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ABSTRACT
Objective To identify aetiologies of childhood community- 
acquired pneumonia (CAP) based on a comprehensive 
diagnostic approach.
Design ‘Partnerships for Enhanced Engagement in 
Research- Pneumonia in Paediatrics (PEER- PePPeS)’ study 
was an observational prospective cohort study conducted 
from July 2017 to September 2019.
Setting Government referral teaching hospitals and 
satellite sites in three cities in Indonesia: Semarang, 
Yogyakarta and Tangerang.
Participants Hospitalised children aged 2–59 months 
who met the criteria for pneumonia were eligible. Children 
were excluded if they had been hospitalised for >24 hours; 
had malignancy or history of malignancy; a history of long- 
term (>2 months) steroid therapy, or conditions that might 
interfere with compliance with study procedures.
Main outcome(s) measure(s) Causative bacterial, viral 
or mixed pathogen(s) for pneumonia were determined 
using microbiological, molecular and serological tests 
from routinely collected specimens (blood, sputum and 
nasopharyngeal swabs). We applied a previously published 
algorithm (PEER- PePPeS rules) to determine the causative 
pathogen(s).
Results 188 subjects were enrolled. Based on our 
algorithm, 48 (25.5%) had a bacterial infection, 31 
(16.5%) had a viral infection, 76 (40.4%) had mixed 
bacterial and viral infections, and 33 (17.6%) were 
unable to be classified. The five most common causative 
pathogens identified were Haemophilus influenzae non- 
type B (N=73, 38.8%), respiratory syncytial virus (RSV) 
(N=51, 27.1%), Klebsiella pneumoniae (N=43, 22.9%), 
Streptococcus pneumoniae (N=29, 15.4%) and Influenza 
virus (N=25, 13.3%). RSV and influenza virus diagnoses 
were highly associated with Indonesia’s rainy season 
(November–March). The PCR assays on induced sputum 
(IS) specimens captured most of the pathogens identified 
in this study.
Conclusions Our study found that H. influenzae non- type 
B and RSV were the most frequently identified pathogens 
causing hospitalised CAP among Indonesian children aged 
2–59 months old. Our study also highlights the importance 

of PCR for diagnosis and by extension, appropriate use of 
antimicrobials.
Trail registration number NCT03366454

INTRODUCTION
Pneumonia is the leading infectious cause 
of child mortality, with a greater burden in 
low- income and middle- income countries 
(LMICs).1 In Indonesia, pneumonia contrib-
uted to 15% of childhood deaths and was the 
second leading cause of death among chil-
dren under 5 years in 2017.2 Indonesian prac-
tice guidelines are adapted from the WHO 
guidelines, which are based on 1970s–1990’s 
data showing bacteria such as Haemoph-
ilus influenzae type b (Hib) and Streptococcus 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Prospective multisite study conducted over 
27 months.

 ⇒ Used a comprehensive diagnostic approach (culture, 
molecular testing and paired serological assays) to 
identify causative pathogens from routinely collect-
ed specimens (blood, sputum and nasopharyngeal 
swabs).

 ⇒ The relatively small sample size, geographical lim-
itation to the island of Java and observational design 
limit generalisability and causal inference.

 ⇒ We did not collect lung aspirates or pleural fluid 
specimens, which are preferred for determination 
of pneumonia aetiology, and did not include healthy 
control children, limiting ability to estimate the 
adjusted population attributable fraction for each 
pathogen.

 ⇒ Several cases of pneumonia were attributed to 
unknown aetiology, which could be due to admin-
istration of antibiotics before culture, poor sputum 
quality, limited bacterial and viral panels, lack of 
fungal testing or another factor.
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pneumoniae caused the majority of fatal pneumonias in 
children.3–5 Therefore, empiric antibiotics are considered 
first- line treatment for children with community- acquired 
pneumonia (CAP).6–8 Despite evidence that appropriate 
antibiotics are lifesaving, rational selection of antibiotics 
for pneumonia is hampered by low adherence to guide-
lines and scarcity of point- of- care diagnostics.9–11 Conse-
quently, healthcare providers, particularly those in LMIC, 
are likely to overtreat non- bacterial pneumonia with anti-
biotics.11 12

