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Background: Pneumonia remains the leading cause of death among chil-
dren <5 years of age beyond the neonatal period in Thailand. Using data 
from the Pneumonia Etiology Research for Child Health (PERCH) Study, 
we provide a detailed description of pneumonia cases and etiology in Thai-
land to inform local treatment and prevention strategies in this age group.
Methods: PERCH, a multi-country case–control study, evaluated the etiology 
of hospitalized cases of severe and very severe pneumonia among children 
1–59 months of age. The Thailand site enrolled children for 24 consecutive 
months during January 2012–February 2014 with staggered start dates in 2 
provinces. Cases were children hospitalized with pre-2013 WHO-defined 
severe or very severe pneumonia. Community controls were randomly selected 

from health services registries in each province. Analyses were restricted to 
HIV-negative cases and controls. We calculated adjusted odds ratios (ORs) and 
95% CIs comparing organism prevalence detected by nasopharyngeal/oro-
pharyngeal (NP/OP) polymerase chain reaction between cases and controls. 
The PERCH Integrated Analysis (PIA) used Bayesian latent variable analysis 
to estimate pathogen-specific etiologic fractions and 95% credible intervals.
Results: Over 96% of both cases (n = 223) and controls (n = 659) had at least 
1 organism detected; multiple organisms were detected in 86% of cases and 
88% of controls. Among 98 chest Radiograph positive (CXR+) cases, respira-
tory syncytial virus (RSV) had the highest NP/OP prevalence (22.9%) and 
the strongest association with case status (OR 20.5; 95% CI: 10.2, 41.3) and 
accounted for 34.6% of the total etiologic fraction. Tuberculosis (TB) accounted 
for 10% (95% CrI: 1.6–26%) of the etiologic fraction among CXR+ cases.
Discussion: More than one-third of hospitalized cases of severe and very 
severe CXR+ pneumonia among children 1–59 months of age in Thailand 
were attributable to RSV. TB accounted for 10% of cases, supporting evalu-
ation for TB among children hospitalized with pneumonia in high-burden 
settings. Similarities in pneumonia etiology in Thailand and other PERCH 
sites suggest that global control strategies based on PERCH study findings 
are relevant to Thailand and similar settings.
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Pneumonia remains the leading cause of death among children <5 
years of age beyond the neonatal period,1–3 accounting for 15.3% 

of deaths globally and 9.0% in Thailand in 2012.4 Our understand-
ing of childhood pneumonia etiology in the developing world largely 
comes from research studies in the 1970s through the 1990s.5,6 To 
estimate pneumonia burden and etiology, the Thailand Ministry of 
Public Health (MoPH) and United States Centers for Disease Con-
trol and Prevention conducted surveillance for acute lower respira-
tory tract infection (ALRI) among hospitalized cases in 2 provinces 
in Thailand from 2003 to 2014.7 From this surveillance among child-
hood ALRI cases, we estimated the prevalence of pathogens such as 
influenza (8.2%8) and respiratory syncytial virus (RSV) (19.5%9,10). 
However, these reports were based on single tests like blood culture or 
polymerase chain reaction (PCR) on upper airway specimens which 
may lack sensitivity and specificity for bacteria. Analyses of data from 
this surveillance system did not take into account assay sensitivity 
and specificity or integrate the results from multiple tests in individual 
cases.11 This classical analytic approach required assignment of etiol-
ogy based on expert opinion when multiple tests were positive and 
precluded development of a probability-based etiology distribution, 
either at individual or population level. This surveillance system also 

Accepted for publication May 8, 2020.
From the *Division of Global Health Protection, Thailand Ministry of Public 

Health–US Centers for Disease Control and Prevention Collaboration, Non-
thaburi, Thailand; †Department of International Health, International Vac-
cine Access Center, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, Maryland; ‡Nongbualamphu Hospital, Nongbualamphu; 
§Sakaeo Crown Prince Hospital, Sakaeo, Thailand; ¶National Institute of 
Health, Ministry of Public Health, Nonthaburi, Thailand; ║Department of 
Pathology, University of Otago, Christchurch, New Zealand; Microbiology 
Unit, Canterbury Health Laboratories, Christchurch, New Zealand; **Divi-
sion of Global HIV and TB, Center for Global Health, Centers for Disease 
Control and Prevention, Atlanta, GA; ††Division of Global Health Protec-
tion, Centers for Disease Control and Prevention, Atlanta, GA; ‡‡Depart-
ment of Disease Control, Ministry of Public Health, Nonthaburi, Thailand.

PERCH was supported by grant 48968 from The Bill & Melinda Gates Foun-
dation to the International Vaccine Access Center, Department of Interna-
tional Health, Johns Hopkins Bloomberg School of Public Health. M.D.K. 
has received funding for consultancies from Merck, Pfizer, Novartis, and 
grant funding from Merck. M.M.H. has received grant funding from Pfizer. 
L.L.H. has received grant funding from GlaxoSmithKline, Pfizer and Merck. 
K.L.O. has received grant funding from GlaxoSmithKline and Pfizer and 
participates on technical advisory boards for Merck, Sanofi-Pasteur, PATH, 
Affinivax and ClearPath.

The findings and conclusions in this report are those of the authors and do not 
necessarily represent the official position of the Centers for Disease Control 
and Prevention, the U.S. Department of Health and Human Services, or the 
U.S. government.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (www.pidj.com).

Address for correspondence: Charatdao Bunthi, MD, Division of Global Health 
Protection, Thailand Ministry of Public Health–US Centers for Disease Con-
trol and Prevention Collaboration, Tivanond Road, Nonthaburi, 11000, Thai-
land. E-mail: uwz4@cdc.gov.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.2020 
This is an open-access article distributed under the terms of the Creative 
Commons Attribution License 4.0 (CCBY), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is 
properly cited. The work cannot be changed in any way or used commercially 
without permission from the journal.

PERCH Site Results

ISSN: 0891-3668/21/4009-0S91
DOI: 10.1097/INF.0000000000002768

Etiology and Clinical Characteristics of Severe Pneumonia 
Among Young Children in Thailand

Pneumonia Etiology Research for Child Health (PERCH) Case–Control Study 
Findings, 2012–2013

Charatdao Bunthi, MD,* Julia Rhodes, PhD,* Somsak Thamthitiwat, MD,* Melissa M. Higdon, MPH,†  
Somchai Chuananon, MD,‡ Tussanee Amorninthapichet, MD,§ Wantana Paveenkittiporn, PhD,¶  

Malinee Chittaganpitch, MSc,¶ Pongpun Sawatwong, PhD,* Laura L. Hammitt, MD,† Daniel R. Feikin, MD,† 
David R. Murdoch, MD,║ Maria Deloria-Knoll, PhD,† Katherine L. O’Brien, MD,† Christine Prosperi, ScM,† 

Susan A. Maloney, MD,** Henry C. Baggett, MD,†† and Pasakorn Akarasewi, MD‡‡

XXX

www.pidj.com
mailto:uwz4@cdc.gov
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Bunthi et al	 The Pediatric Infectious Disease Journal  •  Volume 40, Number 9S, September 2021

S92  |  www.pidj.com� © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

did not apply World Health Organization (WHO) case definitions for 
childhood pneumonia limiting comparisons to other childhood pneu-
monia studies. The Pneumonia Etiology Research for Child Health 
(PERCH) Study offered an important opportunity to address these 
limitations and deepen our understanding of severe childhood pneu-
monia in Thailand and the region by employing highly standardized 
clinical and laboratory methods12 and novel analytic approaches.

