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Background Childhood community acquired pneumonia (CAP) is a
significant problem in developing countries, and confirmation of mi-
crobial etiology is important for individual, as well as public health.
However, there is paucity of data from a large cohort, examining mul-
tiple biological specimens for diverse pathogens (bacteria and virus-
es). The Community Acquired Pneumonia Etiology Study (CAPES)
was designed to address this knowledge gap.

Methods We enrolled children with CAP (based on WHO IMCI cri-
teria of tachypnea with cough or breathing difficulty) over 24 con-
secutive months, and recorded presenting symptoms, risk factors,
clinical signs, and chest radiography. We performed blood and naso-
pharyngeal aspirate (NPA) bacterial cultures, and serology (Mycoplas-
ma pneumoniae, Chlamydophila pneumoniae). We also performed mul-
tiplex PCR for 25 bacterial/viral species in a subgroup representing
20% of the cohort. Children requiring endotracheal intubation un-
derwent culture and PCR of bronchoalveolar lavage (BAL) specimens.

Findings We enrolled 2345 children. NPA and blood cultures yield-
ed bacteria in only 322 (13.7%) and 49 (2.1%) children, respective-
ly. In NPA, Streptococcus pneumoniae (79.1%) predominated, followed
by Haemophilus influenzae (9.6%) and Staphylococcus aureus (6.8%).
In blood, S. aureus (30.6%) dominated, followed by S. pneumoniae
(20.4%) and Klebsiella pneumoniae (12.2%). M. pneumoniae and C.
pheumoniae serology were positive in 4.3% and 1.1% respectively.
Multiplex PCR in 428 NPA specimens identified organisms in 422
(98.6%); of these 352 (82.2%) had multiple organisms and only 70
(16.4%) had a single organism viz. S. pneumoniae: 35 (50%), Cyto-
megalovirus (CMV): 13 (18.6%), Respiratory Syncytial Virus (RSV):
9 (12.9%), other viruses: 6 (8.7%), S. aureus: 5 (7.1%), and H. influ-
enzae: 2 (2.9%). BAL PCR (n=30) identified single pathogens in 10
(S. pneumoniae—3, CMV=3, S. aureus—2, H. influenzae—2) and multiple
pathogens in 18 children. There were 108 (4.6%) deaths. The pat-
tern of pathogens identified did not correlate with pneumonia sever-
ity or mortality.

Conclusions The majority of children with CAP have multiple patho-
gens (bacteria and viruses). S. pneumoniae and S. aureus predominate
in NPA and blood respectively. CMV and RSV were the dominant re-
spiratory viruses in NPA and BAL. The presence of multiple patho-
gens, especially organisms associated with nasopharyngeal carriage,
precludes confirmation of a causal relationship in most cases.

www.jogh.org ® doi: 10.7189/jogh.05.020418

1 DECEMBER 2015 ¢ VOL. 5 N0O. 2 « 020418

PAPERS




Mathew et al.

Pneumonia is a leading cause of childhood morbidity and mor-
tality globally. It is estimated that there were over 120 million
episodes of pneumonia among children younger than five
years during 2010-11; of which over 10% were severe epi-
sodes [1]. A recent systematic review estimated 0.22 pneumo-
nia episodes per child—year in developing countries alone [2],
with nearly one in eight cases progressing to severe disease. Yet
another systematic review estimated nearly 12 million hospi-
talizations in 2010 due to severe pneumonia and 3 million due
to very severe disease [3]. Pneumonia is also estimated to be
responsible for almost 1 million deaths among children under
5 years old [4], with maximum burden in Africa and South
Asia [3]. India has a high burden of childhood pneumonia and
the disease accounts for about a quarter of the under—five mor-
tality in the country [5]. Recognizing this burden, the World
Health Organization (WHO) developed and disseminated a
simple case definition for identification and treatment of pneu-
monia, which could be used by field—workers in resource—
poor settings [6-9]. It relies on the physiological principle that
parenchymal lung disease results in compensatory tachypnea,;
therefore any tachypnea indirectly indicates parenchymal dis-
ease including pneumonia. This case definition is highly sen-
sitive, and does not require chest radiography.

Traditional teaching attributes most cases of childhood com-
munity acquired pneumonia (CAP) to a few micro—organisms,
mostly bacteria [8]. In recent decades, developed countries
have witnessed a shift from bacterial to viral predominance on
account of hygiene, sanitation, infection control, and vaccina-
tion policies. Recent systematic reviews of childhood pneu-
monia etiology suggest that in developing countries, a few
bacteria (S. pneumoniae and H. influenzae) and viruses (Respi-
ratory Syncytial Virus, Influenza virus) are associated with
majority of childhood CAP [3,5,10-12]. A systematic review
from India suggested that about 15-24% of bacterial pneu-
monia in South Asian countries can be attributed to S. pneu-
moniae [13]. Similarly data from the Invasive Bacterial Infec-
tion Surveillance (IBIS) network in India suggests that invasive
Pneumococcal disease could be a significant public health
problem in the country, contributing to significant morbidity
and mortality [14]. However these data were not based on
studies designed to determine pneumonia etiology.

The Pneumonia Research for Child Health (PERCH) project
[15] is a 7-site case—control study to identify the cause of
pneumonia among children in developing countries. How-
ever, none of the sites is located in India. Pilot data from
PERCH reported 152 potentially pathogenic isolates among
108 hospitalized cases, using multiple microbiologic tech-
niques on various body fluids. Viruses represented over 80%
of the pathogens detected [16].

Conventional methods for determining etiology, such as bacte-
rial culture of blood or nasopharyngeal swabs, and/or selective
application of serological tests for a few organisms, are limited

by poor sensitivity, or low specificity, or both. On the other
hand, diagnostic techniques with greater specificity are limited
by technical difficulty, invasive procedures, and high cost.