Several recent studies of CAP in children have high-
lighted the role of viral aetiologies. Increased recognition 
of viral aetiologies of CAP is likely due to both enhanced 
molecular diagnostic capacity and wide deployment of 
Hib and pneumococcal conjugate vaccines (PCV).13 14 
Treatment of non- bacterial pneumonia with antibiotics 
may engender avoidable antimicrobial resistance. Thus, 
current data on the aetiologies of childhood pneumonia 
is needed and should be regularly evaluated to inform 
vaccination policies, empiric management decisions and 
targeted treatment.12

From a diagnostic standpoint, direct demonstration of 
organisms by culture (or staining) of lung aspirates has 
been the standard for determining microbial aetiology of 
CAP.15 In the current era, many use less- invasive biological 
specimens (eg, blood, naso/oropharyngeal secretions, 
bronchoalveolar lavage or induced sputum (IS)) and 
employ diverse methods (eg, culture, PCR, antigen detec-
tion or paired serology) to identify organisms.16 However, 
such comprehensive methods are costly and often require 
specialised equipment and human resources, limiting 
feasibility in low- resource settings.17 18

Prospective community- based cohort studies that 
define pathogen(s) causing CAP in Indonesian children 
are scarce. We conducted a ‘Partnerships for Enhanced 
Engagement in Research- Pneumonia in Paediatrics 
(PEER- PePPeS)’ study, which aimed to identify aetiolo-
gies of childhood CAP using comprehensive diagnostic 
methods.

METHODS
Study design and study sites
PEER- PePPeS was a multisite observational cohort study 
( ClinicalTrials. gov Identifier: NCT03366454) seeking to 
determine aetiologies of CAP among children aged 2–59 
months in Indonesia. The study was conducted by the 
Indonesia Research Partnership on Infectious Disease 
(INA- RESPOND) and enrolled participants initially at 
three government referral teaching hospitals in three 
provinces: Kariadi Hospital (Central Java), Sardjito 
Hospital (Yogyakarta) and Tangerang District Hospital 
(Banten), as shown in online supplemental file 1). Satel-
lite sites located near the primary sites were added during 
the study to facilitate subject recruitment.

Study definitions
In this study, pneumonia in children was defined as cough 
or fever with at least one of the following: shortness of 

breath (indicated by at least one of the following signs: 
head bobbing; nasal flaring; chest indrawing or inter-
costal retracting), tachypnea, grunting, crackles, rhonchi, 
decreased vesicular breath sounds, bronchial breath 
sounds or chest X- ray findings consistent with pneu-
monia. Tachypnoea was defined as respiratory rate >50/
min for infants 2–12 months and >40/min for chil-
dren>12–60 months.19 Abnormal chest X- ray findings 
consistent with pneumonia were defined as presence of 
either focal or diffuse infiltrates, a silhouette sign, pleural 
effusion or air bronchogram.20 Chest X- rays were read by 
the paediatrician.

Based on WHO classification and treatment of child-
hood pneumonia at health facilities (2014 version), for 
children 2–59 months of age, severe pneumonia is defined 
as pneumonia (tachypnea and/or chest indrawing) 
accompanied by presence of any danger signs, including 
inability to drink, persistent vomiting, convulsions, leth-
argy or loss of consciousness, stridor in a calm child or 
severe malnutrition.19

Study participants
PEER- PePPeS study enrolled children aged 2–59 months, 
who were hospitalised between 18 July 2017 and 25 
September 2019, and met the definition for pneumonia. 
Eligible subjects were enrolled within 24 hours of admis-
sion. Children were excluded if they had been hospi-
talised for >24 hours; had a malignancy or history of 
malignancy; a history of long term (>2 months) steroid 
therapy; or conditions that might interfere with compli-
ance with study procedures (eg, very ill patients for whom 
specimens could not be obtained or living outside the 
area for which follow- up was practical).

Study procedures
Demographic and anthropometric data, current signs 
and symptoms, pregnancy history, vaccination status, 
breastfeeding history, antibiotic and steroid exposure, 
family history, medical history, risk factors, haematology 
profiles, chemistry results and chest X- ray (per standard 
of care) were collected at enrolment. Clinical examina-
tion (vital signs, general examination, lung auscultation, 
SpO2); nasopharyngeal (NP) swab for molecular tests; IS 
for culture and molecular tests; collection of blood spec-
imens for routine blood count, cultures, molecular tests, 
serological tests, C reactive protein (CRP) and procal-
citonin (PCT) were also performed. We prospectively 
followed subjects daily until hospital discharge; data on 
vital signs, respiratory signs, intensive care admission, intu-
bation, complications and treatment were collected. On 
day 14, we performed clinical examinations and collected 
convalescent sera for serology tests; subjects discharged 
before day 14 returned to clinic for their evaluation. We 
conducted a telephone interview on day 30 (±4 days) to 
assess clinical outcome.

