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ABSTRACT

Objectives The current study was a hospital-based
surveillance of cases hospitalised with WHO-defined
community-acquired pneumonia in children aged 2-59
months, to assess the radiological abnormalities in chest
X-rays and to identify the demographic and clinical
correlates of specific radiological abnormalities, in
residents of prespecified districts of Uttar Pradesh and
Bihar, India.

Design Prospective, active, hospital-based surveillance.
Setting Multisite study conducted in a network of 117
secondary/tertiary care hospitals in four districts of Uttar
Pradesh and Bihar, India.

Participants Included were children aged 2—59 months,
hospitalised with community-acquired pneumonia,
residing in the project district, with duration of illness <14
days and who had not been hospitalised elsewhere for this
episode nor had been recruited previously.

Main outcome measure Concordant radiological
abnormalities in the chest X-rays.

Results From January 2015 to April 2017, 3214 cases
were recruited and in 99.40% (3195/3214) chest X-rays
were available, among which 88.54% (2829/3195) were
interpretable. Relevant radiological abnormalities were
found in 34.53% (977/2829, 95% Cl 32.78 to 36.28).
These were primary end point pneumonia alone or with
other infiltrates in 22.44% (635/2829, 95% Cl 20.90% to
23.98%) and other infiltrates in 12.09% (342/2829; 95%
Cl 10.88% to 13.29%). There was a statistically significant
interdistrict variation in radiological abnormalities.
Statistically significantly higher proportion of abnormal
chest X-rays were found in girls, those with weight-for-age
z-score <—3SD, longer duration of fever, pallor and with
exposure to biomass fuel.

Conclusions Among hospitalised cases of community-
acquired pneumonia, almost one-third children had
abnormal chest radiographs, which were higher in
females, malnourished children and those with longer
illnesses; and an intra-district variation was observed.

Strengths and limitations of this study

» Prospective, multisite study recruiting cases from a
large hospital surveillance network established for
the project in four districts in two states of India that
have high under-5 mortality rates.

» WHO definition of clinical pneumonia was used for
identifying hospitalised cases for generalisability.

» Radiological abnormalities were interpreted by a
panel of three independent, trained radiologists out-
side the surveillance network, blinded to each other
as well as clinical features of the case.

» Since pre-existing X-ray machines were used, there
were variations in the quality of images, which was,
however, minimised by digitising them centrally.

» Since data of clinical examination were abstracted
from hospital records, interobserver variation in doc-
umentation was possible.

INTRODUCTION

Community-acquired pneumonia (CAP) is
the leading cause of death in young children
worldwide. Globally, pneumonia accounts for
16% of deaths in children under 5years of age,
which translates into almost 1 million deaths
annually, with 0.9 million deaths reported in
2016."* Most deaths due to pneumonia occur
in low-income and middle-income countries,
particularly in sub-Saharan Africa and South
Asia.? * In India, there were approximately
0-44 million under-5 deaths due to CAP in the
year 2015.*

CAP could be of either viral or bacterial
aetiology.”™ In young children, bacteria asso-
ciated with pneumonia are predominantly
Streptococcus — pnewmoniae and  Haemophilus
influenzae type b, while viruses are respiratory
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syncytial virus and influenza A or B.® However, aetiology
varies from country to country and also across different
time periods. To reduce the incidence of bacterial pneu-
monia, vaccination against Haemophilus influenzae type b
is already under the national immunisation programme
of India since 2011. Thereafter, WHO introduced pneu-
mococcal conjugate vaccine (PCV) in countries, such
as India, with high child mortality rates.® Consequently,
PCV-13 was launched in May 2017 under the national
immunisation programme of five Indian states (Uttar
Pradesh, Bihar, Rajasthan, Madhya Pradesh and Himachal
Pradesh) in a phased manner.” It is expected to be rolled
out in other parts of the country in the near future.

Differentiating bacterial from viral aetiology of CAP
based on clinical features or investigations remains diffi-
cult.” "' Therefore, several PCV probe trials have used
radiographically confirmed end point pneumonia to be
a surrogate marker of bacterial aetiology and hence used
this as an outcome measure for vaccine efficacy. This
approach has been endorsed by WHO."*™*

The current study was conducted to assess the radio-
logical abnormalities in chest X-rays (CXRs) and to iden-
tify the demographic and clinical correlates of specific
radiological abnormalities in children aged 2-59 months,
hospitalised with WHO-defined CAP, residing in pre-
specified districts of Uttar Pradesh and Bihar.

