, well tolerated and

cheap.

Current statistics note that approximately one in four children

with CAP require hospitalization. Whilst it has been noted that

there is a high rate of intravenous antibiotic administration in

children admitted to hospital with CAP, oral amoxicillin is the

antibiotic of choice and should be administered as first line

treatment. Intravenous antibiotics should be reserved for chil-

dren who are unable to absorb oral medication or those pre-

senting with complicated CAP or septicaemia.

Evidence also notes that chest physiotherapy although still

practiced in the United Kingdom, is of no benefit and should not

be performed in children with CAP. Simple oral antibiotics and

supportive care are likely to be effective for the majority of

children with CAP.

Conclusion

Approximately 150 million new episodes of childhood CAP

occurred globally per year of which more than 95% of them

occurred in developing countries. In spite of advances undertaken

to reach the Millenium Development Goals, approximately 2

million deaths fromCAP occur each year in children aged less than

5 years of age, mainly in the African and South-East Asia Regions.

Whilst evidence based estimates of the importance of causa-

tive organisms vary in different settings the main causes of CAP

worldwide are RSV, S. pneumonia and HiB. Future studies, with

further advances in current techniques and development of

better methods to detect infections from a wider range of path-

ogens, will broaden our understanding of the cause of CAP

further elucidating new vaccine development. A
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