The PERCH Study was a multisite, case–control study of 
hospitalized children 1–59 months of age with severe and very 
severe pneumonia conducted at 9 sites in 7 countries, including 2 
sites in Thailand.13–15 PERCH sought to advance our understanding 
of childhood pneumonia etiology in the context of economic devel-
opment, improvements in health status, and pneumonia-specific 
interventions16; therefore, it included sites that would collectively 
be representative of the future epidemiologic environments. The 
Thailand site represents a setting expected to become more com-
mon as more countries advance in their development. Our study is a 
Thailand-specific analysis that provides a more detailed description 
of the pneumonia cases and etiology beyond the overall PERCH 
study findings15 that informs and has implications for local treat-
ment and prevention strategies.

METHODS

Setting
Thailand is an upper middle-income country with higher 

gross national income per capita17 than most other PERCH sites,13 
although incomes in the study provinces are lower than incomes 
of Thailand overall; 2012 GDPs were approximately US $2000 in 
study provinces compared with >US $14,000 in Bangkok.18 Thai-
land’s health status indicators were better than other PERCH sites, 
including lower under 5 mortality (13.90/1000 live births)19 and 
lower HIV incidence [0.16 (0.15–0.18) per 1000 population all ages 
in 201220], achieved in part through a successful program for preven-
tion of mother-to-child HIV transmission, which has virtually elimi-
nated HIV among infants.21 Primary health care services, including 
vaccination, are free for all Thais.22 Thailand’s National Vaccination 
Program did not include pneumococcal conjugate vaccine (PCV) or 
Haemophilus influenzae type b (Hib) conjugate vaccine during the 
study period. In 2010, Thailand’s Advisory Committee on Immu-
nization Practice expanded its influenza vaccination recommenda-
tions to include children 6-months-old to 2-years-old23 and those 
with chronic illness, although vaccine uptake in young children has 
been limited.24 PERCH enrollment in Thailand was conducted from 
2012 to 2014 at Sa Kaeo Crown Prince Hospital (382 beds) and 
Nakhon Phanom Hospital (356 beds), each serving as a referral hos-
pital for its province. Sa Kaeo and Nakhon Phanom border Cambo-
dia and Lao PDR, respectively, have approximately 40,000 children 
<5-years-old each and consist of largely rural populations.

Selection of Participants
We defined cases as children 1–59 months of age hospitalized 

with pre-2013 WHO defined severe or very severe pneumonia.25,26 
Severe pneumonia was defined as having cough or difficulty breath-
ing and lower chest wall indrawing; very severe pneumonia was 
defined as cough or difficulty breathing and at least one of the fol-
lowing: central cyanosis, difficulty breastfeeding/drinking, vomiting 
everything, convulsions, lethargy, unconsciousness or head nodding. 
Cases were excluded for hospitalization within the previous 14 days, 
having been discharged as a PERCH case within the past 30 days, not 
residing in the study catchment area or resolution of lower chest wall 
indrawing following bronchodilator therapy for those with wheeze. 
PERCH research nurses trained on standardized clinical assess-
ments27 performed case screening 24 hours per day/7 days per week. 

Each site enrolled for 24 consecutive months: January 2012–Decem-
ber 2013 (Nakhon Phanom), March 2012–February 2014 (Sa Kaeo).

Community controls were randomly selected from compre-
hensive lists of children 1–59 months of age drawn from health ser-
vices registries, which include virtually all children in each prov-
ince. Controls were enrolled year-round and frequency matched 
to the age-group distribution of the cases on a monthly basis. We 
enrolled controls regardless of respiratory symptoms but excluded 
children with severe or very severe pneumonia; we chose not to 
exclude children with respiratory symptoms to have controls that 
are most representative of the general population and the least sub-
ject to selection bias.28 We aimed to enroll 38 controls monthly (25 
in Nakhon Phanom and 13 in Sa Kaeo) to ensure at least a 1.5:1 
control:case ratio based on projected case enrollment.

Clinical Procedures
PERCH study staff at all sites underwent a standardized train-

ing in the clinical assessment of the child with cough or difficulty 
breathing, techniques for collection of NP/OP swabs and anthropom-
etry.27 Cases underwent a standardized clinical examination at admis-
sion and at 24 and at 48 hours. Controls were similarly assessed at 
enrollment. Malnutrition was defined as WHO weight-for-age Z 
score < −3 (severe) and ≥ −3 to < −2 (moderate).29 For cases, a fol-
low-up visit or phone interview was conducted 30 days postadmis-
sion (within a window of 21–90 days) to determine vital status.

Chest Radiographs (CXRs) were obtained from cases at 
enrollment and interpreted by 2 members of a panel of radiologists 
and pediatricians trained in the WHO method30,31 and blinded to site 
and clinical factors. CXRs were classified as consolidation, other 
infiltrate, both, normal or uninterpretable; children with consolida-
tion, other infiltrate or both were defined as having CXR+ pneumonia.

Sample Collection and Laboratory Testing
Specimen collection procedures, laboratory testing methods 

and determination of pathogen-specific density thresholds have 
been described separately.32–37 In brief, blood and nasopharyngeal/
oropharyngeal (NP/OP) specimens were collected from cases and 
controls. A 33-pathogen multiplex quantitative PCR (FTD Resp-
33, Fast Track Diagnostics, Sliema, Malta) and cultures were used 
to test NP/OP swabs (of cases and controls; cultures were done for 
Streptococcus pneumoniae alone). Blood samples were tested for 
S. pneumoniae by PCR for cases and controls and cultures were 
performed for cases only. All cases were tested for HIV by serum 
antibody assay, followed by PCR testing for antibody-positive cases 
<18 months of age. Due to the low prevalence of HIV in Thailand, 
controls were not tested for HIV. A single-induced sputum speci-
men was obtained from each case for Mycobacterium tuberculosis 
(MTB) culture.12 Antibiotic use before specimen collection was 
determined by serum antibiotic activity,38 by documented adminis-
tration at study hospital or elsewhere, and by parental report.

In general, pathogen positivity was determined according to 
the presence or absence of the pathogen, but for 4 pathogens with 
similar prevalence in cases and controls, positivity was defined 
using quantitative PCR density thresholds; these included S. pneu-
moniae (≥2.2 log

10
 copies/mL) from whole blood34,35,37 and S. pneu-

moniae (≥6.9 log
10

 copies/mL),35,37 H. influenzae (≥5.9 log
10

 copies/
mL),34 cytomegalovirus (CMV, ≥4.9 log

10
 copies/mL), Pneumocys-

tis jirovecii (≥4 log
10

 copies/mL)34 from NP/OP and (CMV thresh-
old analysis available from authors).34,35,37

Statistical Analysis
We used logistic regression to calculate age-adjusted odds 

ratios (ORs) and 95% CIs comparing demographic and environmen-
tal characteristics as well as the prevalence of organisms detected by 
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NP/OP PCR between cases and controls. ORs for the NP/OP preva-
lence of individual pathogens were also adjusted for the presence of 
the other pathogens detected (ie, to compare persons who are other-
wise similar with respect to the other measured pathogens) because 
pathogens can be associated with each other and the presence of one 
can be influenced by the presence/absence of another.