METHODS

Study design and setting

This was a prospective, multisite observational study
conducted in the northern Indian states of Uttar Pradesh
and Bihar. Uttar Pradesh is the first most populated and
Bihar third most populated state of the country.'” '® This
study was conducted in Lucknow and Etawah districts
of Uttar Pradesh and Patna and Darbhanga districts of
Bihar, India. In Lucknow district, 66.2% population is
urban and in Patna district 43.07%." '°In contrast, only
22.3% population of Etawah district and 9.74% popula-
tion of Darbhanga district is urban.” '® All four project
districts have high infant and child mortality rates.'”"’
Infant mortality rate per 1000 live births of Lucknow
district is 44, Etawah district 56, Patna district 31 and
Darbhanga district 44, all being higher than the national
average 41."°77 Similarly, under-5 mortality rates per 1000
live births of districts included in this study are above the
national average 50, being 58 for Lucknow, 85 for Etawah,
46 for Patna and 77 for Darbhanga.'>""

Study population

This study was conducted after obtaining institutional
ethical clearance from all four participating academic
institutions, one in each district. Each institution then
established a prospective, active, hospital-based surveil-
lance system for this study.'” '® After obtaining written
informed consent from the private hospital management
and district administration for public hospitals, included
in the surveillance were 117 public and private hospitals

of four study districts which provided either secondary or
tertiary level care to admitted children.

Surveillance officers of the project visited these hospi-
tals every 48-72hours to screen and recruit eligible
cases. In between the scheduled visits they telephonically
contacted the hospitals daily to inquire about hospitalisa-
tion of any potentially eligible case and made additional
visits, if required. All children between the ages of 2 —
59 months, hospitalised in network hospitals with history
of fast breathing with/without chest in-drawing were
screened.'®

Included were children hospitalised with symptoms of
WHO-defined CAP and residing in the project district.'
WHO-defined CAP was categorised into pneumonia and
severe pneumonia. Fast breathing =50 breaths/min in a
child aged 2-11 months and 240 breaths/min in a child
aged 12-59 months, with or without chest in-drawing
was categorised as ‘pneumonia’.'? Cough or difficulty in
breathing plus at least one of the following: (a) oxygen
saturation <90% or central cyanosis or (b) severe respira-
tory distress (eg, grunting, very severe chest in-drawing)
or (c) signs of pneumonia with a general danger sign
(inability to breast feed or drink, lethargy or reduced level
of consciousness, convulsions) was categorised as ‘severe
pneumonia’.' Excluded were children with cough for
>14 clléays or those who had been hospitalised in last 14
days.

Sample size

We assumed that the incidence of radiological pneu-
monia is 3/100 child years of observations. Then for a
margin of error of 1.5/100 child years of observation,
incidence of pneumonia in the community of 20/100
child years of observation, alpha level of 0.05 and power
of 90% when the estimated population of children under
Byears of age in Lucknow district™ is 750 000; 693 cases
had to be included per district.

Data collection

Data were collected by surveillance officers hired for
the project at each of the four district sites. They had
postgraduate degree in social sciences and at least 10
years experience in community-based health research.
After recruitment, they were imparted 6-day centralised
training on project procedures and logistics. Classroom
as well as practical skills training in real-life setting was
given by the coordinating centre in Lucknow. Pre-tests
and post-tests were conducted to ascertain knowledge.
Skills acquired by them were assessed during field observa-
tions. The coordinating centre provided annual refresher
training to the surveillance officers from all four district
sites in Lucknow. This was done to ensure quality of data
collected.

After obtaining written, informed consent of the care-
givers, data were collected through face-to-face interviews
with caregivers, as well as by abstraction from hospital
records. Sociodemographic data obtained by inter-
viewing caregivers were: child’s age, gender, residence,
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birth order, immunisation status, current breastfeeding
status, parental education and occupation, smoking
status of parents, family type, housing infrastructure, use
of biomass fuel, etc. Caregivers were also asked about the
symptoms of disease and its duration in days.

Clinical data, recorded by pre-existing hospital staff at
the time of hospitalisation, were abstracted by surveillance
officers. Data were collected on anthropometry (weight
and height), fever (axillary temperature 2>37.5°C),
oxygen saturation by pulse oxymetry where done, pallor,
central cyanosis, signs of pneumonia along with general
danger sign and vital signs (heart rate and respiratory
rate). Presence of auscultatory wheeze was abstracted or
inquired from the treating clinician. In case information
on a clinical variable was missing in the medical chart, the
surveillance officers contacted the clinician and obtained
the same. Thus, there were no missing data for clinical
variables reported in this manuscript.

At the hospitals, clinicians generally used Integrated
Management of Childhood Tllness definitions®' to iden-
tify pallor, cyanosis, wheeze on auscultation and general
danger sign as it is incorporated in their medical under-
graduate training. Most clinicians of public health
sector had also received a formal in-service training on
Integrated Management of Childhood Tllness.”’ Clin-
ical outcome (survival or mortality) was noted from the
hospital records on follow-up.'” *®

Chest X-ray image acquisition and archiving

CXR (posterior-anterior view) was done on the advice
of treating physician. These CXRs were obtained by
the surveillance officers at the time of recruitment.
CXRs were either analogue or digital. In case of digital
CXRs, second copy was obtained where possible. If only
single analogue image was available, then the hardcopy
of CXR was obtained from the caregiver after the child
was discharged. If the caregiver was not ready to give the
hardcopy of CXR (in <1% cases), image of the same was
captured by surveillance officers using 16 megapixel cell
phone camera and portable CXR view box.