Accurate, reliable and rapid determination of etiology in child-
hood CAP is important because it would influence individual
treatment decisions, antibiotic policy in the community, and
also rational immunization policy at a national level. Current-
ly, there is no study from India reporting etiology of CAP in a
large cohort of children, using multiple biological samples,
and various sensitive as well as specific microbiologic meth-
ods. We initiated the Community Acquired Pneumonia Etiol-
ogy Study (CAPES) to address this knowledge gap by deter-
mining the microbiologic etiology of CAP in a cohort of
Indian children using multiple biological specimens (blood,
nasopharyngeal aspirates, bronchoalveolar lavage) and the re-
lationship between etiology and pneumonia severity.

METHODS

This prospective study was carried out in the Union Territory
of Chandigarh (located in north India with a population of
1.05 million residing in urban, rural and urban—slum areas,
of whom 11.3% are children), over 24 consecutive months
from 1 April 2011 to 31 March 2013. The study was coordi-
nated from the Advanced Pediatrics Centre (APC) at PGIMER
Chandigarh, a tertiary care centre with nearly 20000 annual
in—patient admissions and 100000 out—patient visits.

Enrolment of children aged 1 month to 12 years, fulfilling
the WHO IMCI case definition of CAP designed for children
<5 years [6-8], was carried out through active and passive
surveillance (Figure 1). Tachypnea was defined as respira-
tory rate >60/min for infants <2 months; >50/min for infants
2—12 months; >40/min for children >12—-60 months; and
>30/min for children >60-144 months. Active surveillance
was conducted in 30 anganwadi clusters, selected to repre-
sent the population of Chandigarh, where trained research
team members visited households daily, inquiring for clini-
cal symptoms of pneumonia. Passive surveillance was car-
ried out by research staff stationed in the Out Patient and
Emergency Departments of the APC, by evaluating clinical
signs of CAP in children presenting to these Departments. If
symptoms were reported and tachypnea confirmed, the
child was presented to a Medical Officer for confirmation
and inclusion. Children with duration of illness >7 days;
those who had received antibiotics for >24 hours at presen-
tation or those with previous hospitalization within the pre-
ceding 30 days, were excluded. Children with wheeze re-
ceived a single dose of bronchodilator (Salbutamol 0.15mg/
kg by nebulization), and those whose symptoms disap-
peared were excluded. All children received standard treat-
ment including antibiotics, other medications as required
and supportive care as per institution guidelines.
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Figure 1. The screening process for children enrolled through passive or active surveillance. Trained research team members identified
children with cough and /or difficult breathing, combined with tachypnea. If the child fulfilled WHO IMCI definition of CAP;
confirmation of the diagnosis by a medical officer was required. Children whose symptoms of CAP disappeared with a single dose of
bronchodilator were excluded. After obtaining written parental consent to participate, a total of 2345 children were enrolled in the

study and included in analysis.

Clinical work—up

Each child underwent a detailed history for demographic data,
presence of risk factors for pneumonia, and immunization
status. After physical examination, pneumonia severity was
categorized based on the WHO classification [6-8]. In addi-
tion, all children underwent chest radiography. The radio-
graphs were subsequently independently read by two trained
investigators and scored as per the WHO criteria [17]. Discor-
dant results were resolved through mutual discussion. In ad-
dition, children who required endotracheal intubation were
also offered fiber—optic bronchoscopy and bronchoalveolar
lavage (BAL), based on clinical need.

Sampling and microbiological testing

A blood sample was drawn by venepuncture for routine inves-
tigations (hemogram, blood biochemistry). One to three ml
blood was processed for bacterial culture using BACTEC 9240
(Becton Dickinson, Haryana, India) in Peds plus/F culture me-
dia (Becton Dickinson) [18]. The bottles were incubated at 37
°C for seven days and isolates were identified to species level by
conventional biochemical and serological tests.

A nasopharyngeal aspirate (NPA) specimen was obtained from
all children using a sterile, disposable suction catheter [19].

One aliquot was processed for bacterial culture and one ali-
quot was mixed with 3 ml saline and frozen at —80 °C for sub-
sequent PCR analysis. BAL samples were similarly processed
for bacterial culture and PCR. The Department of Medical Mi-
crobiology at PGIMER is accredited by the Government of In-
dia’s National Accreditation Board for Testing and Calibration
Laboratories (NABL).

Serum was stored at —80 °C for M. pneumoniae and C. pneu-
moniae IgM serology performed using commercially available
kits (Calbiotech Inc USA) according to the manufacturer’s in-
structions [20,21] and analyzed with an automated ELISA
reader (SPECTROstar Nano, BMG LabTech, Germany) [22].
Serological tests were run in duplicate and only concordant
results were labeled as positive or negative.

Multiplex PCR was performed on a subset of samples repre-
senting 20% of the cohort, selected through a randomization
procedure stratifying by age, pneumonia severity and season.
PCR was performed for detecting a panel of respiratory bac-
teria and viruses (Table S1 in Online Supplementary Docu-
ment) at Xcyton Diagnostics Pvt Ltd, Bangalore, also NABL
accredited, using the Syndrome Evaluation System (SES) for
Pneumonia. The SES was standardized to attain 100% sensi-
tivity and specificity using quantified virus panels available
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from Quality Control for Molecular Diagnostics (QCMD), UK
[23]. (Table S2 in Online Supplementary Document). Lim-
it of Detection for all DNA viruses was 250 virions/mL and
100 virions/mL for CMV and adenoviruses. For RNA viruses,
QCMD proficiency panels of 2011 were used. Samples were
thawed, centrifuged (3000 rpmx10 min) and re-suspended
in 1 mL sample supernatant. Nucleic acids were extracted us-
ing commercially available Qiagen kits and cDNA was pre-
pared using a commercial cDNA Archive Kit (ABI, USA) [24],
both according to the manufacturers instruction with the ad-
dition of pathogen specific primers. Amplification was carried
out in Bio—Rad PTC200 thermal cycler and the detection of
amplified products was facilitated using biotin labeled prim-
ers. Samples were categorized as negative or positive for any
pathogen with internal controls (human housekeeping genes
B2-microglobulin and B-actin) included in each run as con-
trol for DNA and RNA extraction respectively.