We also present results from the PERCH Integrated Analysis 
(PIA), the methods of which are described in detail elsewhere.39 In 
brief, the PIA uses Bayesian latent variable analysis to estimate the 
etiologic distribution of pneumonia and the etiologic probability 
distribution of each individual case. The PIA integrates the results 
of blood cultures, pneumococcal whole blood PCR, TB tests and 
NP/OP PCR, while accounting for the specimen- and test-specific 
sensitivities and specificities and for the reduced sensitivity due 
to prior antibiotic use.40,41 In the PERCH study, the specificity of 
blood cultures and TB were assumed to be 100% and their sensitiv-
ity estimates were specified as a range. The sensitivity of TB was 
assumed to be 10%–30% and the sensitivity for blood culture for all 
other bacteria ranged from 5% to 50% (see reference 15, Appendix 
Section III.B.6). The specificity of NP/OP PCR was estimated in 
the PIA model using the control prevalence; the sensitivity prior 
specified for all NP/OP PCR pathogens was the range 50%–90%, 
except for Salmonella species and Legionella species, which were 
0.5%–90%. The sensitivity of whole-blood pneumococcal PCR 
was assumed to be 12%–65%.

For every case, each pneumonia pathogen was assigned a 
probability for being the cause of the severe/very severe pneumonia 
episode with all probabilities adding to 1. The population-level esti-
mate for each pathogen is the average of the individual case probabili-
ties and has a 95% credible interval (95% CrI), the Bayesian analogue 
of the CI. The PIA assumes that a pneumonia event is caused by a 
single pathogen. For cases with multiple pathogens detected in sil-
ver standard measurements (blood cultures, lung aspirates or pleural 
fluid), the model cannot distinguish which one is the dominant cause 

and distributes the etiology probability equally across the pathogens 
detected. For cases who are negative by silver standard measurements, 
the cause is distributed across multiple pathogens according to the 
strength of evidence for each pathogen from other measurements 
(whether the pathogen was detected in multiple samples from the indi-
vidual, the pathogen’s prevalence among cases, the pathogen’s OR and 
a priori assumptions regarding sensitivity and etiology).

Analyses were performed using SAS 9.4 (SAS Institute, 
Cary, NC), R Statistical Software (The R Development Core Team, 
Vienna, Austria) and BAKER for the PIA analysis.39

Ethical Considerations
Parents or legal guardians of participants provided writ-

ten informed consent in Thai. The study was approved by (1) the 
Thailand Ministry of Public Health Ethical Review Committee, (2) 
the Institutional Review Board of the Johns Hopkins Bloomberg 
School of Public Health and (3) an Institutional Review Board of 
the US Centers for Disease Control and Prevention (Protocol 6076).

RESULTS

Case and Control Enrollment
We screened 14,551 children <5 years of age with cough or dif-

ficulty breathing (Fig. 1). Of 248 eligible patients, 23 (9.3%) refused 
enrollment, 1 died before consent could be obtained and 224 (90.3%) 
were enrolled. Among 224 enrolled cases, 147 were from Nakhon 
Phanom and 77 from Sa Kaeo. One case was HIV-positive; subse-
quent analyses were limited to HIV-negative cases. Of 1185 randomly 
selected potential controls, 738 (62.3%) were screened; of these, 
98.1% were eligible, of whom 90.3% (n = 659) enrolled (Fig. 1).

Case and Control Characteristics
Among 223 HIV-negative PERCH cases, 98 (43.8%) had 

radiographically confirmed pneumonia (CXR+) (Table  1). Over 

FIGURE 1.  Case and control (1–59 months) enrollment flow—PERCH, Thailand, 2012–2013. *HIV testing was not performed 
on controls. 1Description of symbols: Lines represent the 95% credible interval for the etiologic fraction. The size of the 
symbol is scaled based on the ratio of the estimated etiologic fraction to its standard error. For two identical etiologic 
fraction estimates, the estimate with a larger symbol is more informed by the data. 2Chest radiograph positives defined as 
consolidation, other infiltrate, or both. pna, pneumonia; PERCH; Pneumonia Etiology Research for Child Health; HIV, human 
deficiency virus.
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TABLE 1.  Demographic and Clinical Characteristics of PERCH Cases and Controls—PERCH, Thailand, 2012–2013

All Cases,  
n (%)

CXR+ Casesa

n (%)
Controls

n (%)
All Cases vs.  

Controls, P Valueb
CXR+ Cases vs.  

Controls, P Valueb

All 223 98 659   
Subsite
 ��� Nakhon Phanom 146 (65.5) 58 (59.2) 438 (66.5) 0.83 0.17
 ��� Sa Kaeo 77 (34.5) 40 (40.8) 221 (33.5)
Age      
 ��� 28 days–5 months 37 (16.6) 18 (18.4) 91 (13.8) 0.77 0.58
 ��� 6–11 months 50 (22.4) 19 (19.4) 153 (23.2)
 ��� 12–23 months 69 (30.9) 30 (30.6) 217 (32.9)
 ��� 24–59 months 67 (30.0) 31 (31.6) 198 (30.0)
Sex
 ��� Male 134 (60.1) 55 (56.1) 336 (51.0) 0.02 0.34
 ��� Female 89 (39.9) 43 (43.9) 323 (49.0)
Season of enrollment
 ��� Rainy (June–October) 132 (59.2) 68 (69.4) 293 (44.5) <0.001 <0.001
 ��� Mild (November–February) 55 (24.7) 21 (21.4) 214 (32.5)
 ��� Dry (March–May) 36 (16.1) 9 (9.2) 152 (23.1)
Mother’s education
 ��� No formal education/did not complete primary school 12 (5.4) 5 (5.1) 28 (4.3) 0.91 0.42
 ��� Completed primary school 61 (27.5) 20 (20.4) 187 (28.8)
 ��� Completed lower secondary school 67 (30.2) 31 (31.6) 200 (30.8)
 ��� Completed higher secondary school and above 82 (36.9) 42 (42.9) 235 (36.2)
Monthly income (baht)
 ��� 0–2000 (0–65 USDc) 21 (9.9) 5 (5.2) 30 (4.6) 0.003 0.29
 ��� 2001–7000 (65–229 USDc) 77 (36.3) 37 (38.5) 199 (30.7)
 ��� >7000 (>229 USDc) 114 (53.8) 54 (56.3) 419 (64.7)
Median (IQR) # people living in same household 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 0.32 0.96
Median (IQR) # people sleeping in same room as child 3.0 (3.0, 4.0) 3.0 (3.0, 4.0) 3.0 (3.0, 3.0) 0.003 0.10
Median (IQR) # children <10 years in same household 2.0 (1.0, 2.0) 2.0 (1.0, 2.0) 2.0 (1.0, 2.0) 0.11 0.07
Number of DTP doses received
 ��� None 15 (6.9) 10 (10.4) 17 (2.6) 0.05 0.007
 ��� 1 16 (7.4) 5 (5.2) 40 (6.1)
 ��� 2 29 (13.4) 14 (14.6) 63 (9.6)
 ��� 3+ 157 (72.4) 67 (69.8) 535 (81.7)
DTP fully vaccinated for aged