This study used several widely available bacterial and 
viral respiratory molecular pathogen panels and serolog-
ical assays.21–24 NP and IS specimens were tested with a 
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PCR panel that included 12 viruses (influenza A, influ-
enza B, adenovirus, enterovirus, bocavirus, respiratory 
syncytial virus (RSV) A, RSV B, human metapneumovirus 
(hMPV), rhinovirus, parainfluenza virus (PIV) 1–4, coro-
navirus OC43 and coronavirus NL63). NP specimens 
were evaluated by PCR for five bacteria (Haemophilus 
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, 
Staphylococcus aureus and Klebsiella pneumoniae), while IS 
specimens were tested for nine (Haemophilus influenzae, 
Streptococcus pneumoniae, Mycoplasma pneumoniae, Chla-
mydia pneumoniae, Bordetella pertussis, Moraxella catarrhalis, 
Staphylococcus aureus, Klebsiella pneumoniae and Legionella 
pneumoniae). Good quality (<10 squamous epithelial cells 
per low power field12) IS specimens underwent culture 
and gram stain.25 For whole blood, qPCR was performed 
for three bacteria (Haemophilus influenzae, Streptococcus 
pneumoniae and Staphylococcus aureus). Serological testing 
for seven viruses (influenza A, influenza B, adenovirus, 
parvovirus B19, echovirus/enterovirus, RSV, PIV) and 
four bacteria (Mycoplasma pneumoniae, Chlamydia pneu-
moniae, Legionella pneumoniae and Bordetella pertussis) was 
performed using paired acute- convalescent sera.

Blood culture, IS culture and Gram stain, routine blood 
count, CRP, PCT and chest X- ray were performed by the 
laboratory/radiology department at the hospital site. 
qPCR and serology assays were performed retrospectively 
at the INA- RESPOND Reference Laboratory located in 
Tangerang District Hospital. Details of blood culture, 
sputum culture, molecular and serology test techniques 
are shown in online supplemental table 1.

Pathogen identification
Causative bacterial, viral or mixed pathogen for the pneu-
monia was determined based on an algorithm (PEER- 
PePPeS rules) for interpretation of microbiological, 
molecular and serological test results published previ-
ously.12 In brief, we considered all organisms detected 
by blood culture, detected by whole blood PCR, or that 
grew from good quality IS specimen in high quantities 
with a compatible primary Gram stain as potential caus-
ative bacterial pathogens. Bacteria commonly consid-
ered contaminants were excluded. For the nasopharynx, 
potential colonising bacteria (eg, H. influenzae, S. pneu-
moniae and S. aureus) and potential innocent bystander 
viruses (eg, bocavirus, adenovirus, non- SARS human CoVs 
(hCoVs), enterovirus and rhinovirus) were determined to 
be causative based on a PCR density cut- off and/or sero-
diagnosis criteria for paired acute and convalescent sera 
(seroconversion or a two to four- fold increase in antibody 
titers in the convalescent specimen).12

Data collection and statistical analysis
Data were recorded on paper case report forms and 
entered in duplicate into OpenClinica (OpenClinica, 
Massachusetts, USA) by research staff. Categorical vari-
ables were summarised using absolute values and percent-
ages, and continuous variables as medians and IQRs. 
Differences in categorical variables were compared using 

Pearson χ2 or Fisher’s exact test when the expected values 
in any of the contingency table cells were below 5. Differ-
ences in continuous variables were compared using one- 
way analysis of variance or Kruskal- Wallis H- test for data 
which did not follow the normal distribution based on 
Levene’s test. Statistical analyses were performed using 
SPSS software V.23 (IBM). All p values were two sided. 
Level of significance was set at p<0.05.

Patient and public involvement statement
Patients or the public were not involved in study design 
or study conduct at any stage from inception to comple-
tion and dissemination of this project. Patients who met 
the eligibility criteria as described above were recruited 
to this study.