Statistical analysis

Descriptive statistics of cohort characteristics and duration of
various symptoms are presented with proportional distribution
and median (IQR) respectively. Ordinal categorical data and
mortality status was analyzed using test of linear association.
Data analysis was conducted in IBM SPSS Statistics 22.0 [25].

Role of the funding source: The funding agency had no role in
study design, data collection, data analysis, data interpreta-
tion, writing of the manuscript or decision to submit for pub-
lication. All authors had access to the data in the study and
approved the decision to submit for publication.

RESULTS

A total of 36 676 children underwent active or passive surveil-
lance for CAP. Figure 1 shows the step—wise process used to
enrol children. A total of 2345 children were enrolled and
comprised the cohort included in the analysis.

Table 1 presents the baseline characteristics of children enrolled
through active or passive surveillance. Children <12 months
dominated in both groups. Severe and very severe disease was
detected more frequently in children enrolled through passive
surveillance. A total of 1145/2345 children (48.8%) were en-
rolled during the cold season from 16 November to 15 Febru-
ary; while the remaining (51.2%) were enrolled during the lon-
ger warm season. Acute malnutrition, defined as weight—for—age
z score less than 3, was observed in 1008/2345 children
(42.9%). Similarly, absent or deficient breastfeeding (defined as
duration of breastfeeding <6 months for infants older than six
months, or less than infant’s age in those <6 months old) was
more common in those enrolled through passive surveillance.
These children were also more likely to be exposed to solid fu-
els as well as tobacco smoke in their homes. There were no ma-
jor differences in gender, history of wheeze, previous history of

Table 1. Baseline characteristics of children enrolled in the study*

Acrive Passive
SURVEILLANCE SURVEILLANCE
n= % n= %
746 1599

Gender:
Male 558 74.8 1123 70.2
Age group:
1-2 months 10 13 142 89
3—12 months 295 39.5 887 555
13-60 months 382  51.2 424 265
61-144 months 59 79 146 9.1
Severity:
Pneumonia 609 81.6 424 26.5
Severe pneumonia 131  17.6 870 54.4
Very severe pneumonia 6 0.8 305 19.1
Season:
Cold 360 483 785 49.1
Warm 386 51.7 814 50.9
Malnutrition 249 334 759 47.5
Absent or deficient breast feeding 63 84 230 144
History of wheezing 112 150 200 125

History of >1 episodes of URI and/or diarrhea 207  27.7 415 26.0
Current or previous family history of TB 28 38 49 3.1

Past history of TB 11 15 25 16

Predominant use of solid fuel 223 299 764 47.8
Any use of solid fuel 257 345 816 51.0
Exposure to tobacco smoke at home 172 23.1 489 30.6

URI — Upper respiratory infections, TB — tuberculosis

*See Table S3 in Online Supplementary Document for definitions.

infections, or family history of tuberculosis in children enrolled
through active or passive surveillance.

Table 2 presents symptoms reported by parents, clinical find-
ings and radiography. Almost all children presented with
cough, fever and fast breathing with median duration of
symptoms being similar in those enrolled through active or
passive surveillance. Parents reported wheezing during the
current episode in approximately one-third of the children.
Symptoms/signs suggesting greater severity of pneumonia
were more frequently identified in those enrolled through pas-
sive surveillance. A larger proportion of these children also
had WHO Class I and Class II chest X-rays.

There were 108 (4.6%) deaths; of these 107 occurred among
those enrolled through passive surveillance (mortality rate
9.2%) and one among those enrolled through active surveil-
lance (0.1%). Based on disease severity, the mortality rate was
1.2% for pneumonia, 4.7% for severe pneumonia and 15.8%
for very severe pneumonia. A comparison between fatal and
non—fatal cases suggested that age <12 months, oxygen satu-
ration <95% and radiographic finding of consolidation (WHO
Class I) were associated with mortality.

Table 3 summarizes the microbiology findings from culture
of different biological specimens. Blood culture results were

DECEMBER 2015 ¢ VOL. 5 NO. 2 » 020418
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Tahle 2. Presenting symptoms, clinical examination findings and
chest radiography at enrolment into the study

ACTIVE SURVEILLANCE  PASSIVE SURVEILLANCE

n=746 % n=1599 %
Symptoms at presentation:
Fast breathing 698 93.6 1556 97.3
— median duration in days (IQR): 2 (1-3) 2 (1-3)
Cough 738 98.9 1459 91.2
— median duration (IQR): 4 (3-7) 4 Q2-7)
Fever 545 73.1 1254 78.4
— median duration (IQR): 3 (2-5) 3(2-5)
Difficult breathing 412 55.2 1351 84.5
— median duration (IQR): 2(1-3) 2 (-4
Chest indrawing 156 20.9 1097 68.6
— median duration (IQR): 2 (1-3) 2 (1-3)
Wheezing 239 32.0 621 38.8
— median duration (IQR): 2 (2-3) 2 (1-3)
Altered mental status 60 8.0 395 24.7
Inability to drink 29 3.9 350 21.9
Clinical findings:
Pallor 48 6.4 398 24.9
Cyanosis 6 0.8 101 6.3
Retractions 193 259 1178 73.7
Crackles 476 63.8 1225 76.6
‘Wheezing 289 38.7 553 34.6
Oxygen saturation:
>95% 658 88.2 802 50.2
92-95% 65 8.7 402 25.1
<92% 23 3.1 393 24.6
Radiography findings:*
‘WHO Class 1 272 36.8 770 48.5
‘WHO Class 11 179 24.2 482 30.4
WHO Class 111 285 38.6 323 20.4
WHO Class IV 3 0.4 12 0.8
Mortality 1 0.1 107 9.2