CXRs of recruited cases were subsequently scanned and
converted into digital format using a diagnostic quality
film image digitizer (Microteck International Limited,
Medi 6000 plus).”® These were archived for web-based
radiological interpretation. Digital images were stored
in JPEG format at 300 dpi resolution. Each CXR file was
anonymised and given a unique identification number.
Digital CXRs were uploaded on customised online data
management software.

Interpretation of radiological images

A panel of radiologists was constituted for standardised
interpretations of CXRs. Four radiologists were part
of this panel, one of whom was project co-investigator-
Radiology (NK). All radiologists are faculty in medical
teaching institutes and also look after pediatric radiology.
They have >15 years of experience in interpreting paedi-
atric CXRs.

Radiologists were trained according to the meth-
odology developed by Department of Immunization,
Vaccines and Biologicals of WHO for research purpose.'’
An international WHO-certified trainer from the Inter-
national Centre for Diarrhoeal Disease Research,
Bangladesh imparted 2-day in-house training to the
radiologists. The objectives of this training were to stan-
dardise interpretation and coding of CXRs, to develop
a CXR reporting form (online supplementary appendix
S1) and to provide training on web-based CXR retrieval
and reporting system. During the training, 210 CXRs of
the WHO data set were used. For assessing post-training
concordance, another set of 48 CXRs was provided for
interpretation to individual radiologists. Post-test agree-
ment with WHO findings was about 80%. Interobserver
variation was about 25% and was for only minor inter-
pretations such as quality of film, end point infiltrates,
etc. Repeat training was conducted on an additional set
of 44 CXRs provided by WHO to ensure standardisation
in interpretation. Thereafter, concordance achieved by
the radiologists was reviewed quarterly by the study arbi-
trator. Radiologists met annually to review key concepts
and discuss challenges faced in interpreting CXRs.

After training, radiologists independently reviewed
CXRs and registered their findings in an online stan-
dardised chest radiograph interpretation form (online
supplementary appendix S1). For optimal viewing of
CXRs, all radiologists used similar workstations. Specifica-
tions were provided for the computer monitor and hard-
ware to be used. It was ensured that computer monitors
had the correct brightness and contrast adjustment for
optimal viewing.

During online evaluation, radiologists reported the
quality of film as “interpretable’ or ‘un-interpretable . Further-
more, they categorised ‘inferpretable CXRs as either
‘adequate/optimal’ which allowed for confident inter-
pretation of consolidation and pleural effusion as well as
other infiltrates or ‘suboptimal’ which allowed interpreta-
tion of only consolidation and pleural effusion, but not of
other infiltrates. In ‘un-interpretable CXRs, no comment
was possible for radiological abnormality such as consoli-
dation, pleural effusion or other infiltrates."”

After interpreting film quality, radiologists evaluated
interpretable CXRs for abnormal radiological findings.
For each CXR evaluated, radiological abnormality could
be presence of consolidation, other infiltrates or pleural
effusion. ‘ Consolidation’ was defined as a dense or confluent
opacity that occupied a portion or whole of a lobe or the
entire lung that may or may not contain air broncho-
grams. ‘Other infiltrates’ were defined as linear and patchy
opacities (interstitial infiltrate) in a lacy pattern, featuring
peri-bronchial thickening and multiple areas of atelec-
tasis, also including minor patchy infiltrates that were not
of sufficient magnitude to constitute end point consolida-
tion, and small areas of atelectasis which may be difficult
to distinguish from consolidation. ‘Pleural effusion’ was
defined as the fluid in the lateral pleural space between
the lung and chest wall that was spatially associated with a
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pulmonary parenchymal infiltrate (including ‘other infil-
trates’) or had obliterated enough of the hemithorax to
obscure any infiltrates. In most cases, this was to be seen
at the costo-phrenic angle or as a layer of fluid adjacent to
the lateral chest wall and this does not include fluid seen
in the horizontal or oblique fissures.'” Primary end point
pneumonia (PEP) for research purpose was the presence
of consolidation or pleural effusion which could be with
or without other infiltrates.

Final conclusions were categorised as: (a) ‘abnormal
when it was ‘PEP only’ or ‘other infiltrates only’ or ‘both
PEP and other infiltrates’ and (b) ‘normal’ when no
abnormal findings were seen.'?

Data manager checked for inconsistencies and
completeness after online evaluation of CXRs by indi-
vidual radiologists. Thereafter, CXRs with concordant
and discordant interpretations were identified. Inter-
pretations were considered concordant when there was
an agreement between two or more radiologists on final
conclusions and discordant if all the three radiologists
disagreed. Discordant interpretations were forwarded to
the study arbitrator (NK). Arbitrator assessed discordant
CXRs online and her interpretation was taken as final.