 ��� <1 year old 59 (70.2) 23 (62.2) 215 (88.5) 0.001 0.002
 ��� ≥1 year old 122 (91.7) 54 (91.5) 405 (98.3) 0.001 0.007
Received 1+ measles doses (children >10 months only) 134 (93.7) 59 (93.7) 430 (97.3) 0.10 0.22
Influenza vaccination (current season)e 1 (0.5) 0 (0) 2 (0.5) 0.99 0.92
Malnutrition (WHO weight-for-age Z scores)
 ��� ≥ −2 Z scores 163 (73.1) 64 (65.3) 613 (93.0) <0.001 <0.001
 ��� −3 ≤ Z scores < −2 28 (12.6) 16 (16.3) 41 (6.2)
 ��� < −3 Z scores 32 (14.4) 18 (18.4) 5 (0.8)
Prior antibiotic use
 ��� Serum antibiotic activity 42 (19.0) 19 (19.4) 5 (0.9) <0.001 <0.001
 ��� Administered at study hospital before blood collectionf 28 (12.6) 14 (14.3) n/a — —
 ��� Any documented antibiotic pretreatment before blood collectiong 68 (30.5) 30 (30.6) 10 (1.6) <0.001 <0.001
 ��� Parental report of antibiotics 104 (47.1) 53 (54.6) 55 (8.4) <0.001 <0.001
 ��� Any of above 131 (58.7) 65 (66.3) 57 (9.7) <0.001 <0.001
CXR available 203 (91) 98 (100.0) n/a — —
CXR result
 ��� Consolidation only 28 (13.8) 28 (28.6) n/a — —
 ��� Other infiltrate only 56 (27.6) 56 (57.1) n/a — —
 ��� Both consolidation and other infiltrate 14 (6.9) 14 (14.3) n/a   
 ��� Normal 96 (47.3) 0 (0) n/a — —
 ��� Uninterpretable 9 (4.4) 0 (0) n/a — —
Respiratory tract illnessh (controls only) n/a n/a 254 (38.5) — —
Duration of illnessi

 ��� 0–2 days 99 (44.4) 38 (38.8) n/a — —
 ��� 3–5 days 98 (43.9) 48 (49.0) n/a — —
 ��� >5 days 26 (11.7) 12 (12.2) n/a — —
Oxygen use at admission 64 (28.7) 36 (36.7) n/a — —
Hypoxemiaj 53 (23.8) 28 (28.6) n/a — —
Tachypneak 168 (78.1) 74 (80.4) 48 (7.3) <0.001 <0.001
Tachycardial 100 (44.8) 47 (48.0) n/a — —
Very severe pneumonia 51 (22.9) 20 (20.4) n/a — —
 ��� Head nodding 8 (3.6) 3 (3.1) n/a — —
 ��� Central cyanosis 7 (3.1) 6 (6.1) n/a — —
 ��� Multiple (>1) or prolonged (≥15 minutes) convulsions 23 (10.3) 4 (4.1) n/a — —
 ��� Lethargym 9 (4.0) 5 (5.1) n/a — —
 ��� Unable to feed 8 (3.6) 4 (4.1) n/a — —
 ��� Vomiting everything 8 (3.6) 3 (3.1) n/a — —

(Continued)
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half (53.3%) of all cases were between 6- and 23-months-old. Case 
households had lower monthly income than control households  
(P = 0.003), but we found no substantial differences in house-
hold size or maternal education. Cases were less likely than con-
trols to be fully vaccinated for age for DTP (diphtheria, pertussis 
and tetanus) vaccine (P = 0.001). Only 1 of 182 cases and 2 
of 442 controls that met Thailand’s recommended criteria for 
influenza vaccination were vaccinated (P = 0.99). Only 2 cases 
and no controls received one or more doses of PCV (P = 0.98, 
not shown); 9 (4.2%) cases and 19 (2.9%) controls had received 

one or more doses of Hib vaccine (P = 0.39, not shown). Mal-
nutrition (WHO weight-for-age Z-score lower than −2), was 
more common among all cases (27.0%) compared with controls 
(7.0%, P value <0.001)

Thirty percent of cases had evidence of antibiotic treat-
ment before blood collection compared with <2% of controls  
(P < 0.001). Symptoms of respiratory tract infections (RTIs) were 
common among controls (38.5%), but only 1.5% (n = 10) met the 
WHO definition for nonsevere pneumonia (ie, cough or difficulty 

Crackles 138 (61.9) 67 (68.4) n/a — —
Audible wheeze 9 (4.0) 2 (2.0) n/a — —
Wheeze on auscultation 102 (45.7) 38 (38.8) n/a — —
Grunting 6 (2.7) 4 (4.1) n/a — —
Nasal flaring 115 (51.6) 46 (46.9) n/a — —
Elevated temperature (≥38°C) 122 (54.7) 55 (56.1) n/a — —
Leukocytosisn 119 (53.6) 48 (49.5) 183 (30.5) <0.001 <0.001
CRP ≥40 mg/L 36 (17.7) 22 (24.2) n/a —  
Prematurity (gestational age <37 weeks) 45 (20.6) 25 (26.3) 51 (8.1) 0.01 <0.001
Comorbidities, any 54 (24.2) 33 (33.7) n/a — —
 ��� Heart disease (congenital or acquired)o 20 (9.0) 15 (15.3) n/a — —
 ��� Developmental delays/congenital abnormality 19 (8.5) 12 (12.2) n/a — —
 ��� Severe malnutritionp 25 (11.2) 12 (12.2) n/a — —
 ��� Thalassemia 6 (2.7) 3 (3.1) n/a — —
 ��� Otherq 2 (0.9) 2 (2.0) n/a — —
 ��� Multiple comorbidities 17 (7.6) 11 (11.2) n/a — —
Previous pneumonia admission 79 (35.7) 38 (38.8) 36 (5.5) <0.001 <0.001
Previous diagnosis of wheeze or asthma 45 (20.3) 21 (21.4) 40 (6.1) <0.001 <0.001
Evidence of persistent severityr

 ��� Any evidence 45 (20.2) 24 (24.5) n/a — —
 ��� Danger signs at 48 hours 5 (2.5) 3 (3.2) n/a — —
 ��� Change in antibiotics at 48 hourss 23 (10.3) 11 (11.2) n/a — —
 ��� Oxygen saturation <90% at 48 hours 3 (1.3) 2 (2.0)    
 ��� Mechanical ventilation at 48 hours 19 (8.5) 12 (12.1) n/a — —
 ��� Died in hospital or within 30 days of discharge 9 (4.1) 5 (5.2) n/a — —
  ���  Died in hospital 3 (1.3) 2 (2.0) n/a — —
  ���  Died within 30 days of discharge 6 (2.8) 3 (3.1) n/a — —

aCXR+ cases: finding of consolidation, other infiltrate or both on chest radiograph.
bP values for categorical variables are type III P values calculated using logistic regression adjusting for age.
cUS dollar equivalents based on exchanges rates from January 1, 2013, the midpoint of the PERCH Study in Thailand.
dFor children <1 year, DTP fully vaccinated defined as: received at least 1 dose and up-to-date for age based on the child’s age at enrollment, doses received, and country schedule 

(allowing 4-week window each for dose). For children >1 year, defined as 3+ doses.
eReceipt of influenza vaccine for current or most recent influenza season. Denominator restricted to children eligible to receive free flu vaccination per Thailand Ministry of Public 

Health recommendations, that is, children with a comorbidity or previous diagnosis of asthma or wheeze, and children of 6–23 months of age. Children who were 6–23 months old at 
enrollment or at any time during the past 12 months were considered eligible. Influenza season is June–August in Thailand with influenza vaccination available starting in June (all 
cases, N = 182; CXR+ cases, N = 84; controls, N = 442).