IQR — interquartile range

*WHO categorization of chest radiography [17]: Class I=consolidation/
pleural effusion; Class II=interstitial pattern/infiltrate; Class III=no con-
solidation/ infiltrate/ effusion; Class IV =radiograph quality not sufficient for
reading.

available in 2285 children (97.4%) and only 49 (2.1%) were
positive for pathogenic species. NPA culture results were avail-
able in 2323 children (99.1%) and of these, potentially patho-
genic organisms were identified in 322 (13.9%). BAL culture
(performed in children requiring endotracheal intubation),
0-5 days (median 2 days) after enrolment was positive in only
3/30 children. In addition, serology was positive for M. pneu-
moniae in 103 (4.3%) and C. pneumoniae in 26 (1.1%).

Figure 2 summarizes the data from microbiologic analysis of
respiratory specimens. Of the 469 NPA samples selected for
multiplex PCR, only 428 (91%) could be fully processed and
422 samples (98.6%) yielded organisms (panel A in Figure
2). A single bacterium or a single virus was found in only 42
(9.8%) and 28 (6.5%) children respectively. S. pneumoniae
dominated (n=35) followed by S. aureus (n=>5) and H. influ-

Tahle 3. Bacterial culture in clinical specimens

OrcanISM Bioop NPA BAL
(n=2285) (n=2323) (v=230)
S. aureus 15 22 1
S. pneumoniae 10 255 1
H. influenzae 4 31 -
K. pneumoniae 6 3 -
Acinetobacter spp* 5 1 1
S. typhi 3 - -
Enterobacter spp 1 — -
E coli 1 3 -
Pseudomonas spp - 4 -
Stenotrophomonas maltophila - 1 -
Yeast spp — 1 —
Multiple 47 1% —
Total 49 322 3

NPA —nasopharyngeal aspirate, BAL—broncho-alveolar lavage

*Acinetobacter Baumanii and Lwofii.

tTTwo children had S. pneumoniae + S. aureus; and one child each had S.
aureus + Enterococcus faecalis and Pseudomonas + E coli

$One child had Acinetobacter spp + K. pneumoniae

enzae (n=2). The single viruses identified were CMV (n=13)
and RSV (n=9) followed by Rhinovirus (n=2), and one each
of Influenza, Parainfluenza, Enterovirus and hMPV. S. pneu-
moniae was the dominant organism identified in NPA culture
as well. A comparison of the bacterial yield from NPA by PCR
and culture is shown in panel B in Figure 2.

Among the 428 children with NPA PCR results, 25 died and
PCR showed diverse organisms distributed in a pattern simi-
lar to the 428 children (panel C in Figure 2). Among intu-
bated children undergoing bronchoscopy as part of clinical
care (n=30), only 2 samples were negative on PCR and the
remainder showed organisms in a similar pattern to NPA PCR
(panel D in Figure 2).

Since most NPA PCR samples yielded multiple pathogens, the
data were analyzed with respect to etiology patterns rather
than individual pathogens. These included combinations of
two bacteria, two viruses, one bacterium plus one virus, or
mixed i.e more than one bacteria and/or virus (panel E in Fig-
ure 2). The most common combination of pathogens in indi-
vidual samples was S. pneumoniae and CMV (n=100) followed
by 2 bacteria or 2 viruses.

In BAL samples, the single pathogens identified were S. pneu-
moniae (n=3), S. aureus (n=2), H. influenzae (n=2) and CMV
(n=3); the majority of samples (n=18) showed multiple or-
ganisms (panel F in Figure 2) that were distributed in a pat-
tern almost similar to NPA samples.

The complex microbial patterns on PCR were further ana-
lyzed with respect to disease severity (defined according to
WHO criteria) but there were no apparent differences (Fig-
ure 3).
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Figure 2. Microbiological findings in samples obtained from the sub—group (n=428) of children with CAP. The number above each
bar represents the number of children with a positive result. (A) Nasopharyngeal aspirate (NPA) Multiplex—PCR findings (bacteria
and viruses) in the sub—group (n=428). (B) Comparison of diagnostic yield of bacteria in NPA by PCR and culture indicates that PCR
has a higher sensitivity; PCR (white bars), NPA (blue bars) and double positive samples (green bars). (C) NPA PCR findings in
children with fatal outcome (n=25). (D) BAL PCR findings in children who were intubated and underwent broncho-alveolar lavage
(n=30). Combinations of pathogens in (E) NPA samples (n=428) and (F) BAL samples (n=30). N—Nil, B—Bacteria, V—Virus,
M-—multiple organisms.
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Figure 3. NPA Multiplex—PCR findings stratified by pneumonia severity as defined by WHO IMCI criteria in the sub cohort (n=428).

N-—Nil, B—Bacteria, V—Virus. M—multiple organisms.