Data management and statistical analysis
Clinical data of hospital surveillance network were
entered online in customised software. Primary entry was
done by the four participating sites. Secondary data entry
was done by the coordinating site in separate customised
software. Anonymised CXRs were uploaded on custom-
ised software. Each of the three panellists assessed the
CXRs online, blind to peer assessments as well as clinical
features of the case. CXR assessment data were down-
loaded from the online software in MS Access database.
Exploratory data analysis was performed for detection
of outlier and missing observations for all the variables.
Un-interpretable CXRs were not analysed. Among inter-
pretable CXRs, concordant radiological abnormalities
were taken as final. Weight-for-age (WAZ) z-score of each
child was calculated using WHO Anthro Survey Anal-
yser.”> Weight of 7.59% (215/2829) children was missing.
Missing weight was estimated using regression-based
imputation technique.** Kappa statistics was performed
for agreement analysis among radiologists for CXRs find-
ings. Statistical analysis was performed using SPSS V.22.0
(Chicago, Illinois, USA).* A p value of <0.05 was taken as
statistically significant using a two-tailed distribution.
Univariate analysis was performed to evaluate hetero-
geneity, stratified by four participating districts for
sociodemographic variables such as child’s age, gender,
residence, birth order, immunisation status, current
breastfeeding status, parental education and occupation,
smoking status of parents, family type, housing infrastruc-
ture, use of biomass fuel and for clinical variables such as
weight, height, duration of fever and oxygen saturation.
We report proportions of radiological abnormalities
among children hospitalised for CAP by four districts.
Univariate analysis was performed to assess association of

sociodemographic variables and clinical signs of CAP with
radiological abnormalities. Student’s t-test was used for
continuous variables and * test was used for categorical
variables. Analysis of variance was used to test the signifi-
cance of continuous variables when there were more than
two groups. Multivariate unconditional logistic regression
was performed to find association of presence of various
radiological abnormalities with other variables that had
univariate association with radiological abnormalities
(p<0.2) and/or were clinically meaningful, controlling
for district of residence.

We developed four models in which the dependent
(outcome) were different CXR findings and these were
as follows:

Model I: abnormal versus normal.

Model II: PEP alone or with other infiltrates versus
normal.

Model III: PEP alone versus normal.

Model IV: other infiltrates only versus normal.

Independent variables were the same in all the four
models. These were participating districts, age, gender,
use of biomass fuel, symptoms of CAP such as duration
of illness, presence of wheeze on auscultation, pallor,
vomiting everything and malnutrition status of the case
(WAZ <-2 SD (malnourished) and WAZ <-3 SD (severely
malnourished)).

Patient and public involvement in research

Patients or public were not involved in the develop-
ment of research question, study design or conducting
the research. Reporting of this research conforms to the
guidelines for Strengthening the Reporting of Observa-
tional Studies in Epidemiology.*®

RESULTS

From January 2015 to April 2017, 3290 cases were screened
in hospital surveillance network of four districts. Out of
these, 3214 were eligible and consenting for inclusion
(figure 1). Among them, in 3195 (99.40%) CXR was done
and only in 19 (1.0%) cases CXR was not done. However,
only 88.54% (2829/3195) CXRs were interpretable and
remaining 11.45% (366,/3195) were un-interpretable. In
cases with interpretable CXRs, 99.11% (2804/2829) had
‘severe pneumonia’ as per the WHO criteria."

Concordance among =2 radiologists on final conclusion
of CXRs findings was 86.0%. Kappa statistics was calcu-
lated for agreement of CXRs findings between reader
1 versus reader 2 (K=0.31), reader 2 versus reader 3
(K,=0.46) and reader 3 versus reader 1 (K,=0.42). Among
interpretable CXRs, 22.44% (635/2829) cases had PEP
alone or with other infiltrates, 12.09% (342/2829) had
other infiltrates only and 65.46% (1852/2829) were
normal (figure 1).

Table 1 shows univariate distribution of sociodemo-
graphic and clinical variables among hospitalised cases
across participating districts. A variation was observed in
sociodemographic variables such as place of residence,
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| 3290 Screened (Jan2015-April 2017)

|—| 76 (2.3%) consent refused |

| 3214 included

[ 3195(99.40%) with cXR |

[ 19 (1.0%) without CxR |

[ 2829(88.54%) Interpretable CXR |

[ 366(11.45%) Un- Interpretable CXR |

Figure 1

504(17.82%) 131(4.63%) Both 342(12.09%) 1852(65.46%)
FEFalaie PEP and other Other Infiltrates Normal
infiltrates alone
PEP alone or with
other infiltrates
635(22.44%)
Abnormal 977(34.53%)

Flow diagram of cases of community-acquired pneumonia recruited from participating districts before the

introduction of pneumococcal conjugate vaccine (January 2015-April 2017). CXR, chest X-ray; PEP, primary end point

pneumonia.

type of house, type of family, maternal and paternal
education and occupation, use of biomass fuel and
parental smoking status across the four districts. We also
report clinical variables of recruited cases across the four
districts in table 1. Among those where pulse-oximetry
was done, the proportion of cases with oxygen saturation
<90% was found to be different across four districts.

Among those with interpretable CXRs, 34.5%
(977/2829) had radiological abnormalities, which were
PEP alone or with other infiltrates in 64.9% (635/977)
and other infiltrates in 35.1% (342/977) (table 2). In
the same table, we report these findings by district as well
as sociodemographical and clinical associates of normal
versus abnormal CXR as well among those with abnormal
CXRs, in those with PEP alone or with other infiltrates
versus other infiltrates only.