fReported by clinician.
gPresence of antibiotics by serum, antibiotics at the referral hospital, clinician report of antibiotics before blood collection or antibiotics before blood collection based on time of 

blood collection and time of antibiotic administration. Only criterion applicable to controls is serum.
hRespiratory tract illness defined as (1) cough and/or runny nose or (2) at least 1 of ear discharge, wheezing or difficulty breathing in the presence of either a temperature of 

≥38°C within past 48 hours or a history of sore throat.
iDuration of illness defined as number of days of cough, fever, difficulty breathing or wheeze, whichever is longest prior to date of admission.
jOxygen saturation <92% on room air at admission or oxygen requirement (if no room air reading available).
kTachypnea: RR ≥ 60 for age <2; RR ≥ 50 for age 2–11 months; RR ≥ 40 for age 12+.
lTachycardia: 0–11 months > 160 beats per minute (BPM); 12–35 months > 150 BPM; 36–59 months > 140 BPM.
mLethargy: responds to voice, pain or unresponsive (V, P or U on AVPU scale).
nLeukocytosis defined as white blood cell count ≥15,000 per µL
oHeart disease includes any of the following noted on admission or discharge: cardiac lesions, congenital cardiac lesions, congenital heart disease, patent ductus arteriosus, val-

vular heart defect, atrial septal defect, cardiomegaly.
pWHO weight-for-height Z score < −3 SDs, or midupper arm circumference <115 mm, or presence of pedal edema on clinical assessment.
qOther comorbidities include Lennox–Gastault syndrome and megalocephaly.
rEvidence of persistent severity defined as died in hospital or within 30 days of discharge, discharged moribund, mechanical ventilation at 48 hours, change in antibiotics at 48 

hours, oxygen saturation <90% at 48 hours, or presence of a danger sign (head nodding, central cyanosis, multiple or prolonged convulsions, lethargy, inability to feed or vomiting 
everything) at 48 hours.

sChange in antibiotics between 24- and 48-hour follow up due to any of the following: not responding to initial therapy, new finding on CXR, new diagnostic test result or allergic 
reaction to medication.

IQR indicates interquartile range; PERCH, Pneumonia Etiology Research for Child Health; DTP, diphtheria–pertussis–tetanus vaccine; WHO, World Health Organization; CXR, 
chest Radiograph; CRP, c-reactive protein.

Bold indicates significance of P < 0.05.

TABLE 1.  (Continued.)

All Cases,  
n (%)

CXR+ Casesa

n (%)
Controls

n (%)
All Cases vs.  

Controls, P Valueb
CXR+ Cases vs.  

Controls, P Valueb
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breathing and tachypnea). Many (45.0%) of the RTIs among con-
trols were defined by runny nose only.

Danger signs, the defining criteria for very severe pneumo-
nia, were present in 22.9% of cases (20.4% among CXR+ cases) 
with convulsions being most common (10.3% of all cases). Of very 
severe cases, many (33.3%) did not have a CXR available; of those 
with a CXR, 35.3% (12/34) had normal findings.

CXR+ cases were not easily identifiable by other clini-
cal characteristics. Hypoxemia, fever and tachypnea were only 
slightly more common among CXR+ cases than among cases 
overall (Table  1). Prior hospital admission for pneumonia 
(35.7%) and previous asthma diagnosis (20.3%) were common 
among cases. Comorbidities were documented in 24.2% of cases 
(33.7% among CXR+ cases). Over 20% of cases were born 
before <37 weeks gestation, exceeding the 8.1% of controls born 
prematurely.

Approximately 20% of cases had evidence of persistent 
severity indicated by the need for antibiotic change, mechanical 
ventilation, oxygen saturation <90% or the presence of danger 
signs 48 hours postadmission or by death (Table 1). Of 220 cases 
with known vital status by the 30-day follow-up, 9 (4.1%) died (3 
died in hospital and 6 died within 30 days after discharge). Six of 
these 9 children had no danger signs at admission, 7 had at least 1 
comorbidity (5 had developmental delay, 3 heart disease, 2 severe 
malnutrition, and 1 thalassemia), 5 were CXR+ while 4 had a nor-
mal CXR and 5 were <6 months old (Table, Supplemental Digital 
Content 1, http://links.lww.com/INF/E23).

Pathogen Detection and Etiology Results
Five (2.2%) of the 223 HIV-uninfected cases had positive 

blood cultures (2 of 98 CXR+), 2 of which (M. catarrhalis and S. 
pyogenes) were also NP/OP PCR positive for influenza B (Table 2). 
Bacteremic cases accounted for 2 (22%) of the 9 deaths. The one 
HIV+ case, which was not included in other analyses, had nonty-
phoidal Salmonella serogroup D isolated by blood culture. Three 
cases (1.3%; all CXR-normal) and 5 controls (0.8%) had S. pneu-
moniae detected by PCR in whole blood specimens (OR 1.77; 95% 
CI: 0.42, 7.50); none of the cases were CXR+.

Two cases, from Sa Kaeo province, had MTB confirmed 
by induced sputum culture: one was a 3-year-old with no 
underlying conditions and cough for 5 days; the other was a 
4-year-old with Down syndrome, atrial septal defect, congeni-
tal hypothyroidism (on therapy) and cough for 3 days. Both 
had crepitation on chest auscultation, no danger signs, CXR+ 
and positive NP/OP specimens for another pathogen (Myco-
plasma pneumoniae, RSV) uncommonly (≤3%) found in con-
trols. Each child had a grandparent with presumptive pulmo-
nary tuberculosis.

Over 96% of both cases and controls had at least 1 patho-
gen detected by NP/OP PCR (Table  3), and multiple detections 
were common with 2 or more pathogens detected in 86% of cases 
and 88% of controls (Table, Supplemental Digital Content 2, http://
links.lww.com/INF/E24). None of the bacterial pathogens were sig-
nificantly positively (ie, OR > 1) associated with case status, while 
6 viral pathogens were: RSV, parainfluenza 1, influenza B, human 
metapneumovirus (HMPV) A/B, coronavirus OC43 and rhinovirus 
(Table 3). RSV was the only pathogen with both a high prevalence in 
cases (22.9%) and a strong association (OR 13.9; 95% CI: 7.7, 25.2). 
Parainfluenza 1 (2.2%; OR 12.5) and influenza B (1.3%; OR 9.5) had 
strong associations but low prevalence, rhinovirus had the reverse 
(19.3%; OR 2.3) and coronavirus OC43 (3.1%; OR 2.7) and HMPV 
A/B (3.6%; OR 3.7) were low for both. When restricted to the 98 
CXR+ cases, prevalence and association with case status remained 
generally similar for all pathogens, but only RSV and HMPV A/B 
remained statistically significant due to the smaller sample size.