DISCUSSION

To our knowledge, this is one of the largest single—centre stud-
ies of CAP etiology in children from a resource-limited setting.
Our data suggest that CAP is associated with a number of
pathogens or combinations of viral and bacterial pathogens.
Further, no single pathogen or combination could be related
to disease severity. Our findings also confirm that infants <12
months old are particularly vulnerable in terms of disease se-
verity and outcome.

As expected, S. pneumoniage was the predominant isolate in
NPA by culture as well as PCR, although mere detection does
not establish a causal role. We could not do serotyping due to
resource constraints. It can be argued that the isolation rate
by culture in our cohort is lower than expected [26,27], es-
pecially as PCR identified S. pneumoniae much more frequent-
ly. It is possible that clinical pneumonia due to other patho-
gens masks the presence of S. pneumoniae on routine culture.
The major difficulty in attributing etiology to S. pneumoniae is
its frequent presence in asymptomatic children also, although
a similar argument could be raised for S. aureus too [28,29].

Detection of multiple pathogens in NPA by PCR makes it dif-
ficult to ascribe a causal role to any one organism. Our culture
and PCR data also suggest that nasopharyngeal specimens
may perhaps be inappropriate for confirming microbial etiol-
ogy in CAP. Indeed, this is in concordance with several recent
studies showing the presence of various viruses in asymptom-
atic children as well as those with upper respiratory tract
symptoms [19,30,31]. It appears that even M. pneumonide can
be identified in the nasopharynx of healthy children [32].

Somewhat surprisingly, CMV was the most common virus in
our cohort, where none had immune—suppressive therapy,
known primary immune—deficiency and where the HIV prev-
alence during the study period is reported to be <0.25% in
the community [33]. While CMV is well-recognized as a

pathogen in these latter settings, its frequent occurrence in
CAP raises the possibility that it may contribute to pneumo-
nia pathogenesis singly or with other pathogens [34]. This
novel finding also emphasizes that although PCR is highly
sensitive, it can detect only those organisms that are looked
for—a limitation that is being overcome by next generation se-
quencing. After CMV, RSV was most frequently identified as
previously reported also [2] while Influenza A and B were less
frequent. Unfortunately, even BAL samples in a limited num-
ber of children could not ascertain etiology as most children
had multiple organisms. Further the time—lag between pre-
sentation and obtaining BAL samples in the majority of chil-
dren raises the possibility that some of the organisms could
represent secondary infection.

How to interpret the detection of multiple organisms in respi-
ratory tract samples from a given child? It is possible that in-
fection by one (potential) pathogen facilitates other pathogens,
or that mild infection with one organism becomes more severe
in the presence of additional organisms. This is well docu-
mented with Influenza infection [35,36] and suggested for
other organisms also [2]. However, the pattern of PCR find-
ings did not differ with disease severity which is in concor-
dance with initial data from the PERCH project also [16]. In
our cohort, a single organism (bacteria or virus) was identified
by NPA PCR in only a minority of children. Further NPA data
may be skewed on account of nasopharyngeal carriage. The
limited BAL data suggests that S. pneumoniae, CMV, S. aureus
and H. influenzae may be the dominant pathogens in severe
cases of CAP. In children with fatal outcome, the same patho-
gens were identified along with RSV.

In the small number of positive blood cultures, S. aureus pre-
dominated, rather than S. pneumoniae or H. influenzae, expect-
ed in a vaccine—naive pediatric population such as our cohort.
Clinical experience suggests that S. aureus is frequently re-
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sponsible for community acquired infections in India, al-
though it has not previously been documented as the most
frequent cause of bacteraemia in childhood pneumonia. In
contrast, it is the most frequently recovered pathogen in para-
pneumonic effusions/empyema complicating pneumonia [37-
39] and also commonly isolated in blood cultures from infants
with bacteraemia [40]. Therefore it is reasonable to conclude
that S. aureus may be an important pathogen in childhood
pneumonia as well. However, international and national an-
tibiotic treatment protocols for childhood CAP do not use
specific antibiotics against this organism.

The data presented in this study raise some important points

tionately large number of severe and very severe pneumonia
cases attest to greater enrolment through passive surveil-
lance. Lack of controls is a limitation since it would have
provided data on nasopharyngeal carriage of pathogens in
asymptomatic/ healthy children in this population. Further,
research team members could not be stationed in a given
anganwadi throughout the study period, hence pneumonia
incidence could not be calculated. We could perform only
qualitative PCR, and that too in a small proportion (20%) of
the cohort.

CONCLUSION

for further research on childhood CAP First, the mere identifi-

cation of organisms by highly sensitive techniques may not con- This large cohort study (CAPES) identified multiple pathogens

firm etiology. Even comparing the yield among cases vs con- in various biological samples of children with CAP. Our data

trols, as planned in the PERCH Project [41] can at best suggest
an association, but not causation. In an individual child, even
the presence of organisms commonly associated with pneumo-
nia may be of limited value for predicting pneumonia severity/
outcome. The presence of potential pathogens in the respira-

suggest that it is difficult to attribute etiology to a single patho-
gen in the majority of cases as co—infection is common and
independent of disease severity. Multiplex PCR proved to be
highly sensitive in identifying potential pathogens from respi-
ratory samples; but lacked specificity for establishing a causal
relationship. A novel finding of CMV carriage/infection in na-
sopharyngeal secretions was observed. Our findings suggest
that clinical practice guidelines for management of suspected

tory secretions of apparently healthy children also raises the
possibility that microbes may not be solely responsible for dis-

ease. It is likely that combinations of host immune status and/

. S S bacterial pneumonia in developing countries should addition-
or response to infection/inflammation tip the balance from as- P pmg

ymptomatic colonization to disease in a given child. ally consider anti—Staphylococcal therapy. Rational vaccina-

tion policies against S. pneumoniae, H. influenzae and (in the

Although this study had several methodological strengths lim- future) RSV could decrease overall burden of childhood pneu-

iting the risk of bias, it also had limitations. The dispropor- monia morbidity and mortality.