We observed statistically significant district-wise hetero-
geneity in radiological abnormalities (table 2). We found
higher proportion of radiological abnormalities as well as
PEP alone or with other infiltrates in Patna and Lucknow
districts, and lower proportion in Etawah and Darbhanga
districts. Statistically significant higher proportion of
females hospitalised for CAP had radiologically abnormal
CXR (table 2). Likewise, statistically significantly higher
proportion of abnormal CXR findings were reported
in hospitalised cases who had symptoms of fever, pallor,
wheezing on auscultation or were malnourished (table 2).
Among cases with abnormal CXRs, statistically signifi-
cantly higher proportion of cases with other infiltrates
had wheezing on auscultation.

Table 3 describes four multivariate unconditional
logistic regression models to find associates of various

abnormal CXR findings. After controlling for age,
gender, symptoms of pneumonia, duration of illness,
biomass fuel and malnutrition status of cases, statistically
significant district-wise heterogeneity remained in the
first three models. Model I, which compared abnormal
versus normal CXRs, model II, which compared CXRs
with PEP alone or with other infiltrates versus normal and
model III, which compared CXRs with PEP alone versus
normal, had similar associates for radiological abnormal-
ities whereas model IV, which compared CXRs with other
infiltrates only versus normal, was different. Across all the
four models, female gender and those with severe malnu-
trition had statistically significantly higher risk for having
abnormal CXRs. A higher risk of radiological abnormali-
ties was also observed in those children with longer dura-
tion of illness.

DISCUSSION
This active, prospective, hospital-based surveillance
study was conducted to assess radiological abnormalities
in CXRs and to identify the demographic and clinical
correlates of specific radiological abnormalities in chil-
dren aged 2-59 months, hospitalised with WHO defined
CAP, residing in pre-specified districts of Uttar Pradesh
and Bihar. The study was conducted from January 2015
to April 2017, prior to the introduction of PCV in the
national immunisation programme of the Government
of India.”

In our study, among interpretable CXRs, we found that
22.44% (635/2829) cases had PEP alone or with infil-
trates, 12.09% (342/2829) had other infiltrates only and
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Characteristics Lucknow Etawah Patna Darbhanga Total
n=1025 n=389 n=744 n=671 n=2829
Sociodemographic characteristics (%) (%) (%) (%) (%)

Male 659 (64.29) 287 (73.78) 557 (74.87) 502 (74.81) 2005 (70.87)

Rural 195(19.02) 279 (71.72) 304 (40.86) 614 (91.51) 1392 (49.20)

Family type

Nuclear 337(32.88) 29 (7.46) 37 (4.97) 287 (42.77) 690 (24.39)

Mud 64 (6.24) 54 (13.88) 123 (16.53) 374 (55.74) 615 (21.74)

Combined 107 (10.4) 79 (20.31) 168 (22.58)  212(31.59) 566 (20.01)

No formal education 203 (19.80) 56 (14.40) 328 (44.09) 496 (73.92) 1083 (38.28)

Class VI-XIl 379 (36.98) 176 (45.24)  243(33.66)  112(16.69) 910 (32.17)

Father’s education

Class -V 85 (8.29) 19 (4.88) 91 (12.23) 82 (12.22) 277 (9.79)

1ybuAdoo

Graduate/Postgraduate 336 (32.78) 135 (34.70) 172 (23.12) 39 (5.81) 682 (24.11)

First 435 (42.44) 187 (48.07)  315(42.34) 192 (28.61) 1129 (39.91)

Third 153 (14.93) 47 (12.08) 129 (17.34) 137 (20.42) 466 (16.47)

Immunisation status

Incomplete for age 220 (21.46) 84 (21.59) 25 (3.36) 126 (18.78) 455 (16.08)

Currently breast feeding

No 372 (36.29) 133 (34.19) 155 (20.83) 134 (19.97) 794 (28.07)

Unemployed 13 (1.27) 20 (5.14) 27 (3.63) 63 (9.39) 123 (4.35)

Salaried/Professional 397 (38.73) 104 (26.74) 245 (32.93) 55 (8.20) 801 (28.31)

Mother’s occupation

Daily wages 17 (1.66) 3(0.77) 17 (2.28) 171 (25.48) 208 (7.35)

Self-employed 0(0.0) 1(0.26) 8 (1.08) 9 (1.34) 18 (0.64)
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Table 1 Continued