RESULTS
Study population
Of 444 children who were hospitalised with CAP, 188 
(42.3%) were eligible and enrolled in the study. Of 
256 screening failures, 31.8% were due to hospitalisa-
tion >24 hours at the time of screening and 22.1% to 
circumstances that might interfere with the study proce-
dures. Of the 188 enrolled children, 184 (97.9%) had 
radiologic evidence of pneumonia. 179 (95.1%) subjects 
completed the study, including 19 (10.1%) who died. 
Eight subjects (4.3%) were lost to follow- up, and one 
subject (0.5%) withdrew from the study. The study flow 
is shown in figure 1.

Demographic and clinical characteristics are presented 
in table 1. Age, gender, laboratory values and pneu-
monia severity by WHO classification were similar across 
the three study sites. The median age was 9 months 
(IQR 5–20), and 54.7% of subjects were male. The most 
common comorbid conditions/medical histories were 
developmental delay (27.7%), congenital heart disease 
(26.1%), low birth weight (24.4%) and severe malnutri-
tion (18.6%), with subjects from Yogyakarta site having 
the greatest proportion of those comorbidities. The 
percentage of subjects who had been vaccinated (age 
adjusted) against pneumococcus, influenza, Hib- DPT 
and measles vaccines were 2.1%, 1.1%, 55.9% and 75.0%, 
respectively.

The most common symptoms were shortness of 
breath (92.6%), cough (91.0%) and fever (80.9%). 
Signs noted during the initial examination included 
intercostal retraction (91.0%), rhonchi (89.4%) and 
chest indrawing (66.5%). Of 188 subjects, 172 (91.4%) 
and 167 (88.8%) had CRP and PCT measured with 
median values of 9.0 (IQR 3.6–28.0; Ref range ≤5) 
mg/L and 0.2 (IQR 0.1–1.7; Ref range ≤0.15) ng/
mL, respectively. Interstitial infiltrate (69.7%) was the 
most common radiographic finding. 47.3% of cases 
were classified as severe pneumonia according to the 
WHO classification system. All 188 enrolled cases were 
treated with antibiotics, and 150 of them (79.8%) had 
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Figure 1 Subject screening, enrolment and monitoring flow chart. CAP, community- acquired pneumonia; CRP, C reactive 
protein; CXR, chest X- ray; PCT, procalcitonin; RR, respiratory rate.
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received 1–2 doses of antibiotics prior to collection of 
blood culture in the emergency unit, with the combi-
nation of ampicillin and gentamicin (34.6%), cefo-
taxime (17.0%) and ceftriaxone (14.4%) being the 
three most frequent regimens used. Details of anti-
biotic regimens administered before blood culture, 
including dosage and given frequency, are presented 
in online supplemental table 2.

Detection of pathogens
Blood and sputum cultures were performed on specimens 
from 184 (97.9%) and 183 (97.3%) subjects, respectively. A 
total of 150 (79.8%) children received antibiotics prior to 
collection of blood for culture. Seventy- five (41.0%) sputum 
culture isolates were analysed from specimens meeting the 
required quality criteria. An NP or OP swab was obtained 
from 187 (99.5%) subjects, IS for PCR from 176 (93.6%), 
whole blood for PCR from 163 (86.7%) and paired acute- 
convalescent serum specimens for serology from 116 (61.7%) 
(figure 1).

The PEER- PePPeS algorithm was used to determine 
the causative pathogen(s) from those identified by 
culture, molecular and serological assay. Among the 
188 study participants, 48 (25.5%) had bacterial infec-
tion, 31 (16.5%) had viral infection, 76 (40.4%) were 
of mixed bacterial and viral aetiology, and 33 (17.6%) 

were of unknown aetiology (figure 2A). Mixed infec-
tion, the most common overall aetiology, was seen in 
38.7% of 2–11 months and in 42.7% of 12–59 months 
(figure 2B). Mixed infection was also the predominant 
aetiology across all study sites (online supplementary file 
2). H. influenzae non- type B (N=73, 38.8%), RSV (N=51, 
27.1%), K. pneumoniae (N=43, 22.9%), S. pneumoniae 
(N=29, 15.4%), influenza virus (N=25, 13.3%), S. aureus 
(N=20, 10.6%), PIV (N=17, 9.0%), hMPV (N=11, 5.8%), 
Rhinovirus (N=10, 5.3%) and B. pertussis (N=7, 3.7%) 
were the top ten pathogens identified, more commonly 
appearing in mixed infection as opposed to as a sole 
pathogen (figure 2C). Influenza virus was significantly 
higher in the age group 12–59 months vs 2–11 months 
(N=16, 64%, p=0.027), while S. aureus was significantly 
more common in 2–11 months vs 12–59 months (N=16, 
80%, p=0.024). Though not statistically significant, other 
pathogens trended toward more frequent detection 
in age group 2–11 mo (except B. pertussis) (figure 2D). 
Among 76 mixed infection cases, RSV +H. influenzae non- 
type B was the most common coinfection (N=22, 28.9%), 
followed by RSV +S. pneumoniae (N=10, 13.2%), influenza 
virus +H. influenzae non- type B (N=10, 13.2%), RSV +K. 
pneumoniae (N=9, 11.8%) and PIV+H. influenzae non- type 
B (N=9, 11.8%) (data not shown).