Acknowledgment: The Investigators are grateful to Ms Kerstin Thurdin (Chair of the Astrid Lindgren Children’s Foun-
dation, Karolinska Institutet Stockholm) for project oversight, and smooth conduct; Prof. Olle Soder (Chair of the De-
partment of Women’s and Children’s Health, Karolinska Institutet Stockholm) for personal interest in the project and

ensuring smooth conduct; Director and Dean of PGIMER Chandigarh for permission to conduct the project; and the
Indian Council of Medical Research for project approval and clearance. The investigators are grateful to all the research
staff who participated in the project and especially grateful to all participating children and their families. The investi-
gators thank the Ikea Foundation for funding this study.

Ethics: Approval was obtained from the Institutional Ethics Committees of PGIMER Chandigarh (No. 5769 dated 24
Nov 2009) as well as the Ministry of Health and Family Welfare, Government of India (No. 5/8/9/106/2010-ECD-1).
Children were enrolled with written, informed consent of their parent/legal guardian.

Funding: This work was supported by lkea Foundation [Grant number Nil].

Authorship Declaration: JLM designed the study, established study procedures and data collection tools, supervised
patient enrollment and data collection, participated in clinical care of patients, assisted with interpretation of radio-
graphs, contributed to data management and analysis, wrote the manuscript and finalized it. SS confirmed the study
design and procedures, supervised data collection, supervised clinical management of patients, provided critical inputs
to the manuscript, and finalized it. PR was responsible for bacterial culture including blood, NPA and BAL. EH was
responsible for data management, data cleaning, data analysis and statistics. SS—H: assisted with data analysis, data
management, preparation of figures and provided critical inputs to the manuscript. AB: assisted with patient enroll-
ment, clinical care and data collection. SY: assisted with data analysis, data management, and provided critical inputs
to the manuscript. KSS was responsible for radiographic procedures and interpretation. BVRK was responsible for mul-
tiplex PCR in NPA and BAL samples. AN assisted with study design, secured funding, assisted with data management
and analysis, provided critical inputs to the manuscript and finalized it.

Competing interests: The author completed the Unified Competing Interest form at www.icmje.org/coi_disclosure.
pdf (available on request from the corresponding author). None of the authors has any competing interests to declare.

BVRK is the Chairman and Managing Director of Xcyton Diagnostics Pvt Ltd.

DECEMBER 2015 ¢ VOL. 5 NO. 2 » 020418 7 www.jogh.org ® doi: 10.7189/jogh.05.020418



1 Walker CL, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta ZA, et al. Global burden of childhood pneumonia
and diarrhoea. Lancet. 2013;381:1405-16. Medline:23582727 doi:10.1016/S0140-6736(13)60222-6

2 Rudan I, O'Brien KL, Nair H, Liu L, Theodoratou E, Qazi S, et al. Epidemiology and etiology of childhood
pneumonia in 2010: estimates of incidence, severe morbidity, mortality, underlying risk factors and causative
pathogens for 192 countries. J Glob Health. 2013;3:010401. Medline:23826505

3 Nair H, Simoes EAF, Rudan I, Gessner BD, Azziz—Baumgartner E, Zhang JSE Global and regional burden of
hospital admissions for severe acute lower respiratory infections in young children in 2010: a systematic anal-
ysis. Lancet. 2013;381:1380-90. Medline:23369797 doi:10.1016/S0140-6736(12)61901-1

4 LiuL, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and national causes of child mortal-
ity in 2000-13, with projections to inform post—2015 priorities: an updated systematic analysis. Lancet.
2015;385:430-40. Medline:25280870 doi:10.1016/S0140-6736(14)61698-6

5 Mathew JL, Patwari AK, Gupta B, Shah D, Gera T, Gogia S, et al. Acute respiratory infection and pneumonia
in India: a systematic review of literature for advocacy and action: UNICEF—PHFI series on newborn and child
health, India. Indian Pediatr. 2011;48:191-218. Medline:21478555 doi:10.1007/s13312-011-0051-8

6 World Health Organization. Technical bases for the WHO recommendations on the management of pneumo-
nia in children at first—level health facilities. Geneva, Switzerland: World Health Organization; 1991.

7 World Health Organization (WHO) Department of Child and Adolescent Health and Development. (CAH). In-
tegrated management of childhood illness (IMCI) Technical Seminar — Acute Respiratory Infections. Available:
http//www.who.int/maternal_child_adolescent/documents/pdfs/cah_01_10_ts_ari.pdf. Accessed: 10 Jun 2015.

8 World Health Organization. Handbook IMCI. Integrated management of childhood illness. Geneva, Switzer-
land: World Health Organization, 2005. Available: http://apps.who.int/iris/bitstream/10665/42939/1/9241546441.
pdf. Accessed: 12 Jan 2015.