The small sample size for CXR+ cases (n = 98), the small 
number of positive blood cultures among them (n = 2) and the large 
proportion of children pretreated with antibiotics limit the extent to 
which the etiology of the severe/very severe pneumonia cases can 
be estimated in Thailand. Integration of the results from the various 
tests using the PIA model suggests that a large etiologic fraction of 
CXR+ cases was attributed to RSV (34.6%; 95% CrI: 22.2, 49.8), 
followed by TB (10.4%; 95% CrI: 1.6, 25.6) (Figure, Supplemental 
Digital Content 3, http://links.lww.com/INF/E25 and Table, Supple-
mental Digital Content 4, http://links.lww.com/INF/E26), but most 
cases had no clear etiology (66% had less than a 50% probability 

TABLE 2.  Cases With a Pathogen Detected by Blood Culture—PERCH, Thailand, 2012–2013a

Age 
(months)

Pneumonia 
Severity

Pathogen 
Detected By  

Blood Culture

Pathogens  
Detected By  
NP/OP PCR

CXR  
Result

Antibiotic 
Pretreatment 

Before Specimen 
Collectionb

Comorbidities/ 
Prematurity

Died in  
Hospital or  

Within 30 Days  
of Discharge

Duration of 
Hospitalization 

(days)

2 Severe Escherichia coli CMV
Haemophilus influenzae
Pneumocystis jirovecii

Not per-
formed

No Premature (36 weeks) No 7

2 Severe Pseudomonas 
aeruginosa

Moraxella catarrhalis, 
Staphylococcus aureus

Normal Yes No Yes (in hospital) 3

13 Severe M. catarrhalis CMV, H. influenzae
M. catarrhalis
Streptococcus pneumoniae
RSV

Other  
infiltrate

Yes Congenital heart  
disease, 
malnutrition

No 6

39 Very severe M. catarrhalis CMV
influenza B
M. catarrhalis
S. pneumoniae

Normal No No No 7

45 Severe Streptococcus 
pyogenes

CMV
influenza B

Consolida-
tion

Yes Down syndrome, 
cerebral palsy, 
congenital 
hypothyroidism

Yes (in hospital) 5

aThe one HIV+ case in Thailand had nontyphoidal Salmonella detected on blood culture and is not included in the table. This case had very severe pneumonia, both consolidation 
and other infiltrate detected on chest radiograph, CMV, H. influenzae and P. jirovecii detected by NPPCR, and was discharged after 29 days in hospital.

bPresence of antibiotics by serum, antibiotics at the referral hospital, clinician report of antibiotics before specimen collection or antibiotics before specimen collection based on 
time. Of specimen collection and time of antibiotic administration.

NP/OP indicates nasopharyngeal/oropharyngeal; PCR, polymerase chain reaction; CMV, cytomegalovirus; RSV, respiratory syncytial virus; HIV, human immunodeficiency virus.

http://links.lww.com/INF/E23
http://links.lww.com/INF/E24
http://links.lww.com/INF/E24
http://links.lww.com/INF/E25
http://links.lww.com/INF/E26
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attributed to a specific pathogen, data not shown). The etiologic frac-
tions attributed to influenza and parainfluenza were both small in the 
years of this study (Influenza A, B or C: 1.5%; 95% CrI: 0.01, 5.6; 
Parainfluenza 1, 2, 3 or 4: 3.0%; 95% CrI: 0.08, 9.2). The cumula-
tive estimate for etiology attributed to any virus had a wide credible 
interval (etiologic fraction 51%; 95% CrI: 34, 70), as did the cumula-
tive estimate for any non-TB bacterial pathogen (30.9%; 95% CrI: 
12.9, 50.8). The 10 focus pathogens among all PERCH sites (RSV, 
parainfluenza, HMPV, pneumococcus, rhinovirus, Mycobacterium 
tuberculosis (TB), H. influenzae, Staphylococcus aureus, influenza, 
P. jirovecii)15 accounted for 61.6% (95% CrI: 0, 80.5) of CXR+ cases 

[64.1% (95% CrI: 0, 78.5) of all cases] in Thailand (Table, Supple-
mental Digital Content 4, http://links.lww.com/INF/E26).

DISCUSSION
After screening all children 1–59 months of age presenting 

at 2 provincial hospitals in Thailand over a 2-year period and enroll-
ing >90% (n = 224) of eligible severe and very severe pneumonia 
cases, RSV accounted for the greatest fraction of disease followed 
by TB. We estimated 34.6% (95% CrI: 22.2, 49.8) of the etiologic 
contribution to pneumonia among the 98 CXR+ cases was due to 
RSV and 10.4% (95% CrI: 1.6, 25.6) was due to TB. The etiologic 

TABLE 3.  Pathogen Detection in Nasopharyngeal/Oropharyngeal Specimens Among Cases and Controls—PERCH, 
Thailand, 2012–2013

 
All Cases  
(N = 223)

CXR+ Cases  
(N = 98)

Controls  
(N = 657)

Adjusted OR (95% CI)a

All Cases vs.  
Controls

CXR+ Cases vs.  
Controls

Any pathogen 215 (96.4) 97 (99.0) 634 (96.5) 0.90 (0.34, 2.43) 2.97 (0.38, 23.56)
Median (IQR) number of organisms 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0)   
Bacteria
 ��� Any bacteria 191 (85.7) 86 (87.8) 587 (89.3)   
 ��� Streptococcus pneumonia
  ���  Any positivity 121 (54.3) 59 (60.2) 406 (61.8) 0.74 (0.51, 1.07) 0.95 (0.56, 1.63)
  ���  ≥6.9 log10 copies/mL 3 (1.3) 2 (2.0) 8 (1.2) 0.71 (0.13, 3.84) 1.19 (0.16, 9.01)
   ���   PCV13-typeb 3 (1.3) 2 (2.0) 6 (0.9) 1.15 (0.14, 9.30) 2.60 (0.22, 31.20)
   ���   Non PCV13-typeb 1 (0.4) 1 (1.0) 3 (0.5) 0.36 (0.01, 9.36) 0.22 (0.01, 9.38)
Haemophilus influenza
 ��� Non-b 74 (33.2) 29 (29.6) 262 (39.9) 0.83 (0.58, 1.20) 0.65 (0.38, 1.13)
 ��� Non-b ≥ 5.9 log10 copies/mL 20 (9.0) 7 (7.1) 70 (10.7) 1.21 (0.69, 2.13) 1.01 (0.43, 2.41)
 ��� Type b 5 (2.2) 3 (3.1) 15 (2.3) 0.80 (0.23, 2.73) 1.57 (0.35, 7.01)
 ��� Type b ≥ 5.9 log10 copies/mL 0 (0) 0 (0) 0 (0) — —
Staphylococcus aureus 27 (12.1) 14 (14.3) 107 (16.3) 0.69 (0.41, 1.15) 0.81 (0.41, 1.62)
Chlamydia pneumoniae 0 (0) 0 (0) 1 (0.2) 0.00 (0.00, >999) 0.00 (0.00, >999)
Moraxella catarrhalis 101 (45.3) 44 (44.9) 362 (55.1) 0.71 (0.50, 1.01) 0.72 (0.44, 1.19)
Mycoplasma pneumoniae 10 (4.5) 6 (6.1) 20 (3.0) 1.23 (0.51, 2.98) 1.90 (0.64, 5.66)
Salmonella species 0 (0) 0 (0) 2 (0.3) 0.00 (0.00, >999) 0.00 (0.00, >999)
Legionella 0 (0) 0 (0) 0 (0) — —
Bordetella pertussis 0 (0) 0 (0) 3 (0.5) 0.00 (0.00, >999) 0.00 (0.00, >999)
Fungi
 ��� Pneumocystis jirovecii 5 (2.2) 3 (3.1) 32 (4.9) 0.52 (0.19, 1.44) 0.73 (0.20, 2.66)
  ���  P. jirovecii ≥4 log10 copies/mL 0 (0) 0 (0) 7 (1.1) 0.00 (0.00, >999)c 0.00 (0.00, >999)c