Figure 2 Pathogen distribution. (A) Overall proportion of identified viral/bacterial/mixed pathogen, (B) Viral/bacterial/mixed 
pathogens by age group, (C) pattern of detection of the ten most identified pathogens, (D) distribution of 10 most identified 
pathogens by age group. *P<0.05. hMPV, human metapneumovirus; RSV, respiratory syncytial virus.
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We observed no difference in pathogen distribution by 
pneumonia severity based on WHO classification system 
(online supplemental table 3 and online supplemental 
fig 3). By pathogen, there was no significant difference 
in distribution between pneumonia severity status or 
mortality, except for S. pneumoniae which was found in 
significantly more severe cases using the WHO system 
(p=0.033) (online supplemental table 3).

A comparison of positivity rates for each causative 
pathogen by detection method is shown in table 2. 
Overall, PCR captured more bacterial pathogens than 
culture and more viral pathogens than acute- convalescent 
paired serology. Paired serology was generally helpful in 
identifying atypical bacteria, such as C. pneumoniae and L. 
pneumophila and upper respiratory tract viruses, such as 
Rhinovirus and Enterovirus. When comparing blood and 
IS culture, IS yielded more positive bacterial pathogen 
results. Similarly, IS PCR captured more pathogens than 
NP/OP PCR.

Mortality
Nineteen (10.1%) of the 188 subjects died during the 
30- day study period. Seven (36.8%) of these 19 were 
male, and most (N=17, 89.5%) were less than 1 year old. 
Among the 19 deceased subjects, median study dura-
tion was 12 (IQR 4–17.5) days; 8 (42.1%) were admitted 
to ICU and 6 (31.6%) received mechanical ventilation. 
Twelve (63.2%) died due to respiratory failure, three 
(15.8%) due to sepsis and three (15.8%) for unknown 
reasons after discharge (data not shown). Most deaths 
occurred in the 2–11 mo age group compared with the 
12–59 mo age group (78.9% vs 21.1%, p=0.036). Caus-
ative pathogens for deceased subjects were bacterial- only 
in seven (36.8%), viral- only in two (10.5%), mixed in five 
(26.3%) and unknown in five subjects (26.3%). There 
were no significant differences in pathogen distribution 
between subjects that survived and died. H. influenzae 
non- type B was the most common pathogen identified 
in deceased subjects (N=8, with the case fatality rate 
(CFR) in this study of 11.0%), followed by K. pneumo-
niae (N=6, CFR of 13.9%), influenza virus (N=3, CFR of 
12.0%), B. pertussis (N=2, CFR of 28.6%) and RSV (N=2, 
CFR of 3.9%) (online supplemental table 3). Pre- existing 
conditions among deceased subjects included congenital 
heart disease (N=10, 52.6%), severe malnutrition (N=7, 
36.8%) and developmental delay (N=7, 36.8%). A clin-
ical summary of the fatal cases is shown in online supple-
mental table 4.

Seasonality
During the 27- month study period, infections caused by 
RSV and influenza were seen year- round with peak activity 
occurring during the wet season (November to March) in 
Indonesia (66.7%, p<0.001; and 64.0%, p=0.012, respec-
tively). However, there was little variation in detection 
of the most common respiratory bacterial infections by 
month and season. H. influenzae non- type B shows peaks 
in August (N=12, 16.4%) and March (N=11, 15.1%), 

while K. pneumoniae and S. pneumoniae fluctuate at lower 
levels throughout the year (figure 3).