9 Scott JA, Wonodi C, Mod5si JC, Deloria—Knoll M, DeLuca AN, Karron RA, et al. The definition of pneumonia,
the assessment of severity, and clinical standardization in the Pneumonia Etiology Research for Child Health
study. Clin Infect Dis. 2012;54 Suppl 2:5109-16. Medline:22403224 doi:10.1093/cid/cir1065

10 Gilani Z, Kwong YD, Levine OS, Deloria—Knoll M, Scott JA, O'Brien KL, et al. A literature review and survey
of childhood pneumonia etiology studies: 2000—2010. Clin Infect Dis. 2012;54 Suppl 2:5102-8. Med-
line:22403223 doi:10.1093/cid/cir1053

11 Falade AG, Ayede Al Epidemiology, aetiology and management of childhood acute community—acquired pneu-
monia in developing countries—a review. Afr ] Med Med Sci. 2011;40:293-308. Medline:22783679

12 Don M, Canciani M, Korppi M. Community—acquired pneumonia in children: what's old? What's new? Acta
Paediatr. 2010;99:1602-8. Medline:20573146 doi:10.1111/j.1651-2227.2010.01924.x

13 Jaiswal N, Singh M, Thumburu KK, Bharti B, Agarwal A, Kumar A, et al. Burden of invasive pneumococcal
disease in children aged 1 month to 12 years living in South Asia: a systematic review. PLoS ONE. 2014;9:¢96282.
Medline:24798424 doi:10.1371/journal.pone.0096282

14 Thomas K, Mukkai Kesavan L, Veeraraghavan B, Jasmine S, Jude J, Shubankar M, et al. Invasive pneumococ-
cal disease associated with high case fatality in India. J Clin Epidemiol. 2013;66:36-43. Medline:23177893
doi:10.1016/j.jclinepi.2012.04.006

15 PERCH. Pneumonia Etiology Research for Child Health. Available: http:/www.jhsph.edwresearch/centers—
and—institutes/ivac/projects/perch/. Accessed: 12 Jan 2015.

16 Mermond S, Zurawski V, D'Ortenzio E, Driscoll AJ, DeLuca AN, Deloria-Knoll M, et al. Lower respiratory in-
fections among hospitalized children in New Caledonia: a pilot study for the Pneumonia Etiology Research for
Child Health project. Clin Infect Dis. 2012;54 Suppl 2:5180-9. Medline:22403234 doi:10.1093/cid/cir1070

17 Cherian T, Mulholland EK, Carlin JB, Ostensen H, Amin R, de Campo M, et al. Standardized interpretation of
paediatric chest radiographs for the diagnosis of pneumonia in epidemiological studies. Bull World Health Or-
gan. 2005;83:353-9. Medline:15976876

18 Automated Blood Culture BACTEC. #9240/9120/9050. Available: https://www.bd.com/ds/technicalCenter/
clsi/clsi-9000bc2.pdf. Accessed: 10 July 2015.

19 Rhedin S, Lindstrand A, Rotzén—Ostlund M, Tolfvenstam T, Ohrmalm L, Rinder MR, et al. Clinical Utility of
PCR for common viruses in acute respiratory illness. Pediatrics. 2014;133:€538-45. Medline:24567027
doi:10.1542/peds.2013-3042

20 Mycoplasma pneumoniae: Available: https://www.calbiotech.com/infectious-diseases/mycoplasma-igm-elisa-
detail. Accessed: 15 September 2015.

21 Chlamydia pneumoniae. Available: https://www.calbiotech.com/infectious-diseases/chlamydia-pneumonia-
igm-elisa-detail. Accessed: 15 September 2015.

22 ELISA reader (SPECTROstar Nano, BMG LabTech, Germany. Available: http://www.bmglabtech.com/en/prod-
ucts/spectrostar-nano/. Accessed: 10 June 2015.

23 Quality Control for Molecular Diagnostics (QCMD). Available: http://www.qnostics.com/molecular-controls/
Accessed: 24 May 2015.

24 High-Capacity cDNA Archive Kit. Available: http://www3.appliedbiosystems.com/cms/groups/mcb_support/
documents/generaldocuments/cms_041198.pdf. Accessed: 11 January 2015.

25 IBM SPSS Statistics 22.0. Available: http:/www-01.ibm.com/software/analytics/spss/downloads.html. Accessed:
15 September 2015.

www.jogh.org ® doi: 10.7189/jogh.05.020418 8 DECEMBER 2015 * VOL. 5 NO. 2 » 020418


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23582727&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)60222-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23826505&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23369797&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(12)61901-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25280870&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61698-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21478555&dopt=Abstract
http://dx.doi.org/10.1007/s13312-011-0051-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403224&dopt=Abstract
http://dx.doi.org/10.1093/cid/cir1065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403223&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403223&dopt=Abstract
http://dx.doi.org/10.1093/cid/cir1053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22783679&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20573146&dopt=Abstract
http://dx.doi.org/10.1111/j.1651-2227.2010.01924.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798424&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24798424&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0096282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23177893&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2012.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403234&dopt=Abstract
http://dx.doi.org/10.1093/cid/cir1070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15976876&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24567027&dopt=Abstract
http://dx.doi.org/10.1542/peds.2013-3042
https://www.calbiotech.com/infectious-diseases/mycoplasma-igm-elisa-detail
https://www.calbiotech.com/infectious-diseases/mycoplasma-igm-elisa-detail

Mathew et al.

26 Kumar KL, Ashok V, Ganaie F, Ramesh AC. Nasopharyngeal carriage, antibiogram & serotype distribution of
Streptococcus pneumoniae among healthy under five children. Indian J Med Res. 2014;140:216-20. Med-
line:25297353

27 Rupa V, Isaac R, Jalagandeeswaran R, Manoharan A, Rebekah G. Epidemiology of nasopharyngeal colonization
by S. pneumoniae in Indian infants in the first 2 years of life. Int J Pediatr Otorhinolaryngol. 2014;78:1701-6.
Medline:25112164 doi:10.1016/j.ijporl.2014.07.024

28 Tenenbaum T, Franz A, Neuhausen N, Willems R, Brade J, Schweitzer-Krantz S, et al. Clinical Characteristics
of children with lower respiratory tract infections are dependent on the carriage of specific pathogens in the
nasopharynx. Eur J Clin Microbiol Infect Dis. 2012;31:3173-82. Medline:22850740 doi:10.1007/s10096-012-
1682-y