Viruses
 ��� Any virus 190 (85.2) 88 (89.8) 540 (82.2)   
 ��� Adenovirus 31 (13.9) 13 (13.3) 140 (21.3) 0.72 (0.45, 1.15) 0.68 (0.34, 1.34)
 ��� CMV 103 (46.2) 41 (41.8) 402 (61.2) 0.57 (0.39, 0.83) 0.54 (0.32, 0.92)
  ���  CMV ≥4.9 log10 copies/mL 30 (13.5) 10 (10.2) 110 (16.7) 0.64 (0.38, 1.07) 0.35 (0.16, 0.79)
 ��� Coronavirus 43 7 (3.1) 3 (3.1) 13 (2.0) 2.71 (1.01, 7.26) 2.26 (0.57, 9.02)
 ��� Coronavirus 63 3 (1.3) 1 (1.0) 12 (1.8) 1.25 (0.33, 4.64) 0.92 (0.11, 7.53)
 ��� Coronavirus HKU 0 (0) 0 (0) 2 (0.3) 0.00 (0.00, >999) 0.00 (0.00, >999)
 ��� Coronavirus 229 0 (0) 0 (0) 2 (0.3) 0.00 (0.00, >999) 0.00 (0.00, >999)
 ��� HBOV 40 (17.9) 17 (17.3) 123 (18.7) 1.07 (0.68, 1.68) 1.21 (0.64, 2.29)
 ��� HMPV A/B 8 (3.6) 4 (4.1) 10 (1.5) 3.67 (1.35, 9.92) 4.08 (1.14, 14.56)
 ��� Influenza A 4 (1.8) 1 (1.0) 0 (0) >999 (0.00, >999)d >999 (0.00, >999)d

 ��� Influenza B 3 (1.3) 1 (1.0) 2 (0.3) 9.54 (1.51, 60.18) 7.57 (0.63, 91.10)
 ��� Influenza C 0 (0) 0 (0) 0 (0) — —
 ��� Parainfluenza 1 5 (2.2) 1 (1.0) 2 (0.3) 12.53 (2.28, 68.82) 8.34 (0.70, 98.93)
 ��� Parainfluenza 2 0 (0) 0 (0) 1 (0.2) 0.00 (0.00, >999) 0.00 (0.00, >999)
 ��� Parainfluenza 3 6 (2.7) 3 (3.1) 15 (2.3) 1.94 (0.71, 5.28) 2.48 (0.67, 9.21)
 ��� Parainfluenza 4 2 (0.9) 1 (1.0) 9 (1.4) 1.10 (0.22, 5.42) 1.21 (0.15, 10.05)
 ��� PV/EV 21 (9.4) 7 (7.1) 57 (8.7) 1.47 (0.82, 2.64) 0.94 (0.39, 2.27)
 ��� Rhinovirus 43 (19.3) 15 (15.3) 93 (14.2) 2.30 (1.48, 3.57) 1.57 (0.82, 3.01)
 ��� RSV 51 (22.9) 30 (30.6) 19 (2.9) 13.91 (7.66, 25.25) 20.48 (10.17, 41.26)
aOR adjusted for age (months). ORs for individual pathogens also adjusted for all other pathogens.
bPneumococcal serotypes were determined by PCR deduction followed by Quellung reaction if the results were mixed or ambiguous.
cFisher exact test P value is 0.201 for all cases versus controls and 0.604 for CXR+ cases versus controls.
dFisher exact test P value is 0.004 for all cases versus controls and 0.253 for CXR+ cases versus controls.
PERCH indicates Pneumonia Etiology Research for Child Health; OR, odds ratio; CXR+, chest Radiograph positive; CMV, cytomegalovirus; HBOV, human bocavirus; HMPV, 
human metapneumovirus; PV/EV, parechovirus/enterovirus; RSV, respiratory syncytial virus.
Bold indicates significance of P < 0.05.

http://links.lww.com/INF/E26
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contribution of other pathogens at the Thailand site is less clear due 
to the small number of cases, and the large 95% credible intervals 
reflect the uncertainty in the results.

RSV NP/OP positivity in community controls was rare, lend-
ing credibility that RSV detection in cases provided strong evidence 
for RSV-associated pneumonia. In a previous evaluation of hospital-
ized ALRI cases in these same provinces, 20% had RSV detected 
in the NP (25% of CXR+ cases),11 similar to the 23% in PERCH 
severe and very severe pneumonia cases (31% in CXR+ cases). RSV 
remains a leading cause of ALRI hospitalizations in Thailand, includ-
ing clinically severe cases. The dominance of RSV was consistent 
across all PERCH sites in both Africa and Asia, providing compel-
ling evidence for the importance of RSV across regions with varying 
access to care, overall disease burden and socioeconomic status.15

We estimated that TB accounted for 10% (95% CI: 1.6, 26) 
of CXR+ severe and very severe pneumonia cases among children 
<5 years old in Thailand. This is higher than the observed 2% (n = 
2) that tested positive by induced sputum culture, because the inte-
grated analysis accounts for imperfect sensitivity of TB testing, by 
assuming 3.3–10 additional TB cases for every case of TB detected. 
The etiologic fraction of cases attributed to TB in other PERCH 
sites ranged from 1.8% (Kenya) to 14% (South Africa).15 In rou-
tine care conditions, it is very unlikely that the 2 TB-positive cases 
would have been identified because the systematic collection of 
induced sputum and TB culture are not routinely done. Underdiag-
nosis of TB among adults has been demonstrated previously in this 
population,42 and given the substantial difficulties with TB diag-
nosis among young children,43 we presume even more so among 
children. In the cases with TB isolated, we cannot confirm whether 
TB was the cause of the acute pneumonia event, or an underlying 
infection predisposing to disease caused by another pathogen, since 
the cases were also NP/OP-positive for M. pneumoniae or RSV. 
Regardless of the role of TB in acute pneumonia, our findings sup-
port evaluation for TB among children hospitalized with respira-
tory illness in high-burden TB settings like Thailand.44,45

Rhinovirus had a low (4.5%; 95% CrI: <0.01–15.7) etiologic 
fraction estimate among CXR+ cases, but it was higher (16%; 95% 
CrI: 7.7–26) among all PERCH cases in these Thai sites, though 
credible intervals are overlapping. Detection of rhinovirus in the NP/
OP in children <5 years in PERCH (all cases: 19%; CXR+ cases: 
15%) was similar to that in our prior work in this population where 
rhinovirus was detected in 18%–29% of children hospitalized with 
ALRI but also commonly detected among controls (12%–14%).10,11 
Findings from PERCH and from previous studies indicate that rhi-
novirus may have a role in hospitalized respiratory illness in young 
Thai children but a less prominent role in radiographically con-
firmed pneumonia.11 The PERCH case–control study design limits 
our ability to elucidate fully the potential causal role for rhinovirus.