DISCUSSION
PEER- PePPeS, a prospective multisite study, character-
ised the current epidemiology of CAP in children 2–59 
months in Indonesia. No recent prospective Indonesian 
studies address this topic. Our study found: (1) mixed 
bacterial and viral infection is the most frequent (N=76, 
40.4%) cause of childhood CAP, irrespective of age group 
and pneumonia severity; (2) bacterial infections were 
common (66% of cases) with H. influenzae non- b type, K. 
pneumoniae and S. pneumoniae as the three most common 
bacterial aetiologies; (3) viral pathogens were also 
common (57% of PEER- PePPeS subjects), with 16.5% of 
cases attributed to virus only and RSV and Influenza Virus 
being the most common viruses identified and (4) PCR 
on IS specimens was the most sensitive assay for pathogen 
identification.

While our findings are consistent with other studies, 
clinical significance of mixed infection remains controver-
sial. It is unclear if both agents act as true pathogens.22 26 
PEER- PePPeS did not demonstrate a correlation of mixed 
infection with pneumonia severity and 30- day mortality. 
Many deaths occurred at a younger age (<1 year old) and 
with comorbidities, such as congenital heart disease and 
severe malnutrition, similar to previous reports.27 28 Such 
factors should be considered in prevention and manage-
ment of childhood pneumonia to reduce mortality rate.

In recent years, there has been an increased focus on 
the role of respiratory viruses in childhood pneumonia, 
partly attributable to use of conjugate pneumococcal and 
Hib vaccines and increased detection by PCR.21 22 29 30 In 
PEER- PePPeS, viruses were found in 57% of subjects (virus 
only +mixed infection), with 16.5% of cases attributed to 
virus only. Thus, many patients probably received unnec-
essary antibiotics when covered empirically per current 
Indonesian guidelines. Improving ability to discriminate 
between viral and bacterial infections would facilitate 
optimisation of antibiotic administration and counter 
antimicrobial resistance.31

RSV and influenza virus were the most commonly 
detected viruses in this study and may be associated with 
Indonesia’s wet/rainy season.32–34 A high prevalence of 
RSV was also observed in the GABRIEL and PERCH inter-
national case–control studies of childhood pneumonia 
aetiology.22 30 In terms of mixed infections, we found that 
RSV +H. influenzae non- type B and RSV +S. pneumoniae 
were most common. Since respiratory viruses such as RSV 
can predispose to secondary bacterial infections, partic-
ularly S. pneumoniae and H. influenzae,35 and conversely 
bacteria can increase RSV susceptibility,35 36 these coinfec-
tions highlight the need for optimising RSV surveillance, 
prevention and treatment.

Though influenza virus also increases risk for secondary 
bacterial infections and is a major cause of childhood 
morbidity and mortality worldwide, data from developing 
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countries is scarce.37 In a previous Indonesian study of 
hospitalised patients with a SARI, the prevalence of the 
influenza virus was 10.6% in children under 5 years old, 
and was never diagnosed during hospitalisation.38 PEER- 
PePPeS confirms the need for improved diagnostic strate-
gies, management optimisation and influenza vaccination 
in children. Of note, our study was conducted before 
identification of COVID- 19 in Indonesia,39 so did not 
address the role of COVID- 19 in childhood pneumonia.

We also found that 66% of cases were caused by bacte-
rial infection (bacteria only +mixed infection). Overall, 
H. influenzae non- type B was the most common bacteria 
implicated, followed by K. pneumoniae and S. pneumoniae. 
H. influenzae non- type B predominance was also observed 
in a Malaysian study, where 90% of enrolled children were 
vaccinated against Hib as part of the national immunisa-
tion programme.24 With Indonesia’s moderate (56.4%) 
Hib vaccine coverage, high incidence of H. influenzae 
non- type B may represent its true prevalence or strains 
not covered by Hib vaccine.40 This finding agrees with 
current data that non- typeable H. influenzae (NTHi) can 
cause significant illness, and argues for strengthening 
paediatric diagnostic laboratory capacity.