Characteristics Lucknow Etawah Patna Darbhanga Total
n=1025 n=389 n=744 n=671 n=2829
Sociodemographic characteristics (%) (%) (%) (%) (%)
Yes 211 (20.59) 245 (62.98) 263 (35.35) 609 (90.76) 1328 (46.94)
No 814 (79.41) 144 (37.02) 481 (64.65) 62 (9.24) 1501 (53.06)
Smoking status—father
Yes 152 (14.83) 45 (11.57) 56 (7.53) 59 (8.79) 312 (11.03)
No 873 (85.17) 344 (88.43) 688 (92.47) 612 (91.21) 2517 (88.97)
Indoor smoking —father
Yes 83 (8.10) 21 (5.40) 16 (2.15) 43 (6.41) 163 (5.76)
No 942 (91.90) 368 (91.60) 728 (97.85) 628 (93.59) 2666 (94.24)
Smoking status—
family member
Yes 129 (12.59) 55 (14.14) 45 (6.05) 102 (15.20) 331 (11.70)
No 896 (87.41) 334 (85.86) 699 (93.95) 569 (84.80) 2498 (83.30)
Indoor smoking—
family member
Yes 84 (8.20) 27 (6.94) 27 (3.63) 94 (14.01) 232 (8.20)
No 941 (91.80) 362 (93.06) 717 (96.37) 577 (85.99) 2597 (91.80)
Clinical variables at the time of admission at hospital n n n n n
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Age 1025 389 744 671 2829
(months) 14.53+13.88 10.69+10.95 10.26+11.35 12.30+13.29 12.35+12.85
Height 303 324 34 266 927
(cm) 68.61+13.78 70.66+13.75 64.38+10.25 70.46+12.14 69.70+13.26
Weight 1025 389 744 671 2829
(kg) 7.96+2.97 7.34+£2.73 7.11£2.78 7.78+2.93 7.61+£2.90
Fever duration 929 321 689 569 2508
(days) 4.46+2.71 3.59+2.37 4.25+2.52 3.54+2.47 4.08+2.59
Respiratory rate
Respiratory rate 602 272 540 451 1864
(2-11 months) 53.38+14.05 60.87+9.60 53.82+10.16 60.78+7.26 56.37+11.49
Respiratory rate 423 117 204 220 964
(12-59 months) 47.75+14.17 53.22+13.17 45.59+10.11 58.03+6.83 50.30+12.76
Oxygen saturation done (n, %) 528 (51.51) 343 (88.17) 236 (34.25) 319 1426
(56.06) (50.40)
Oxygen saturation <90% (n, %) 61 (11.53) 57 (16.61) 49 (20.76) 43 (13.47) 210 (14.72)
Grunting 461 (44.98) 353 (90.75) 687 (92.34) 649 (96.72) 2150 (76.00)
(n, %)
Very severe chest in-drawing (n, %) 953 (92.97) 352 (90.49) 739 (99.33) 651 (97.02) 2695 (95.26)
Signs of pneumonia with a general danger sign
Lethargy or reduced level of consciousness (n, %) 423 (41.27) 259 (66.58) 6 (0.81) 412 (61.40) 1100 (38.88)
Inability to breast feed or drink (n, %) 291 (28.39) 259 (66.58) 75 (10.08) 312 (46.50) 937 (33.12)
Convulsions (n, %) 16 (1.56) 19 (4.58) 13 (1.75) 100 (14.90) 148 (5.23)
Central cyanosis (n,%) 15 (1.46) 7 (1.80) 26 (3.49) 14 (2.09) 62 (2.19)

65.46% (1852/2829) had normal findings. Our study
used WHO case definition for CAP." A panel of three
trained radiologists interpreted CXRs, adopting WHO
recommended methodology."' '* These make our study
methodology robust and results generalisable.

There were 88.54% (2829/3195) interpretable CXRs
in the current study. This is similar to 83% (3587,/3973)

interpretable CXRs reported by Pneumonia Aetiology
Research for Child Health (PERCH) study conducted on
4232 children (1-59 months) in nine sites in seven coun-
tries.”” Consistent with PERCH findings, a vaccine probe
trial conducted in Gambia found proportion of interpre-
table CXRs among unvaccinated cases of pneumonia to
be 84.32% (242/287).*
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Interpretable chest X-rays Abnormal chest X-rays

PEP* alone
or with other Other
Normal Abnormal infiltrates infiltrates
1852 977 635 342
n=2829 n (%) n (%) P value n (%) n (%) P value

Lucknow 1025 636 389 <0.0001 282 107 <0.0001
(62.05) (37.95) (72.49) (27.51)

Etawah 389 275 114 73 41
(70.69) (29.31) (64.04) (35.96)

Patna 744 457 287 184 103
(61.42) (38.58) (64.11) (35.89)

Darbhanga 671 484 187 % 91
(72.13) (27.87) (51.34) (48.66)

Age group (months)

Gender

Place of residence

Biomass fuel

Immunisation status

Clinical features

Pallor 764 465 299 0.002 200 99 0.41

(25.11) (30.60) (31.50) (28.95)

Duration of illness fever (days) 2499 1611, 888, <0.0001 577, 342, 0.011
(n, mean+SD) 3.91+2.51 4.40+2.70 4.57+2.82 4.08+2.44
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Table 2 Continued