29 van den Bergh MR, Biesbroek G, Rossen JW, de Steenhuijsen Piters WA, Bosch AA, van Gils EJ, et al. Associa-
tions between pathogens in the upper respiratory tract of young children: interplay between viruses and bac-
teria. PLoS ONE. 2012;7:e47711. Medline:23082199 doi:10.1371/journal.pone.0047711

30 Lambert SB, Allen KM, Druce JD, Birch CJ, Mackay IM, Carlin JB, et al. Community epidemiology of human
metapneumovirus, human coronavirus NL63, and other respiratory viruses in healthy preschool-aged chil-
dren using parent—collected specimens. Pediatrics. 2007;120:€929-37. Medline:17875651 doi:10.1542/
peds.2006-3703

31 Garcia—Garcia ML, Calvo C, Pozo F, Pérez-Breria P, Quevedo S, Bracamonte T, et al. Human bocavirus detec-
tion in nasopharyngeal aspirates of children without clinical symptoms of respiratory infection. Pediatr Infect
Dis J. 2008;27:358-60. Medline:18316984 doi:10.1097/INEOb013e3181626d2a

32 Spuesens EB, Fraaij PL, Visser EG, Hoogenboezem T, Hop WC, van Adrichem LN, et al. Carriage of Myco-
plasma pneumoniae in the upper respiratory tract of symptomatic and asymptomatic children: an observa-
tional study. PLoS Med. 2013;10:e1001444. Medline:23690754 doi:10.1371/journal.pmed.1001444

33 Department of AIDS Control, Ministry Of Health and Family Welfare, Government Of India. State HIV Epi-
demic Fact Sheets. July 2014. Available: http://www.naco.gov.in/upload/2014%20mslns/STATE%20HIV %20
EPIDEMIC%20FACT%20SHEET.pdf. Accessed: 25 August 2015.

34 Zhou W, Lin E Teng L, Li H, Hou J, Tong R, et al. Prevalence of herpes and respiratory viruses in induced spu-
tum among hospitalized children with non typical bacterial community—acquired pneumonia. PLoS ONE.
2013;8:e79477. Medline: 24260230 doi:10.1371/journal.pone.0079477

35 Morens DM, Taubenberger JK, Fauci AS. Predominant role of bacterial pneumonia as a cause of death in pan-
demic influenza: implications for pandemic influenza preparedness. J Infect Dis. 2008;198:962-70. Med-
line:18710327 doi:10.1086/591708

36 McCullers JA. Insights into the interaction between influenza virus and pneumococcus. Clin Microbiol Rev.
2006;19:571-82. Medline:16847087 doi:10.1128/CMR.00058-05

37 Kumar A, Sethi GR, Mantan M, Aggarwal SK, Garg A. Empyema thoracis in children: a short term outcome
study. Indian Pediatr. 2013;50:879-82. Medline:23798633 doi:10.1007/s13312-013-0232-8

38 Narayanappa D, Rashmi N, Prasad NA, Kumar A. Clinico—bacteriological profile and outcome of empyema.
Indian Pediatr. 2013;50:783-5. Medline:23502667 doi:10.1007/s13312-013-0215-9

39 Goyal V, Kumar A, Gupta M, Sandhu HP, Dhir S. Empyema thoracis in children: still a challenge in develop-
ing countries. Afr J Paediatr Surg. 2014;11:206-10. Medline:25047309 doi:10.4103/0189-6725.137326

40 Hamer DH, Darmstadt GL, Carlin JB, Zaidi AK, Yeboah-Antwi K, Saha SK, et al. Etiology of bacteremia in
young infants in six countries. Pediatr Infect Dis J. 2015;34:e1-8. Medline:25389919 doi:10.1097/
INEOOOOOO0000000549

41 Levine OS, O'Brien KL, Deloria—Knoll M, Murdoch DR, Feikin DR, DelL.uca AN, et al. The Pneumonia Etiol-
ogy Research for Child Health Project: a 21st century childhood pneumonia etiology study. Clin Infect Dis.
2012;54 Suppl 2:593-101. Medline:22403238 doi:10.1093/cid/cir1052

DECEMBER 2015 ¢ VOL.5NO. 2 » 020418 9 www.jogh.org ® doi: 10.7189/jogh.05.020418


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25297353&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25297353&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25112164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25112164&dopt=Abstract
http://dx.doi.org/10.1016/j.ijporl.2014.07.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22850740&dopt=Abstract
http://dx.doi.org/10.1007/s10096-012-1682-y
http://dx.doi.org/10.1007/s10096-012-1682-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23082199&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0047711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17875651&dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-3703
http://dx.doi.org/10.1542/peds.2006-3703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18316984&dopt=Abstract
http://dx.doi.org/10.1097/INF.0b013e3181626d2a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23690754&dopt=Abstract
http://dx.doi.org/10.1371/journal.pmed.1001444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24260230&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0079477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18710327&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18710327&dopt=Abstract
http://dx.doi.org/10.1086/591708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16847087&dopt=Abstract
http://dx.doi.org/10.1128/CMR.00058-05
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23798633&dopt=Abstract
http://dx.doi.org/10.1007/s13312-013-0232-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23502667&dopt=Abstract
http://dx.doi.org/10.1007/s13312-013-0215-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25047309&dopt=Abstract
http://dx.doi.org/10.4103/0189-6725.137326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25389919&dopt=Abstract
http://dx.doi.org/10.1097/INF.0000000000000549
http://dx.doi.org/10.1097/INF.0000000000000549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22403238&dopt=Abstract
http://dx.doi.org/10.1093/cid/cir1052