Our identification of K. pneumoniae as the second 
most common bacterial aetiology is consistent with high 
carriage rates (~7%) in healthy Indonesian children. 
Carriage has been related to poor food and water sani-
tation and may give rise to pneumonia, especially in chil-
dren with malnutrition.41 Given K. pneumoniae’s potential 
for antibiotic resistance and high virulence of some 
strains, proactive detection and management strategies 
should be prioritised.42

The relatively low prevalence (15.4%) of S. pneumoniae 
in PEER- PePPes was surprising since carriage rates are 
high and PCV coverage low in Indonesia.43 Low preva-
lence has also been reported from Malaysia, where PCV 
coverage is 8.7%24 and in the PERCH study, reflecting 
temporal shifts in childhood pneumonia aetiologies.22 
As only 4.8% of PEER- PePPeS subjects had received PCV, 
vaccination alone cannot account for the low S. pneumo-
niae prevalence. Antibiotic exposure prior to specimen 
collection may have reduced colonisation density and 
lowered the yield of S. pneumoniae by both culture and 
PCR.44 Moreover, our panel did not include S. pneumoniae 
paired serology, which may be useful to increase pneu-
mococcal diagnosis in young children.45 Nonetheless, S. 
pneumoniae remains an important aetiological agent of 
severe/complicated CAP globally.46 Our finding that S. 
pneumoniae was significantly associated with severe cases 
by the WHO classification system supports the need for 
ongoing surveillance, vaccination and prevention of 
transmission between adults and children.

Inclusion of several pathogen identification strategies 
in PEER- PePPes demonstrates the differential utility of 
assays and specimen types. Our findings highlight the 
value of molecular assays, especially in culture- negative 
cases where microorganisms may be nonrecoverable in 
culture due to prior antibiotics or presence of otherwise P
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difficult to culture bacteria.47 48 PCR is also less labo-
rious and can identify genes associated with antibiotic 
resistance, though conventional culture methods are 
required to confirm phenotypic resistance.49 50 Even 
with the limited PCR panels used in our study, molecular 
assays had greater sensitivity for identification of bacterial 
pathogens than blood or sputum culture.

Although sensitive for detection, PCR does not provide 
information regarding infectiousness or viability. Genome 
fragments from dead organisms may be detected, often at 
a low level, even after clinical resolution.48 Furthermore, 
negative results may occur due to differential viral kinetics 
along the respiratory tract. Lower respiratory tract spec-
imens, such as IS, should be sought as they originate 
from the site of infection.12 13 Accordingly, we observed 
a higher yield from PCR on IS than NP specimens. We 
also found that the use of paired serologies increased 
the diagnostic yield and was useful for pathogen confir-
mation, particularly in the setting of innocent bystander 
viruses and atypical bacteria.12

PEER- PePPeS used a comprehensive approach for 
pathogen detection to increase diagnostic yield. It also 
enrolled patients over a 27- month study period, facili-
tating assessment of seasonality. However, our study has 
several limitations. First, the relatively small sample size, 
and observational design may limit generalisability and 
causal inference. Second, most subjects (79.8%) received 
antibiotics before specimen collection in accordance 
with national guidelines. To address this, we enrolled 
subjects within 24 hours of admission, and specimens 
were collected as soon as possible to minimise the effects 
of antibiotics on culture results. Third, we did not enrol 
healthy control children, limiting the ability to esti-
mate the adjusted population attributable fraction of 
each pathogen.29 30 A healthy control group could have 
revealed baseline carriage rates, minimising overattri-
bution of disease to non- pathogenic organisms.21 22 29 30 
Fourth, we did not collect lung aspirates or pleural fluid 
specimens, which are superior for determination of pneu-
monia aetiology.15 Fifth, several subjects had pneumonia 

of unknown aetiology; this may have been due to admin-
istration of antibiotics before culture which could reduce 
sensitivity, poor IS quality, the limited panel of bacterial 
and viral pathogens tested, lack of fungal testing, or 
currently unrecognised causes of paediatric pneumonia.

In conclusion, the epidemiology of childhood CAP 
is constantly evolving in step with social and environ-
mental factors and thus, should be regularly assessed. 
Our study found that H. influenzae non- type B and RSV 
were the most common pathogens causing hospitalised 
CAP among Indonesian children aged 2–59 months old, 
reflecting temporally dynamic aetiologies of childhood 
CAP; studies from the 1970s–1990s mainly detected S. 
pneumoniae and H. influenzae type B as the most important 
causes of childhood pneumonia in LMICs.3–5 PCR on IS 
demonstrated the best sensitivity for pathogen identifica-
tion. We recommend incorporating molecular assays for 
pathogen detection, preferably multiplexed point- of- care 
assays, into practice guidelines. Improvements in Indone-
sia’s lab infrastructure during the COVID- 19 pandemic 
can be leveraged to facilitate use of molecular assays for 
evaluation of childhood CAP. Optimisation of pathogen 
detection to understand changing childhood CAP epide-
miology will also inform public policy on prevention and 
management.
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