Interpretable chest X-rays

Abnormal chest X-rays

PEP* alone
or with other Other
Normal Abnormal infiltrates infiltrates
1852 977 635 342
n=2829 n (%) n (%) P value n (%) n (%) P value
Respiratory rate (2-11 months) 1865 1243 642 <0.0001 409 233 0.69
(n, mean+SD) 55.52+11.29 57.99+11.70 58.12+11.88 57.74+11.40
Respiratory rate 964 629 335 0.08 226 109 0.88
(12-59 months) 49.78+12.41 51.28+13.37 51.35+13.31 51.12+13.35
(n, mean+SD)
Fast breathing for age (2-11 1735 1130 605 0.11 384 221 0.69
months) (61.02) (61.92) (60.47) (64.62)
Fast breathing for age 862 562 300 0.92 204 96 0.53
(12-59 months) (30.35) (80.71) (82.13) (28.07)
Signs of pneumonia with a general
danger sign n (%)
Lethargy or reduced level of 1101 732 369 0.39 247 122 0.33
consciousness (89.52) (87.77) (38.90) (35.67)
Inability to breast feed or drink 937 612 325 0.46 211 114 0.97
(33.05) (83.27) (33.23) (33.33)
Convulsions 148 98 50 0.93 33 17 0.87
(5.29) (5.12) (5.20) (4.97)
Central cyanosis 62 39 23 0.34 16 7 0.64
(2.11) (2.35) (2.52) (2.05)
Malnutrition status
Normal* 1880 1293 587 <0.0001 367 220 0.06
(69.82) (60.08) (57.80) (64.33)
Malnutrition* 517 333 184 122 62
(17.98) (18.83) (19.21) (18.13)
Severe malnutrition* 432 226 206 146 60
(12.20) (21.08) (22.99) (17.54)

*Normal: weight-of-age z-score >-2 SD; malnutrition: weight-for-age z-score <-2 SD and severe: malnutrition weight-for-age z-score <-3 SD.

There have been several studies in the past two decades,
which have reported CXRs findings in hospitalised cases
of paediatric CAP. Almost all of these were conducted
before the introduction of PCV in their respective regions.
A small prospective study conducted in Ethiopia reported
radiological abnormality in CXRs in 48.3% (95% CI
39.49 to 57.22) among 122 children aged 3 months to
14 years with clinically diagnosed WHO-defined severe
pneumonia.29 Similar findings were reported from the
Gambian vaccine probe trial where the proportion of
radiological abnormality was 45% (95% CI 43.35 to 46.46)
among unvaccinated hospitalised cases of clinical pneu-
monia.?® Likewise, PERCH study found that 54% (95%
CI 52.31 to 55.57) of CXRs among cases of CAP were
abnormal.?’ In all of these studies, proportion of cases
with abnormal CXRs is higher than 34.5% (95% CI 32.8
to 36.3) found by us in the current study. However, our
findings are similar to PERCH rural study site of Matlab,
Bangladesh that reported radiological abnormality in
35.3% (95% CI 29.77 to 40.85) CXRs of hospitalised cases
of CAP.?” Another PERCH urban site of Dhaka, Bangla-
desh reported 63.10% (95% CI 56.18 to 70.02) cases

with abnormal CXRs.?” In our study, radiological abnor-
malities in CXRs were higher in cases from largely urban
districts of Patna and Lucknow compared with rural
districts of Darbhanga and Etawah. This is consistent with
rural-urban differences in Bangladesh sites of PERCH.”
Variation in CXR findings among cases of CAP may be
due to place of residence, infecting organism, immune
response of patient and prior duration of disease.

In 2016, WHO’s Department of Immunisation, Vaccines
and Biologicals standardised the categorisation of radio-
logical pneumonia and established that PEP can be taken
as a good surrogate marker of bacterial pneumonia in
epidemiological and vaccine efficacy studies."’ In our
study, 22.44% (95% CI 20.90 to 23.98) CXRs had PEP
alone or with other infiltrates and hence were probably
bacterial in aetiology. This is similar to findings of PERCH
study that reported PEP alone or with other infiltrates in
27% (95% CI 25.50 to 28.40) hospitalised cases of CAP.%
However, a study conducted in Gambia reported that
45% (95% CI 43.35 to 46.46) non-vaccinated children
had PEP and/or other inﬁltrates,28 which is higher than
that found by us or the PERCH study. PEP in CXR has
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been associated with increased risk of treatment failure
(p=0.002), increased length of hospitalisation (p=0.0003)
and more days of respiratory support (p=0.002) in
Botswana when compared with cases reporting no signifi-
cant pathology’ on CXRs.*

In our study, female gender (p<0.001) was at the higher
risk of developing radiological abnormalities compared
with males (table 3). The results are in concordance with
a hospital-based case-control study carried out in Brazil
that reported male gender as a protective factor against
pneumonia (OR=0.53; 95% CI 0.39 to 0.72) 2! However, a
study in Mozambique, Africa reported that male gender
was not significantly associated with presence of radiolog-
ical abnormalities (OR=0.77; 95% CI 0.56 to 1.05) in chil-
dren (0-59 months) suffering from severe pneumonia.”
In contrast, a Gambian study reported male preponder-
ance for all pneumonia that was most marked for those
whose CXRs showed ‘other infiltrates/ abnormalities’.?®

In our study, we observed differential care-seeking by
gender for CAP in all four project districts. Although
females admitted with CAP were at higher risk of having
radiological abnormalities, lower proportions were
hospitalised. Gender inequality in healthcare seeking
for females is common in India, as in other South Asian
countries.” ** Since there is no healthcare financing or
provision of health insurance in India, in case of severe
illness, parents are less likely to incur out-of-pocket
expenditure or incur debts to pay expenses on medical
treatment of their daughters as compared with sons.”
Another Indian study found that male children were five
times more likely to be taken early for medical care and
three times more likely to be seen by qualified medical
doctors compared with female children.”® We also found
that large proportion of hospitalised cases of pneumonia
were from urban areas, as there is poor healthcare seeking
from rural areas.”’