The NP/OP prevalence of parainfluenza and HMPV among 
cases in Thailand was lower than in most other PERCH sites (lower 
than all other sites for CXR+ cases). Previous work in this popula-
tion found a slightly higher prevalence of parainfluenza virus among 
ALRI cases <5 years of age than we found in PERCH (serotypes 
1–3: 9.1% vs. 5%) and similar prevalence of HMPV. Lower preva-
lence of both pathogens among outpatient controls in the previous 
work resulted in higher ORs compared with PERCH results.11,46 The 
higher parainfluenza and HMPV prevalence among PERCH controls 
may be attributable to increased sensitivity of newer PCR testing and 
the choice of control group. Influenza was uncommonly detected at 
any of the PERCH sites, including Thailand, but this contrasts with 
previous work in Thailand that identified influenza as a leading path-
ogen among ALRI cases.46 It is important to note that our previous 
work was not limited to severe pneumonia or CXR+ pneumonia. Fur-
ther, parainfluenza activity is cyclical,47 and influenza activity varies 

substantially from year to year8; influenza surveillance revealed rela-
tively low activity from 2011 through 2013 in Thailand.48,50

Given there were only 98 CXR+ severe or very severe 
pneumonia cases in the 2-year study period, precise estimation 
of the etiologic fraction for individual bacteria was not possible. 
The observed 2%–3% blood culture positivity was consistent with 
previously reported positivity of 1.8% (145/7975) among children 
<5-years-old hospitalized with ALRI.11 Among those ALRI cases, 
S. pneumoniae, nontyphoid Salmonella species, H. influenzae, 
Escherichia coli, Acinetobacter baumannii and S. aureus were the 
most common bacterial bloodstream infections.11 However, posi-
tive blood cultures in the current study identified pathogens less 
commonly associated with childhood pneumonia, but inference 
from this finding is limited by small numbers; 3 of the 5 positive 
cultures occurred in children with comorbidities or prematurity. M. 
catarrhalis bacteremia, identified in 2 cases who were also positive 
for RSV or influenza B, has been described, albeit infrequently, in 
children with acute respiratory illness, including pneumonia.52,53

It is notable that no PERCH case had S. pneumoniae detected 
by blood culture despite the near lack of PCV use, and only 3 (0 
CXR+) cases were blood positive by PCR. However, there is evi-
dence that S. pneumoniae caused disease in children <5 years in these 
same provinces before, during and after the PERCH study period. 
Before PERCH, we observed an annual incidence of S. pneumoniae 
bacteremia hospitalizations of 11.1 per 100,000 persons (95% CI: 
7.9, 15.1), which was likely substantially underestimated due to pre-
culture antibiotic use.52,53 During PERCH (2012–2013), concurrent 
bloodstream infection surveillance in these provinces identified 6 
cases of S. pneumoniae bacteremia in children <5 years of age, 3 
of whom were screened for PERCH but did not meet the severe or 
very severe pneumonia criteria and 3 of whom were treated at hos-
pitals not participating in PERCH. After PERCH ended, 10 children 
<5-years-old from Nakhon Phanom and Sa Kaeo provinces (8 at 
PERCH study hospitals) had S. pneumoniae bacteremia in 2014 and 
9 in 2015, which translates to incidence rates of 11.6 and 10.5 per 
100,000 for 2014 and 2015, respectively (unpublished data). Among 
persons ≥5 years, 121 pneumococcal bacteremia cases occurred in 
those 2 years in the study provinces. Similarly, there were 9 H. influ-
enzae bacteremia cases among children <5-years-old in these prov-
inces during the PERCH study period, but 5 were treated at other 
hospitals and the remaining 4 H. influenzae cases did not meet the 
enrollment criteria. This provides additional evidence that both S. 
pneumoniae and H. influenzae play important roles in pneumonia 
and severe disease among young children in Thailand. The lack of 
culture-confirmed pneumococcus among severe and very severe 
pneumonia cases in PERCH in Thailand is possibly due to good 
access to care and early antibiotic administration, which may help 
prevent more severe forms of pneumococcal disease. In the PERCH 
Study overall, antibiotic administration before blood culture collec-
tion was associated with a 45% reduction in culture yield.38 Addi-
tionally, pneumococcal bacteremia is a relatively uncommon event 
in general, and given the insensitivity of blood culture, it would not 
be unusual to have periods with no positive cultures.

It is also notable that approximately one-quarter of all Thai-
land cases (34% of CXR+ cases) had comorbidities, which is com-
parable with the 11%–34% with comorbidities at the other PERCH 
sites. Comorbidities were also an important contributing factor to 
fatalities in Thailand [78% (7/9) of fatal cases had a comorbidity; 
developmental delay (5/7) in particular], as was observed in other 
PERCH sites (range 44% in The Gambia and Zambia to 67%–80% 
in Mali, Kenya and Bangladesh).

Study Limitations
The PERCH Study case–control design and the collection 

of specimens at admission only after the onset of infection does 
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not allow us to delineate the order of organism acquisition or dif-
ferentiate between nonpathogenic organisms that were present 
before symptom onset and organisms that were part of the causal 
chain for severe pneumonia hospitalization. Furthermore, the cur-
rent PIA model estimates the contribution of single pathogens but 
not copathogen events. For cases with multiple organisms detected, 
the etiology for an individual case is distributed across the multiple 
organisms according to the strength of the evidence for each organ-
ism (ie, its prevalence among cases and its NP/OP PCR OR), a priori 
assumptions regarding sensitivity and specificity, and whether it was 
detected in one versus multiple specimens.39 The etiologic contribu-
tion of some pathogens may be underestimated if they contributed 
to a coinfection, because the sum of the pathogen probabilities for 
an individual case must be 100%. In addition, although we enrolled 
cases over a 24-month period, there were an insufficient number of 
cases to evaluate seasonality for most pathogens so there is potential 
to under- or overestimate the importance of pathogens with peri-
odic epidemics. Further, the 2 years of study enrollment may not 
have been representative of other years; in fact, Thailand, like many 
sites, observed fewer influenza cases than in nonstudy years. These 
issues apply to all PERCH Study sites,15 but lower-than-expected 
enrollment in Thailand (224 enrolled vs. 500 expected) limited our 
ability to estimate precisely pathogen-specific etiologic fractions, 
especially when restricted to CXR+ or stratified by severity or age. 
Our expected sample size was largely based on observed numbers of 
hospitalized ALRI cases who received supplemental oxygen at these 
hospitals during prior years of pneumonia surveillance.7

The previously observed high incidence of hospitalized 
ALRI (5772 per 100,000 child-years [95% CI: 5707, 5837]),11 
together with the relative infrequency of severe and very severe 
pneumonia and low case fatality, suggest that early access to care, 
including antibiotics, hospitalization and supplemental oxygen use 
likely results in a low proportion of children progressing to severe 
or very severe pneumonia. Previous healthcare utilization surveys 
in these provinces confirmed that the majority of children <5 years 
of age with ALRI were taken to hospital7,54 and from 2006 to 2010, 
UNICEF estimated that 84% of Thai children <5 years of age with 
suspected pneumonia were taken to a health care provider.55

CONCLUSIONS
In Thailand, RSV was the predominant pneumonia patho-

gen, as it was at all sites, accounting for approximately one-third of 
cases and confirming the urgent need to develop and evaluate new 
prevention strategies that are feasible to implement globally. The 
highly standardized PERCH study methods give us confidence that 
etiology differences are not the result of differences in study imple-
mentation practices but could be related to differences in access 
to care and early interventions, pathogen ecology or possibly bio-
logic differences that increase or decrease susceptibility to certain 
pathogens. Despite differences, important similarities in etiology 
findings between Thailand and other PERCH sites suggest that 
global control strategies, including case management algorithms 
and immunization priorities, based on overall PERCH findings are 
relevant to Thailand and similar settings.
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