A systematic review with meta-analysis conducted
in 2014 suggests that no one clinical feature is suffi-
cient on its own to diagnose radiological pneumonia.”
However, other sociodemographic and clinical correlates
of abnormal CXRs found by us in model I (abnormal vs
normal), which increased the risk of radiological abnor-
malities were presence of pallor, severe malnutrition,
longer duration of illness and exposure to biomass fuel.
In low-income and middle-income countries, exposure to
biomass fuel used for cooking has been reported as an
important risk factor for CAP.*’ In rural India, majority
of the households use biomass fuel like firewood, dung
cakes and wood for cooking.* Young children are at risk
of adverse effects of exposure to biomass fuel as either the
households have no separate cooking space or have poor
ventilation and sometimes young children stay with their
mother while she cooks.

Other correlates of PEP/radiological pneumonia,
which were more likely to be bacterial in aetiology, as
found in model II, which compared PEP alone or with
other infiltrates versus normal, and model III, which
compared PEP alone versus normal (table 3), besides
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those found in model I, were presence of vomiting
everything and wheeze on auscultation, both of which
were found to be protective. These symptoms/signs are
more often reported in viral pneumonia.*' Correlates of
radiological abnormalities of ‘other infiltrates’ (model
IV which compared other infiltrates with normal), which
increased the risk, were again female gender, pallor and
severe malnutrition. Hence, it is difficult to attribute
radiological findings of other infiltrates to either bacte-
rial or viral aetiology.

Based on our study, almost two-third hospitalised
cases of CAP had normal CXRs and could be perhaps of
viral aetiology. This is supported by a recent study that
reported 61.4% (95% CI 57.3 to 65.6) cases to be viral.!
One-third of cases of CAP had abnormal CXRs and thus
were more likely to be bacterial in aetiology.

In India, 13-valent PCV has been introduced in May
2017. A three-dose schedule is followed with two primary
and one booster, at 6 weeks, 14 weeks and 9 months of
age, respectively. PCV 13 provides coverage against 13
serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and
23F).* Several studies have assessed serotype distribution
of pneumococcal disease among children in India. A study
conducted in Vellore, India, found that the most common
serotypes causing invasive infections among under-5 chil-
dren were 14, 19F, 5, 6A and 6B, all of which are covered
by the 13-valent PCV.* Another population-based surveil-
lance study conducted in rural Bangladesh found that the
most common serotypes of S. pneumoniae were 1, 5, 14,
18C and 19A and 38, which caused invasive disease and all
but one were covered by the 13-valent vaccine.** A system-
atic review and meta-analysis of data collected on invasive
pneumococcal disease serotypes from under-5 children
during the pre-PCV period (between 1980 and 2007)
found that serotypes included in both the 10-valent and
13-valent PCVs accounted for 10 million cases and 600 000
deaths worldwide."

Several strengths of the study are worth noting. This was
an active, prospective, multisite study where recruitments
were done from a large hospital surveillance network
established especially for the study in four districts of two
Indian states that have high under-5 mortality rates. Stan-
dard WHO definition was used to identify hospitalised
cases of CAP. Radiological abnormalities were interpreted
by a panel of three trained radiologists at locations out of
the surveillance network, blinded to each other as well
as clinical features of the case. Despite these strengths,
our study findings have certain limitations. First, in our
study, pre-existing x-rays machines which were not of
uniform specification were used. This might have caused
variation in quality of CXR images, although this error
was minimised by digitising the CXR images centrally.
Second, in our study, clinical data collection was recorded
by clinicians in the network hospitals and there could be
observer bias. This could also have lead to possibly over
reporting of presence of wheezing. In this study, we have
not collected information on use of antibiotic prior to
hospitalisations; as such information is not available

reliably. However, in another study done in one of the
network hospitals of Lucknow in the recent past, it was
found that 70.5% children tested positive for antibiotics
on urine examination.”® Prior use of antibiotics could
have possibly led to underestimation of radiological
pneumonia. We also observed that pulse oxymetry was
not routinely done in the network hospitals. This could
have an impact on the case management but would not
have affected the radiological findings of CXRs.

CONCLUSION

Among hospitalised cases of CAP, almost one-third of
children had abnormal chest radiographs of which about
two-thirds had abnormalities related to possible bacterial
aetiology (S. pneumoniae). Hence, the introduction of
pneumococcal vaccination is likely to reduce the burden
of childhood pneumonia in India. Since the study was
done prior to the introduction of PCV in India, continued
surveillance will be required to assess the impact of PCV
on radiological findings in cases admitted with CAP. The
impact of introduction of PCV in the national immunisa-
tion programme on under-5 mortality rate and burden of
CAP needs to be assessed too.
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